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Abstract  The purpose of this study was to evaluate the impact of a strength training exercise intervention on 
body composition and cardiovascular risk factors in obese children, by pubertal stage. The sample included 60 
obese schoolchildren of both genders, aged 8 to 13 years, recruited from a school in the city of Santiago 
(Chile). The intervention included physical exercise (strength training 3 times per week), during 3 months. Multi-
compartmental body composition was estimated using isotopic dilution, plethysmography, radiographic 
absorptiometry and 4C model as the gold standard. Presence of metabolic syndrome was diagnosed according to 
Cook criteria and cardiovascular risk factors were determined using anthropometric and biochemical indicators. We 
found differences in schoolchildren in pubertal stages III & IV. Compared to girls, boys showed significant 
reductions in body fat in kg and percentage (4-Component model) and isotopic dilution in kg (p < 0,05). Likewise, 
we observed an increase in the fat-free mass in kg, in the 4-Component Model (p < 0,01). In all groups, the 
prevalence of metabolic syndrome decreased from baseline to 3 months, but the reduction was significant only 
among boys of Tanner I & II (p = 0.03). Only this group showed a significant reduction in the prevalence of 
cardiovascular risk factors from baseline to 3 months (p = 0.02). This study provides evidence on the positive 
impact of a strength training physical exercise program on reductions of body fat, metabolic syndrome, and 
cardiovascular risk factors, supporting the use of exercise as a treatment for obesity and its comorbidities in 
schoolchildren. 
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1. Introduction 
Over the last decades, the prevalence of obesity has 

increased dramatically worldwide, reaching epidemic 
proportions and becoming a source of huge concern since 
the negative health consequences begin early in childhood. 
[1] In Chile, obesity in schoolchildren quadrupled from 
1986 (4%) to 1998 (17%). In the 2000s, he prevalence of 
obesity among children entering the school system 
increased from 19,4% in 2006 to 22,1% in 2011. [2,3] To 
a great extent, the obesity epidemic is the result of 
changes in diet and activity patterns due to explosive 
economic growth, the so-called nutritional transition [4,5]  

Consequences of childhood obesity include an 
increased risk of developing the Metabolic Syndrome (MS) 
(abdominal obesity, dyslipidemia, high blood pressure, 
and glucose intolerance), cardiovascular diseases, type 2 
diabetes (DM2), non- alcoholic fatty liver disease, 
obstructive sleep apnea/hypoventilation, polycystic 
ovarian syndrome, infertility, asthma, orthopedic 

complications, psychiatric disease, and increased rates of 
cancer, among others [6,7]. 

The excessive accumulation of BF is deleterious to an 
individual's health, negatively affecting its physical and 
metabolic condition and contributing to insulin resistance 
and a chronic inflammatory state. Longitudinal studies 
show that MS in childhood quadruples the risk of DM2 
and MS in adulthood. [8] These abnormalities may persist 
into adulthood without early interventions to prevent or 
treat obesity and restore cardiovascular and metabolic 
homeostasis. [9,10] The beneficial effect of physical 
exercise on the metabolism of lipids and carbohydrates, 
cardiovascular health, endothelium, and prevention and 
treatment of many metabolic, cardiovascular, and 
osteomuscular disorders associated with overweight has 
been well documented. [11] Dosed physical exercise (both 
aerobic and strength training) modify body composition, 
contributing to a conservation or increase in muscle mass 
and reductions of subcutaneous, visceral, and 
intramuscular fatty tissue. [12] Strength training physical 
exercise has been used to prevent and treat insulin 
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resistance, as enhancement in muscular function improves 
glucose capture and transport as well as lipid oxidation 
[13,14,15,16]. 

Contractile activity initiates a series of molecular, 
physiological, and biochemical events in skeletal muscle 
cells, activating kinases and phosphates that produce 
multiple signal transduction events favoring metabolic 
homeostasis. [17,18] Furthermore, this type of exercise 
produces less cardiovascular overload, and the intermittent 
nature of strength training is familiar and compatible with 
the play and movement of schoolchildren. [19] The aim of 
this study was to evaluate the impact of a strength training 
exercise intervention on body composition and CVRF of 
obese children, by pubertal stage. 

