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ABSTRACT

Introduction: Child obesity has important conse-
guences on the child’s health and is related to
the risk of developing chronic diseases. That
brings up the need for research assessing the
impact of obesity- and overweight-reduction
programs with close attention to methodology
aspects and precise indicators of the impact of
such programs. Goal: Assessing the impact of a
physical activity program on the plasma concen-
trations of adiponectin, leptin, and ghrelin in
overweight and obese schoolchildren. Methods:
Randomized controlled trial, double-blind, with
6- to 9-year-old overweight and obese school-
children. A sample of 79 schoolchildren ran-
domly distributed into control and intervention
groups was subjected to a physical activity pro-
gram. The levels of adiponectin, leptin, ghrelin,
body mass index, body fat percentage, an-
thropometry, lipid profile and glycemia were
evaluated. The program’s impact was assessed
through multivariate linear regression models.
Result: When comparing the groups, a signifi-
cant difference was found for adiponectin,
which shows an increase in the proportion of
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subjects with higher adiponectin concentrations
for the intervention group and a reduction in
body mass index and body fat percentage. Con-
clusion: The impact of the intervention program
was positive in increasing adiponectin levels
associated with a reduction in body mass index
and body fat percentage.

Keywords: Obesity; Overweight; Schoolchildren;
Physical Activity; Adipocitokines

1. INTRODUCTION

Population studies show that excess fatty tissue, main-
ly in the abdominal region, is closely related to the risk
of developing coronary artery disease, systemic arterial
hypertension, diabetes mellitus, and dyslipidemias and
that this association grows as BMI increases [1-3]. Most
of these diseases are related to the action of the fatty tis-
sue as an endocrinal organ since the adipocytes synthe-
size several substances such as adiponectin, glucocorti-
coids, tumor necrosis factor (TNF-a), sexual hormones,
interleukin 6 (IL-6), and leptin, which act in the energy
balance, metabolism, control of several systems, and the
obesity-derived complications [4].

The effectiveness of the interventions on the obesity
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epidemic requires multiple strategies to be added up in-
volving all social groups, as well as individuals [5]. In-
creasing physical activity may be an important factor to
optimize reductions in abdominal fat, especially visceral
fat, in overweight children [6]. Healthy eating habits
during pregnancy, along with an active lifestyle of chil-
dren and teenagers, may be important factors in the pre-
vention of long-term risk of obesity [7,8].

Besides preventing several diseases such as obesity,
diabetes, and hypertension, physical activity also entitles
children to have leisure activities for social integration
and development of skills, which leads to greater self-
esteem and confidence [9].

Summerbell et al. [10] concluded that the researches
focusing on the combination of diet and physical activity
did not show a significant change in BMI, while inter-
vening with either diet or physical activity had a positive
impact on BMI. They also ruled out the importance of
the involvement of the family, schools, community, and
environment in the obesity prevention process and ap-
propriate study design and adequate control of the dura-
tion and intensity of the interventions.

The literature highlights the need for researches for
assessing the impact of child obesity and overweight
reduction programs. Thus, in a set of changes in the nu-
tritional problem patterns, with the increasing preva-
lence of obesity and its repercussions on health, the cur-
rent study aimed to assess the impact of a physical activ-
ity program on the plasma concentration of adiponectin,
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leptin, and ghrelin in overweight and obese students.

2. METHODS

The current research is a double-blind, randomized
controlled trial with overweight and obese students be-
tween six and nine years old enrolled in seven urban
public schools in the city of Ouro Preto, Minas Gerais
state, Brazil. The schools were chosen following the cri-
teria of being within the urban area and of having areas
for the practice of physical activities. The children se-
lected were between six and nine years old who were
either overweight or obese in good health (able to prac-
tice physical activities) and who were enrolled in the
morning or afternoon shifts of public schools in the ur-
ban area of the city of Ouro Preto from pre-school to
fourth grade. The schools with night shifts and the chil-
dren between six and nine years old with chronic ill-
nesses were excluded.

The study population included 1019 students accord-
ing to the data provided by the Municipal Secretary of
Education and the schools’ registry. In order to calculate
the initial sample, the prevalence of overweight and obe-
sity was identified in this population. All children identi-
fied as being overweight or obese were invited to take
part of the study. The sample was made up of 79 children
whose parents and/or guardians authorized their partici-
pation. The children eligible to the study were distributed
in a random, blind, and concealed way into two groups:
intervention (A) and control (B) Figure 1 illustrates the

Number of students from pre-school to fourth grade (n = 1019)™

Children from 6 to 9 years old anthropometric
assessed (n = 1019)

Nutritional status
according to the
WHO (2007).