2. Materials and Methods 

2.1. Subjects 
The sample was made up of 60 obese (BMI ≥ 95th 

percentile, according to CDC-NCHS charts) children of 
both sexes, aged 8 to 13, [20] recruited from an 
Elementary school in Macul, a district in Central East 
Santiago, Chile. The selection of establishment was by 
convenience, based on the school's proximity to the 
research center and professionals performing the 
intervention. Other inclusion criteria included full day 
attendance to the educational establishment, assent of the 
student to participate in the study, and consent form 
signed by the parent or legal guardian. Students were 
excluded if they had been diagnosed with a psychomotor 
disorder; used medications that alter body composition, 
physical activity, dietary intake, and/or biochemical 
parameters; or had physical abnormalities that would 
prevent them from participate in the exercise program. 
The study was approved by the institutional review board 
of the Institute of Nutrition and Food Technology (INTA), 
University of Chile, which meets national and 
international certification standards. 

2.2. Description of Intervention 
The exercise intervention took place within the 

educational establishment. Children were required to 
attend 45 minutes session, 3 times per week on non-
consecutive days, for a period of 3 months (30 sessions in 
total). The intervention focused on localized strength 
training, using exercises that worked 6 muscle groups to 
fatigue: biceps (left and right), shoulders (left and right), 
pectorals (left and right), abdominals, calves (left and 
right), and thighs (left and right). The exercises used 
weighted arm bands for the arm exercises and body 
weight for the lower body exercises. The objective of the 
training was to rehabilitate muscle function, including 
both functional and working capacity, that had been lost 
due to physical inactivity. [21,22,23] The training circuit 
used the "1x2x3" method, which consists of 1 minute of 
exercise designed to fatigue the isolated muscle group, 
followed by 2 minutes of rest, repeated 3 times [23]. 

2.3. Biological Age 
Pubertal development was classified using the Tanner 

scale according to female breast and male genital 
development [24]. 

Tanner stage was evaluated by visual inspection 
performed by a pediatric endocrinologist during the 
physical examination. 

2.4. Anthropometry 
Fasting weight and height were measured in early 

morning (7-8h). Children were just in underwear and 
stood on the scale, feet near the center, arms at their sides, 
and head neutral, so that the line from the corner of the 
eye to the origin of the ear was parallel with the floor. 
Weight was measured using an electronic precision scale 
(SECA® Model 767) with a sensitivity of 10 grams. 
Height was measured using a Holtain stadiometer (SECA) 
with a sensitivity of 0,1 cm. Both values were imported 
via Precision Hispana touch screen. Four skinfolds were 
measured (biceps, triceps, subscapular, and suprailiac) 
with a Lange caliper with millimetric precision (1 mm), 
using the technique described by Lohman et al., in 
triplicate. [25] All measurements (anthropometry, blood 
sampling) were performed in a single session. 

2.5. Body Composition 

2.5.1. Isotopic Dilution 
Total body water was measured using deuterium 

dilution. The isotope was administered orally at a dose of 
4 gr of deuterium oxide (99,8%), according to 
theparticipants’ body weight. Body water values were 
derived from deuterium oxide concentrations, according to 
the Plateau method. Subjects fasted for a 3-hour 
equilibration period to minimize changes in total body 
water content. [26] A baseline saliva sample was taken 
(approximately 2 mL), and then the dose of deuterium was 
given, along with 20 ml of water. The post-dose saliva 
sample was taken after a 3-hour waiting period, during 
which the participants did not urinate or ingest other 
liquids or foods. The sample was frozen at a temperature 
of -20ºC. To analyze the deuterium content in the saliva, 
the sample was thawed and equilibrated with hydrogen 
gas, adding 5% platinum on alumina powder, for 3 days. 
The deuterium/hydrogen ratio in the resultant gas was 
analyzed using mass spectrometry (Hydra, Europa 
Scientific, Crewe, and Cheshire, UK). 

2.5.2. Plethysmography 
Body volume and density were measured using air-

displacement plethysmography (BOD POD, mod 2000, 
Life Measurement, Inc, Concord, USA). Children were in 
underwear; only a swim cap covered their hair. Metalwork 
such as piercings and jewellry was removed. Children 
were weighed on a scale calibrated to a precision of 5g. 
This system first measures the pressure in the empty 
chamber and then measures the difference with the person 
inside using a 50-liter calibration cylinder, repeating the 
measurements 2-3 times. The total body volume 
calculated with this method is used as an input in the 4C 
equation. 

2.5.3. Dual-energy X-ray Absorptiometry 
Bone mineral density was estimated with dual-energy 

X-ray absorptiometry, using a latest-generation Ghc Lunar 
Prodigy DPX-NT (Lunar Radiology, WI, USA). This 
system evaluates the entire body in a five-minute cycle. 
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The children were positioned in supine on the exam bed, 
wearing underwear and covered with a sheet. 

2.5.4. 2C Model 
The 2C model divides the body into BF and FFM. 

Isotopic dilution, plethysmography, and DEXA were used 
to produce three estimates of body composition according 
to the 2C model. 

2.5.5. 4C Model [27,28,29] 
The 4C model divides the body into fat, water, protein, 

and minerals. Because the 4C model adjusts for mineral 
content, estimates of FFM hydration fraction and density 
are more precise as compared to the 3C model. The 4C 
model is considered the "gold standard" because it 
accounts for more of the sources of variability of its 
components. This equation has been validated previously 
in children of the same age group [30]. 

The 4C model uses the following equation: 

 
( ) [ ) ( )

( )
BF Kg (2.747*BV 0.710*TBW ]

[(1.460*BMC) 2.050* W ]

= −

+ −
 

Where BV is body volume in liters (plethysmography), 
TBW is total body water in liters (isotopic dilution), BMC 
is bone mineral content in kg (DEXA), and W is body 
weight in kg. 

2.6. Cardiovascular Risk Factors 
Waist circumference in centimeters was measured using 

a non-stretch metric tape (SECA®) with automatic 
locking, measured over the border of the iliac crest, 
passing over the umbilicus. The methodology was based 
on that described by NHANES III in American population. 
[31] Diastolic (DBP) and systolic (SBP) blood pressure 
were measured in mmHg, using a mercury 
sphygmomanometer with an ad hoc sleeve, according to 
the standard methodology. [32] Cholesterol profile (HDL- 
Chol and TG in mg/dl) was determined using the dry 
analytic methodology (Vitros, Johnson & Johnson, 
Clinical diagnostics Inc.). 

Baseline insulin in uUI/dl was measured using RIA 
(RIA DCP Diagnostic Products Corporation LA USA), 
with intra-assay CV of 5,1% and inter-assay CV of 7,1% 
for 14,4 uUI/ml, and a sensitivity of 1,2 uUI/ml. Glycemia 
was measured in mg/dl, with a commercial kit using the 
GOD-PAP enzymatic colorimetric method (Química 
Clínica Aplicada S.A.). Baseline insulin sensitivity was 
calculated using the HOMA method (fasting insulin 
(uUI/dl) * Fasting glycemia (mmol/L) / 22,5). [33] The 
biochemical profiles required an 8 hour fast. For its 
determination it took venous blood samples of 10 ml. 
Samples were analyzed in a laboratory at the Institute of 
Nutrition and Food Technology (University of Chile). 

2.7. Definition of MS 
MS was diagnosed according to the Cook phenotype, 

including three or more of the following abnormalities 
[34]: waist circumference (WC) ≥ 90th percentile, blood 
arterial pressure (BAP) ≥ 90th percentile, triglycerides (TG) 
≥ 110 mg/dl, HDL- Cholesterol (HDL-Chol) ≤ 40 mg/dl, 
and fasting hyperglycemia (GI) ≥ 100 mg/dl. 

2.8. Statistical Analysis 
Descriptive statistics including minimum, maximum, 

and frequency distribution were derived for all variables. 
The Shapiro Wilk goodness-of-fit test and homogeneity of 
variance test were performed for continuous variables. 
Normal variables were expressed as mean ± standard 
deviation. Where normality criteria were not satisfied, 
variables are expressed as median and interquartile range. 
Two-way ANOVA was performed for [(2) sex x (2) 
pubertal stage] to compare physical characteristics, body 
composition and CVRF between groups. The comparison 
of the change (before-after) in the anthropometric 
variables, body composition and CVRF between the two 
groups was performed using the Student's t tests or the 
Wilcoxon test for independent samples. The McNemar 
test was used for the dependent samples to measure the 
change (before-after). The Symmetry test was used to 
evaluate the change of prevalence CVRF from baseline to 
3 months. 