Eutrophics (88.4%) | | Overweight (8.6%) |

Obesity (3.0%)

| Totalstudentsrecruited (n = 119)

Did not accept to

participate in the
study (n = 40)

| Clinicalstudy (n = 79) |

| Concealedrandomization |

Interventiongroup
(n=40)

Controlgroup
(n=39)

Clinicaloutcome
(4 months)

Figure 1. Distribution of the children into two groups: intervention (A) and control (B).
“total number of students enrolled from pre-school to fourth grade in seven urban
schools of Ouro Preto, MG, according to the roll call list provided by the schools’ prin-

cipals.
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steps involved:

The study assessments were carried out in the morning.

For all data collection, a protocol for standardizing the
collection procedures was created and all the researchers
were previously selected and trained on the research pro-
cedures. Before beginning the intervention program, all
children allocated to the control and intervention groups
underwent an initial evaluation and baseline data were
collected for the following parameters:

* Anthropometric data: Weight and height for calculat-
ing the BMI, which was calculated from the ratio be-
tween total body weight in kilograms and the squared
height in meters (Quetelet index) [11]. The cut-off
points indicated by the WHO (2007) [12] were used.
An Alturaexata® vertical anthropometer and a TANI-
TA BF599 electronic digital scale were employed.

* Waist and hip circumference: A two-meter tape mea-
sure was used and the cut-off points proposed by
Taylor et al. (2000) [13] were adopted. The waist-hip
ratio (WHR) was obtained by dividing the waist cir-
cumference by the hip circumference.

» Skinfold thickness (SK): A Lange Skinfold Caliper
was used to measure skinfold thickness (triceps and
calf) with a scale from 0 to 60 mm and +1 mm preci-
sion according to the techniques recommended by
Heyward et al. (2000) [14]. The equation proposed by
Slaughter et al. (1988) [15] was adopted to evaluate
the body fat percentage (BF %).

* Biochemical variable: All blood samples were col-
lected at the schools in the morning (between 7:00
and 9:00 AM). 6 mL were collected from each child
per sample, which were then centrifuged and stored at
—20°C. All children were instructed to remain in fast-
ing for 12 hours. The colorimetric method (Labtest")
was used for analyses of glycemia and lipid profile
(total cholesterol, HDL, LDL, and triglyceride). LDL
was estimated based on the equation proposed by
Friedewald, Levy, and Fredrickson (1972) [16]. The
ELISA (Linco Research) method was used for analy-
ses of adiponectin, leptin, and ghrelin [17-19].

2.1. Intervention Program

After the initial data collection, the intervention pro-
gram began, which lasted for four months. All the sub-
jects selected and randomly allocated to either the con-
trol or intervention groups were part of an intervention
program developed as follows:

Control group (n = 39): The children allocated and
their parents and/or guardians attended a series of lec-
tures on healthy eating habits, practice of physical activi-
ties, and family relations over the four-month period.
The program had two lectures a month, one for the par-
ents and another for the children, for a total of eight
events. The lectures comprised workshops and educa-
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tional projects in Nutrition in order to stimulate a higher
intake of healthy foods and a lower intake of foods with
high fats and calorie content. They also included actions
promoting healthy habits for reducing sedentarism, aim-
ing at reducing the number of hours using computers,
videogames, and similar equipment. At the same time,
the children were stimulated to practice more physical
activities through individual and team sports.

Intervention group (n = 40): The children allocated un-
derwent a physical activity program three times a week,
in the afternoon, for 50 minutes over the fours months of
the school semester. The program included recreational
activities, collective games, races, and vaults in a cov-
ered gymnasium. Moreover, educational lectures were
given (to both parents and children) on the same subjects
as those for the control group twice a month over the
four-month period.

The caloric expenditure and the maximal oxygen up-
take (VOimax) Were measured through open-circuit spi-
rometry with a portable metabolic system (COSMED
K4). The data were collected from five randomly chosen
children from the intervention group during the 50-min-
ute physical activity class included in the intervention
program.

After the four months of the intervention period, a new
evaluation was performed, by the same researchers, us-
ing the previously collected parameters.