The significance level was set at p < 0,05. Data were 
analyzed using STATA 12.0 (StataCorp. 2011. Stata 
Statistical Software: Release 12. College Station, TX: 
StataCorp LP.). 

3. Results 
Table 1 shows the physical characteristics, body 

composition and CVRF of the sample, by gender and 
pubertal stage. There were significant differences by 
gender and pubertal stage, although there were no 
interaction effects between the two variables. Age, 
weight, height, total body water, and bone mineral 
density were significantly higher in males. Likewise, 
values of BF (kg) and FFM (kg) in the 4C model, 
isotopic dilution, DEXA, plethysmography and systolic 
blood pressure were significantly higher among males, 
whereas females of breast III & IV had higher values for 
HOMA-IR. Regarding pubertal stage, both males and 
females in more advanced stages showed significantly 
higher values of age, weight, height, total body water, 
and bone mineral density. They also had significantly 
higher values of BF (kg) and FFM (kg) in the 4C model, 
isotopic dilution, DEXA, plethysmography, systolic blood 
pressure and diastolic blood pressure. 

Table 2 compares the groups in terms of change in 
physical characteristics, body composition and CVRF 
from baseline to 3 months. We found differences in 
schoolchildren in pubertal stages III & IV. Comparing 
males and females, the former showed significant 
reductions in BF in kg and percentage (4C Model) and 
isotopic dilution in kg. Similarly, in this groups we 
observed an increase in the FFM in kg, in the 4C Model. 

In Table 3 and Table 4, only boys of Tanner I & II 
showed a significant reduction from baseline to 3 months 
in the prevalence of CVRF (p = 0,02). In addition, we 
highlight the following reductions from baseline to three 
month post intervention: one participant with two MS 
components decreased to zero component; three children 
with two risk factors decreased to one; and six participants 
with three risk factors decreased to zero component. 

Figure 1 shows the change in the prevalence of MS 
from baseline to 3 months. A reduction in the prevalence 
of MS was observed in all groups, however, the variation 
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was significant only among boys in Tanner stage I & II (p = 0,03). 
Table 1. Physical characteristics, body composition and cardiovascular risk factors of the sample, by gender and pubertal stage 

Variable 

Boys Girls 
Genital I&II (n=19) Genital III&IV (n=14) Breast I&II (n=5) Breast III&IV (n=22) 

Genital I (n=8) Genital III (n=8) Breast I (n=4) Breast III (n=15) 
Genital II (n=11) Genital IV (n=6) Breast II (n=1) BrIV (n=7) 

Age (years)1,2 11,5 ± 1,1 13,6 ± 1,0 8,4 ± 0,8 11,5 ± 1,7 
Weight (kg)1,2 60,9 ± 13,5 76,3 ± 11,7 38,5 ± 5,1 58,2 ± 14,3 
Height (cm)1,2 149,4 ± 12,0 161,4 ± 4,8 131,1 ± 3,7 147,8 ± 8,0 

Total body water (L)1,2 26,9 ± 5,5 35,6 ± 5,0 17,8 ± 2,1 25,6 ± 5,2 
Bone mineral density (kg)1,2 1,8 ± 0,5 2,4 ± 0,3 1,2 ± 0,1 1,7 ± 0,4 

4C Model     
BF (kg) 1,2 25,3 ± 7,9 28,6 ± 9,3 14,4 ± 3,1 24,1 ± 8,5 

BF (%) 41,2 ± 6,0 36,9 ± 7,9 37,2 ± 4,3 40,4 ± 6,2 
FFM (kg)1,2 35,6 ± 7,7 47,7 ± 6,4 24,1 ± 2,6 34,1 ± 6,9 
2C Model     

Isotopic dilution BF (kg)1,2 24,8 ± 7,8 28,4 ± 8,2 15,4 ± 2,9 24,4 ± 7,8 
Isotopic dilution BF (%) 40,3 ± 5,7 36,8 ± 6,7 39,9 ± 3,6 41,3 ± 4,3 

Isotopic dilution FFM (kg)1,2 36,1 ± 7,3 47,9 ± 6,8 23,1 ± 2,7 33,8 ± 7,1 
DEXA BF (kg)1,2 25,6 ± 8,2 30,1 ± 8,8 14,8 ± 2,8 24,6 ± 8,0 
DEXA BF (%) 41,5 ± 5,6 39,0 ± 7,0 38,3 ± 3,0 41,6 ± 4,7 

DEXA FFM (kg)1,2 35,3 ± 6,7 46,2 ± 6,5 23,7 ± 2,6 33,6 ± 6,9 
Plethysmography BF (kg)1,2 27,2 ± 8,3 30,6 ± 10,5 15,2 ± 3,6 25,5 ± 9,5 
Plethysmography BF (%) 44,4 ± 6,7 39,2 ± 9,0 39,1 ± 6,1 42,6 ± 7,9 

Plethysmography FFM (kg)1,2 33,7 ± 8,0 45,7 ± 5,9 23,3 ± 7,3 32,7 ± 7,0 
Cardiovascular factors     

Waist circumference (cm) 91,8 ± 9,4 97,9 ± 9,3 77,3 ± 4,6 90,4 ± 11,3 
Systolic blood pressure (mm Hg)1,2 106,3 ± 10,4 115,0 ± 11,5 92,5 ± 5,0 107,6 ± 11,9 
Diastolic blood pressure (mm Hg)2 66,3 ± 7,2 69,6 ± 5,9 61,3 ± 2,5 66,9 ± 6,8 

Glycemia (mg/dl) 93,4 ± 15,4 90,9 ± 8,9 88,4 ± 19,4 97,8 ± 17,1 
HOMA-IR1 1,8 (1,2) 2,1 (1,2) 0,9 (1,6) 3,3 (2,5) 

Total Cholesterol (mg/dl) 175,0 (38,0) 130,0 (20,0) 159,0 (67,5) 170,0 (57,0) 
HDL-Cholesterol (mg/dl) 40,0 (14) 41,0 (16) 37,5 (12,5) 37,0 (8,0) 

Triglycerides (mg/dl) 165,5 (69,0) 131,0 (75,0) 148,5 (192,0) 140,0 (74,0) 
Data are presented as average ± standard deviation (SD) and mean (interquartile range) 
1Significant difference by gender, p<0,05, 2Significant different by pubertal stage, p<0,05. 

Table 2. Change in physical characteristics, body composition and cardiovascular risk factors of the sample, by gender and pubertal stage 

Variable 

 Girls P 
value1,2 Boys Girls P 

value1,2 
Genital I &II 

(n=19) 
Breast I&II 

(n=5)  Genital III & IV 
(n=14) 

Breast III & IV (n = 
22)  

Genital I (n = 8) Breast I (n=4)  Genital III (n=8) Breast III (n = 15)  
Genital II (n=11) Breast II (n=1)  Genital IV (n=6) BrIV (n = 7)  

Age (years) 0,3 ± 0,05 0,3 ± 0,05 0,28 0,3 ± 0,05 0,3 ± 0,04 0,74 
Weight (kg) 1,9 ± 2,4 1,0 ± 1,6 0,50 0,8 ± 2,6 1,3 ± 3,5 0,68 
Height (cm) 2,1 ± 1,1 2,0 ± 1,0 0,92 2,5 ± 1,2 1,9 ± 1,0 0,13 

Total body water (L) 0,7 ± 0,9 0,5 ± 0,6 0,71 1,0 ± 1,1 0,5 ± 1,7 0,39 
Bone mineral density (kg) 0,04 ± 0,07 0,05 ± 0,04 0,86 0,1 ± 0,1 0,09 ± 0,1 0,48 

4C Model       
BF (kg) 0,8 ± 2,8 1,0 ± 1,2 0,87 -1,8 ± 2,8 0,2 ± 2,7 0,04 
BF (%) 0,1 ± 3,9 1,6 ± 2,5 0,48 -2,8 ± 3,1 0,2 ± 3,9 0,03 