2.2. Data Analysis

The study data were stored, coded, and analyzed by
the softwares Epilnfo 6.2 and MiniTab14. The data com-
pilation and the statistical analysis were performed in a
way that the statistician and assessor would be blinded
regarding the allocation of volunteers. According to the
probability distribution of the data analyzed, from the
Shapiro-Wilk test for normality, parametric (t-test and
paired t-tests) or non-parametric (Wilcoxon and Mann-
Whitney) tests were applied to the averages of medians
when the distribution was considered normal and non-
normal, respectively. The difference was considered sta-
tistically significant at a 5% level (p < 0.05).

The program’s impact on the plasma concentrations of
adiponectin, leptin, and ghrelin in the control and inter-
vention groups was analyzed based on multivariate linear
regression models in which the values of these three
plasma variables were acquired from the differences be-
tween the values after and before the intervention pro-
gram (four months). The analysis also investigated which
variables influenced the values of the plasma variables.

The multivariate models for leptin, ghrelin, and adi-
ponectin of both the control and intervention groups
were selected as follows: Initially, a correlation analysis
was performed on the variables for the control and inter-
vention groups through Pearson’s and Spearman’s tests
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(for parametric and non-parametric distribution, respec-
tively) so that the presence of multicollinearity among
the variables could be verified. Next, all univariate mod-
els were adjusted, i.e., each response variable with the
variables individually. From these adjustments, only the
variables that had values of p < 0.25 were selected. After
that, the stepwise backward and best subset selection
methods (automatic and manual) were applied.

For the analysis comparing the quantitative variables
of the groups in the periods prior to and after the inter-
vention, paired t-test and Wilcoxon test were employed
for each group individually. In order to compare the con-
trol and intervention groups for the pre- and post-inter-
vention periods individually, t-test and Mann-Whitney
test were employed.

Aiming to better control the study, the professionals
taking part in the study received manuals containing each
aspect of the protocol used and were also trained on the
procedures and conducts of the research. Randomized
distribution, concealed allocation, blinded analysis, and
intention-to-treat analysis were adopted in order to mini-
mize bias [20].

3. RESULTS

The characteristics of the groups studied were: age
average of 7.69 + 1.08 years and BMI of 19.87 + 1.81
kg'm* for the control group and average age of 7.09 +
1.12 years and BMI of 22.3 + 3.17 kg-m * for the inter-
vention group. Table 1 shows the characteristics of the
groups studied and the comparison of the result averages
pre- and post-intervention (n = 79). The reductions in the
number of samples that took place for some variables
were due to extreme values (outliers), hemolysis of the
sample, and the child refusing blood collection. The av-
erage caloric expenditure and VO,y,, during a 50-minute
physical activity in the intervention group was 153.38 +
27.28 kcal and 43.34 + 7.28 mL O,-kg '-min", respec-
tively, for a moderate activity.

When comparing the data of the control group be-
tween the pre- and post-intervention periods, the follow-
ing outcomes had a 5% significance level: weight, BMI,
height, and glycemia increased, while skinfold thickness
decreased. When comparing the data of the intervention
group between the pre- and post-intervention periods, the
following results had a 5% significance level: weight and
glycemia increased, skinfold thickness and HDL de-
creased, and BMI tended to decrease (6%). A significant
difference was found between the groups for weight,
BMI, BF%, total cholesterol (TC), LDL, triglycerides
(TG), glycemia, and adiponectin.

Finally, when comparing the data of the post-inter-
vention period between the control and intervention
groups, the results were: Weight, BMI, BF%, SK, HDL,
ghrelin, adiponectin, and BF% had no differences; WHR,
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TC, TG, LDL, and adiponectin were higher in the inter-
vention group; and glycemia was lower.

The result of the analysis of the program’s impact on
plasma concentrations of adiponectin, leptin, and ghrelin
in the control and intervention groups was analyzed
starting with the correlation between the variables stud-
ied. Weight, height, and LDL were excluded from the
leptin model for the control group. While for the inter-
vention group BF% was excluded from the leptin model,
TC was excluded from the adiponectin model, and LDL
was excluded from the ghrelin model in order to avoid
multicollinearity in the regression model. Next, all uni-
variate models were adjusted and only the variables with
values of p < 0.25 were selected and, subsequently, they
were automatically selected through the stepwise back-
ward and best subset methods (multivariate linear re-
gression models). In the analyses of the univariate mod-
els of the control group for the dependent variables (Ta-
ble 2), p < 0.25 significance was reported for sex, BF%,
BMI, SK, TC, and HDL for leptin; HDL for adiponectin;
and SK for grhelin. In the univariate models for the in-
tervention group, significance was found for weight, SK,
and TC for leptin; weight and LDL for adiponectin; and
BMI, TC, and TG for ghrelin.

The models that had the best results altogether were
chosen and the residuals analysis was performed to
evaluate the assumptions of the linear regression model:
The residuals had normal distribution, were shown to be
independent (non-correlated), and with constant variance.
Tables 3 and 4 show the multivariate results of the con-
trol and intervention groups for the dependent variables
adiponectin, leptin, and ghrelin.

Regarding the results of the multivariate analysis for
the control group (Table 3), in the ghrelin explanatory
model only the SK variable had a significant influence,
which explains the 10.5% of variance for ghrelin. In the
leptin model, the variables BMI, SK, and TC explained
47.6% of the variance for leptin. In the adiponectin
model, only the HDL variable explained the variance
(9.4%). The models’ parameters were interpreted as fol-
lows: For ghrelin, for every unit increased in the differ-
ence of SK, there is a 10.44-unit increase in the differ-
ence of ghrelin.

For leptin, for every unit increased in the difference of
BMI, there is an 8.53-unit increase in the difference of
leptin; for every unit increased in the difference of SK,
there is a 1.35-unit increase in the difference of leptin;
and for every unit increased in the difference of TC,
there is a 0.24-unit increase in the difference of leptin.
Finally, for adiponectin, for every unit increased in the
difference of HDL, there is a 0.30-unit increase in the
difference of adiponectin. For every case mentioned, the
remaining model variables are considered constant.

For the intervention group, the results of Table 4 show
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Table 1. Result of comparing the control and intervention groups.
Control Intervention -
Variable Period p
Average + SD Median n p’ Average + SD Median n p’

Pre 34.92 (5.69) 33.90 40.70 (10.28) 39.3 0.007*

Weight (kgf) 39 0.000 40 0.000”
Post 38.96 (5.30) 37.40 41.99 (10.77) 40.9 0.124°
Pre 19.87 (1.80) 19.40 22.30 (3.17) 21.3 0.004*

BMI (kg/m?) 39 0.000 40 0.063*
Post 20.50 (1.75) 20.13 21.83 (3.66) 21.0 0.115*
Pre 132.15 (7.48) 132.90 134.60 (8.45) 134.4 0.176°

Height (cm) 39 0.000 40 0.000'
Post 137.65 (6.87) 137.30 137.74 (8.48) 136.6 0.963°
Pre 28.90 (5.49) 28.70 32.58 (6.34) 32.9 0.008°

BF% 39 0.905 40 0.137'
Post 29.06 (5.28) 28.70 31.69 (7.03) 31.3 0.076
Pre 33.11 (6.32) 33.10 34.28 (7.23) 35.2 0.445°

SK (%fat) 39 0.000 40 0.000'
Post 28.48 (5.51) 28.90 30.49 (7.82) 30.6 0.210°
Pre 88.62 (6.71) 89.27 89.97 (5.99) 91.5 0.131°

WHR 39 0.925 40 0.118'
Post 89.10 (4.51) 89.70 91.67 (5.39) 92.1 0.030°
Pre 109.03 (28.67) 102.89 143.43 (19.67) 142.8 0.000*

TC (mg/dl) 36 0.845° 37 0.648'
Post 108.77 (18.86) 102.75 145.46 (15.58) 146.9 0.000*
Pre 19.13 (5.59) 19.51 20.62 (17.57) 16.1 0.284*

HDL (mg/dl) 35 0.874 37 0.016
Post 19.18 (3.65) 19.14 20.30 (4.34) 19.4 0.253°
Pre 79.59 (27.96) 72.35 99.27 (21.18) 99.6 0.000*

LDL (mg/dl) 34 0.739 37 0358
Post 76.71 (18.33) 70.14 103.79 (14.19) 103.5 0.000*
Pre 55.63 (32.50) 49.33 111.71 (42.81) 100.4 0.000*