FFM (kg) 0,9 ± 2,5 0,1 ± 1,4 0,47 2,6 ± 2,2 0,6 ± 2,8 0,03 
2C Model       

Isotopic dilution BF (kg) -9,4 ± 5,4 -7,1 ± 3,1 0,42 -20,4 ± 9,1 -9,0 ± 3,9 0,00 
Isotopic dilution BF (%) -0,2 ± 2,1 -0,6 ± 2,2 0,69 -1,2 ± 2,6 -0,5 ± 1,9 0,34 

Isotopic dilution FFM (kg) 1,0 ± 1,5 0,8 ± 0,6 0,83 1,4 ± 1,4 0,7 ± 2,2 0,37 
DEXA BF (kg) 0,4 ± 1,4 0,2 ± 1,5 0,75 -0,5 ± 2,8 0,3 ± 1,6 0,27 
DEXA BF (%) -0,6 ± 1,4 -0,5 ± 1,9 0,93 -1,1 ± 2,7 -0,2 ± 2,2 0,28 

DEXA FFM (kg) 1,2 ± 1,5 0,8 ± 0,4 0,56 1,3 ± 1,6 0,5 ± 3,0 0,37 
Plethysmography BF (kg) 0,9 ± 4,2 -0,06 ± 1,6 0,67 -1,5 ± 3,0 -0,2 ± 4,1 0,33 
Plethysmography BF (%) -0,1 ± 6,3 -1,3 ± 5,1 0,75 -2,3 ± 4,0 -0,3 ± 6,6 0,32 

Plethysmography FFM (kg) 0,8 ± 3,6 1,0 ± 2,8 0,91 2,3 ± 2,9 1,0 ± 4,0 0,33 
Cardiovascular factors       

Waist circumference (cm) -0,4 ± 2,8 -1,3 ± 3,5 0,30 -0,9 ± 2,9 -0,8 ± 3,0 0,86 
Systolic blood pressure (mm 

Hg) -4,3 ± 7,4 0,0 ± 0,0 0,26 -4,2 ± 6,7 -3,3 ± 5,8 0,68 

Diastolic blood pressure (mm 
Hg) -1,3 ± 6,6 -1,3 ± 2,5 0,99 -2,7 ± 3,3 -2,6 ± 5,8 0,97 

Glycemia (mg/dl) -6,5 ± 14,6 2,1 ± 7,9 0,27 -6,5 ± 8,1 -12,5 ± 14,5 0,18 
HOMA-IR 0,5 (1,0) 0,7 (1,4) 0,61 0,2 (1,8) -0,3 (1,7) 0,35 

Total Cholesterol (mg/dl) 2,5 (20,0) -1,5 (22,5) 0,97 0,0 (16,0) -4,0 (11,0) 0,05 
HDL-Cholesterol (mg/dl) 1,0 (5,0) 3,5 (10,5) 0,46 2,0 (8,0) 1,0 (3,0) 0,96 

Triglycerides (mg/dl) -21,0 (69,0) -57,5 (147,0) 0,93 -25,0 (40,0) -17,0 (69,0) 0,51 
Data are presented as average ± standard deviation (SD) and mean (interquartile range) 1Student’s t Test 2Wilcoxon Rank sum Test 
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Table 3. Change in cardiovascular risk factors of boys at pubertal stages 

Cardiovascular risk 
factors at baseline 

Cardiovascular risk factors at 3-Month follow-up 
Tanner 11,2 Tanner 21 

0 1 2 3 4 0 1 2 3 4 
0 0 0 0 0 0 1 0 0 0 0 
1 0 0 1 1 0 1 2 0 0 0 
2 1 3 0 0 0 0 2 1 0 0 
3 0 1 6 2 0 0 0 1 3 1 
4 0 0 0 3 1 0 0 0 1 1 