TG (mg/dl) 36 0.081 37 0.106
Post 63.92 (31.74) 56.68 106.02 (43.74) 92.3 0.000*
Pre 95.55 (11.48) 97.47 77.43 (16.97) 67.2 0.000*

Glucose (mmol/l) 36 0.009° 37 0.014
Post 99.55 (13.61) 102.51 79.11 (16.78) 70.7 0.000*
Pre 395.00 (191.11) 346.11 416.70 (210.48) 389.6 0.856*

Ghrelin (pg/ml) 26 0.987 34 0.072?
Post 395.43 (220.27) 284.93 457.63 (226.23) 389.6 0.223*
Pre 23.87 (11.05) 24.21 30.65 (12.01) 29.2 0.028°

Adiponectin (ug/ml) 27 0554 33 0.078°
Post 22.46 (10.16) 24.65 36.45 (21.41) 35.0 0.003*
Pre 17.44 (14.55) 13.29 24.42 (17.03) 22.1 0.103*

Leptin (ng/ml) 27 0.710 33 0.472*
Post 18.44 (17.28) 13.82 25.19 (23.29) 15.5 0.200*

"Paired t-test; Wilcoxon test; > T-test; 4M.emn—Whitney test; SD = standard deviation; CI 95%; BMI = body mass index; BF% = body fat percentage; SK = skin-
fold thickness; WHR = waist-hip ratio; TC = total cholesterol; HDL = high-density lipoprotein cholesterol; LDL = low-density lipoprotein cholesterol; TG =
triglyceride. Comparison of the pre- and post-intervention data for each group. Comparison of the pre- and post-intervention data between each group (con-

trol and intervention).

that in the explanatory model for ghrelin the significant
variables were BMI and triglycerides (19.20%). In the
leptin model, the variable SK explained 25.30% of the
variance for leptin. In the adiponectin model, the vari-

ables LDL and weight had an influence at a 10.80% level.

The models’ parameters were interpreted as follows:
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Considering that in all cases the difference of the other
variables is constant, for ghrelin, for every unit increased
in the difference of BMI, there is a 43.23-unit increase in
its difference, as well as for every unit increased in the
difference of TG, there is a 1.67-unit decrease in its dif-
ference. For leptin, for every unit increased in the differ-
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Table 2. Results of the univariate models for the dependent variables adiponectin, leptin, and ghrelin for the control and intervention
groups.

Group Variables Beta Lower limit Upper limit p value Adjusted R?

Sex —5.61 -15.12 391 0.237 0.017

BF% 1.03 -0.49 2.54 0.176 0.034

BMI 7.78 2.74 12.81 0.004 0.251

Leptin
SK 0.93 -0.58 2.43 0.216 0.022
Control

TC 0.211 -0.014 0.44 0.064 0.092

Ghrelin —0.02 -0.053 0.009 0.157 0.040

Adiponectin HDL 0.264 -0.039 0.567 0.084 0.094

Ghrelin SK 11.251 -0.677 23.179 0.063 0.105

Weight 3.505 0.770 6.239 0.014 0.159

Leptin SK 2.290 0.912 3.668 0.002 0.253
TC 0.466 —0.556 1.487 0.359 —0.004

Weight —1.845 =5.106 1.416 0.257 0.010

Intervention Adiponectin

LDL 0.225 —0.042 0.493 0.096 0.057

BMI 40.699 —6.830 88.228 0.091 0.060

Ghrelin TC 2.627 —0.783 6.036 0.126 0.044

TG -1.592 -3.027 -0.156 0.031 0.114

BMI = body mass index; BF% = body fat percentage; SK = skinfold thickness; TC = total cholesterol; HDL = high-density lipoprotein; LDL = low-density lipo-
protein; TG = triglyceride.

Table 3. Results of the multivariate models of the control group for the dependent variables adiponectin, leptin, and ghrelin.

Model Variables Beta Cl1 95% Beta p value Adjusted R?
Ghrelin (DIF)” SK (DIF)’ 10.44 -0.68 23.17 0.063 10.50%
BMI (DIF)" 8.53 427 12.80 0.000
Leptin (DIF) SK (DIF)" 1.33 0.23 2.47 0.020 47.60%
TC (DIF)’ 0.24 0.07 0.41 0.008
Adiponectin (DIF)" HDL (DIF)" 0.30 -0.04 0.57 0.084 9.40%

"DIF = post-intervention data - pre-intervention data; TC = total cholesterol; SK = skinfold thickness; BMI = body mass index; HDL = high-density lipoprotein.

Table 4. Results of the multivariate models of the intervention group for the dependent variables adiponectin, leptin, and ghrelin.

Models Variables Beta Cl1 95% Beta p value Adjusted R?
BMI (DIF)" 43.23 -0.95 87.42 0.055 19.20%
Ghrelin (DIF)"

TG (DIF)* -1.67 -3.03 —0.28 0.020

Leptin (DIF)" SK (DIF)" 2.29 0.91 3.67 0.002 25.30%

. LDL (DIF)’ 0.28 0.01 0.54 0.044 10.80%

Adiponectin (DIF)

Weight (DIF)’ -2.60 -5.78 0.59 0.106

"DIF = post-intervention data - pre-intervention data; CI = confidence interval; SK = skinfold thickness; BMI = body mass index; TG = triglyceride; LDL =
low-density lipoprotein.
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ence of SK, there is a 2.29-unit increase in its difference.
For adiponectin, for every unit increased in the differ-
ence of LDL, there is a 0.28-unit increase in its differ-
ence, as well as for every unit increased in the difference
of weight, there is a 2.60-unit decrease in adiponectin.

It can be seen in Table 5 that there was no significa-
tive difference in the pre- and post-intervention com-
parison in the control and intervention groups individu-
ally as well as in the comparison between the control and
intervention groups in the pre-intervention period.

However, there was a significant difference when
comparing the control and intervention groups in the
post-intervention period for adiponectin (p = 0.002),
which shows an upward trend in the proportion of sub-
jects with higher plasma concentration of adiponectin in
the intervention group in the post-intervention period
compared to the control group.

4. DISCUSSION

The current study assessed the impact of a physical
activity program on the levels of adiponectin, leptin, and
ghrelin in children in public schools.

The analyses of the intervention on the plasma levels
of these substances were based on two statistical meth-
ods for adjusting all possible models, thus increasing the
explanatory ability of the models being studied with dif-
ferent numbers of variables. The models’ explanations
were not above 80% for both groups. That shows the
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variables were likely not enough to explain the impact of
physical activity on ghrelin, leptin, and adiponectin.
Only leptin had a high percentage of variance explained
by the adjusted model, R* = 47.60% in the control group
for the independent variables BMI, SK, and TC, and R?=
25.30% in the intervention group for SK. Studies have
shown that leptin levels may be partially related to the
size of the body’s fatty tissue, and they also suggest that
the increase in fatty tissue raises serum levels of leptin
through mechanisms involving the number of fatty cells
and the induction of ob mRNA [21-23]. Nevertheless,
the serum level of leptin does not depend only on the size
of the fatty tissue; other mechanisms seem to be involved
in regulating its production [24-26].

Among the explanatory variables in the model for
ghrelin (BMI, TG, and SK), studies suggest their main
roles are regulating food intake and energetic balance by
the hypothalamic centers [27,28]. However, a possible
relation between changes in body make-up and ghrelin
plasma levels has not been well established by the litera-
ture. The variations in plasma ghrelin levels are mainly
regulated by the intake of certain nutrients. Ingesting
animal protein and lipids raises such levels. However, an
increase in plasma insulin also suggests changes in ghre-
lin levels [29-32]. Further studies are needed to try to
explain this mechanism.

When comparing both groups in the post-intervention
group for the variables adiponectin, leptin, and ghrelin, a

Table 5. Results of the comparisons of the pre- and post-intervention periods of the control and intervention groups, individually and

between groups.

Control Intervention
p? p’
Pre Post p* Pre Post pt
<20.02 7 10 0.504 6 7 0.416 0.072 0.002
>20.02, <26.03 11 9 7 3
Adiponectin
>26.03, <37.15 5 6 10 10
>37.15 4 2 10 13
<6.91 7 7 0.240 7 10 0.215 0.067 0.505
>6.91,<15.51 4 10 11 9
Leptin
>15.51, <29.66 9 8 5 6
>29.66 12 7 4 2
<232.46 8 12 0.587 9 5 0.206 0.518 0.163
>232.46, <381.94 8 4 5 10
Ghrelin
>381.94, <565.93 6 5 11 9
>565.93 6 7 8 9

"McNemar-Bowker’s test when comparing pre and post-intervention values in the control and intervention groups, individually; *Exact Pearson’s chi-square test
when comparing the control and intervention groups in the pre-intervention period; *Exact Pearson’s chi-square test when comparing the control and interven-

tion groups in the post-intervention period.

Copyright © 2013 SciRes.

OPEN ACCESS



1826

significant difference (p = 0.002) was found for adi-
ponectin, which shows an increase in the proportion of
subjects with higher plasma adiponectin levels for the
intervention group. At the same time, a reduction was
found in BMI and BF% for the children in this group.
Similar results were found in a study by Reinehr et al.
[33] with 42 obese children, 10.2 years old on average,
subjected to a physical activity intervention program for
one year. The authors found a strong association between
the higher adiponectin levels and weight loss (lower BMI)
in the group studied with average adiponectin levels of
12.2 ng/ml. Cambuli et al. [34] found a 245% increase in
serum adiponectin levels along with weight loss in 48
obese children after one year. On the other hand, Martos-
Moreno et al. [35] suggests that not only the amount of
body fat, but also the maturity of the fatty tissue, may
play a key role on the serum adipocytokine profile in
children. In another study, no change in adiponectin lev-
els was found in 49 children eight to 17 years old who
underwent a four-week exercise program [36]. An eight-
week randomized study with 20 obese children 10.8 +
0.67 years old showed that, with no weight loss or
changes in body make-up, there was no significant
change in adipocytokine levels [37]. The mechanisms of
serum adiponectin level regulation have not been fully
explained and its expression may vary according to the
distribution of fatty tissue, sensibility to insulin, glycol-
corticoids, triglyceride, TNF-a, IL-6, and puberty [38-
40].

Regarding the body make-up, there was no significant
difference between the groups evaluated for the variables
BMI and BF% by the end of the study. However, the
values of both variables decreased in the post-interven-
tion period for the intervention group and increased for
the control group, which was significant for the BMI (p =
0.001). Jiang et al. [41], in a randomized clinical trial
with 2425 students 8.4 = 1.4 years old in Beijing, China,
who underwent a three-year physical activity and food
re-education intervention program, reported that the pre-
valence of overweight and obesity decreased in the study
population and that strategies for involving the parents
with the program should be prioritized in future re-
searches. Maintaining a moderate-to-rigorous physical
activity program for over three years in overweight chil-
dren is likely to significantly reduce BMI. However, the
small change in BMI associated to changes in the amount
of physical activity may explain the disappointing results
of BMI reduction in short-term interventions [42]. In a
meta-analysis on the effectiveness of weight reduction in
children, Snethen er al. [43] concluded that combining
variables such as diet, physical activity, changes in habits,
and family involvement may be effective in reducing
children’s weight, but the data found were not enough to
show which variable is the most effective.

Copyright © 2013 SciRes.
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The intervention program in the current study had mo-
derate-intensity physical activity. According to the lit-
erature, moderate activity is an appropriate level of ca-
loric expenditure for children at the age group followed,
since high-intensity activities are not advised due to the
risks of overloading both the cardiovascular and muscu-
loskeletal system, making them prone to injuries [44-47].
Acrobic exercises are the most suitable for weight loss
and reduction in metabolic changes in overweight and
obese children [48], being 30 to 40 minutes of physical
activity three times a week the suggested amount [49,
50].

Despite its health benefits of reduction and prevention
of overweight and obesity, the adherence to regular
physical activity faces facilities availability barriers as
well as behavioral, economic, and social [51]. The diffi-
culty in available public and private facilities for devel-
oping the physical activities included in this study, as
well as matching the time of exercise and transport, may
be considered barriers for children to adhere to the ac-
tivities and to continue the program. In the present inves-
tigation, an expressive adherence to the program by the
children was seen over the four-month physical activity
period. However, it is worth pointing out the difficulty
found during the lecture program for both the control and
intervention groups, in which considerable parents’ ad-
herence was not seen. Factors such as night-shift work,
incompatibility of times and dates of the meetings, and
personal interest seem to have been the greatest barriers
for the parents’ adherence to the program.

5. CONCLUSION

The impact of the intervention program on the plasma
levels of adiponectin, leptin, and ghrelin was positive in
raising adiponectin levels associated with a reduction in
BMI and BF%. However, the models for the variables
adiponectin, leptin, and ghrelin had a low explanatory
ability in the adjusted models. Therefore, further analysis
of other factors that might influence the results is needed.
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