Total 1 4 7 6 1 2 4 2 4 2 
1Symmetry Test 2p=0,02 

Table 4. Change in cardiovascular risk factors of girls at pubertal stages 

Cardiovascular risk factors at 
baseline 

Cardiovascular risk factors at 3-Month follow-up 
Tanner 11 Tanner 21 

0 1 2 3 4 0 1 2 3 4 5 
0 0 0 0 0 0 1 0 0 0 0 0 
1 0 1 0 0 0 1 1 1 0 0 0 
2 0 0 1 0 0 0 1 1 2 0 0 
3 0 0 0 1 1 0 2 0 3 0 0 
4 0 0 1 0 0 0 1 1 2 3 0 
5 0 0 0 0 0 0 0 0 1 1 0 

Total 0 1 2 1 1 2 5 3 8 4 0 
1Symmetry Test 

 
Figure 1. Change in prevalence of metabolic syndrome in boys and girls, from baseline to 3 months 

4. Discussion 
This study provides background on impact of exercise 

strength training interventions for obese schoolchildren 
carried out within the school system on body composition 
and CVRF, thus helping to increase the evidence available 
in both the country and the region. The 4C model 
quantifies BF and FFM more precisely than other 
methods because it directly measures mineral, water, 
and protein content rather than assuming a constant 
density of FFM. [35] In this research, it was chosen the 
4C model as the reference standard to compare the 
sensitivity of other methods to estimate body composition 
(BF and FFM) in obese schoolchildren, by gender and 

pubertal stages. Concerning the impact on body 
composition (4 C model), the strength training 
intervention produced a significant reduction in BF (kg 
and %) and a significant increase in FFM (kg) in boys in 
Tanner stages III & IV, compared to girls girls. Instead, in 
the two-compartment model, a significant difference was 
also observed when comparing the reduction in BF (kg) in 
boys and girls, being higher in boys in Tanner III & IV. 
These findings are consistent with those provided by 
Ferguson et al. [36]. According to these authors, the effect 
of a 4 months of strength training exercise in obese 
children aged 7 to 11 years, reduced BF by 2,2% (p < 
0,001). Similarly, a case-controlled intervention 
comprising strength training physical exercise intervention 
over ten weeks in overweight children aged 5 to 10 years 
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result in a significant reduction in BF in the intervention 
group (p < 0,01) [37]. A similar outcome was observed 
after a four-month exercise program for obese children 
aged 7 to 11 years; reductions in percentage of BF were 
higher than 2% in the intervention group (p < 0,01). [38] 
McGuigan et al. [39] studied the effect of an eight-week 
strength training program in children with overweight or 
obesity, finding a reduction in BF of 2,6% (p = 0,003). 

The research in children show that this type of exercise 
significantly lowers central and total adiposity, increases 
lean mass, and improves muscular strength. [40,41] 
However, an extensive review of the literature on the 
effect of physical exercise on obese children conclude that 
the magnitude of change in BF and FFM after exercise is 
associated with initial BF as well as the intensity and type 
of exercise [42,43,44] 

In Chilean children and adolescents, the prevalence 
of MS is proportional to excess body weight (6.5% 
and 40.3% in overweight and severe obese children, 
respectively), whereas abdominal obesity increases the 
risk of MS by 17 times. [45] In Figure 1, both groups 
(girls and boys Tanner I-IV) showed lower rates of of MS, 
although the reduction was significant only among boys in 
Tanner I & II (p = 0,03). In the same groups we also 
observed a significant reduction in the number of risk 
factors after the intervention (p = 0,02) (Table 3), (Table 
4). All groups achieved a reduction in abdominal obesity 
and hypertriglyceridemia, as well as a decrease in 
fasting hyperglycemia in boys in Tanner I-IV and girls 
in Tanner III & IV 

Also, a decrease in total cholesterol in girls in Tanner 
I-IV along with an increase in HDL-Colesterol in boys 
and girls of Tanner I-IV were observed. 

Similar results were reported in a research, in which a 
physical exercise intervention over a 6 weeks period led 
to a reduction in abdominal obesity (p < 0,02) and total 
cholesterol levels (p < 0,05). [6] Doyle et al. [37], whose 
intervention consisted of high- intensity physical exercise 
as well as nutritional and dietary education for children 
and their parents over 10 weeks, found a significant 
decrease in triglyceride levels in the intervention group as 
compared to the controls (p = 0,0467). Chang et al. [47] 
showed a decrease in the prevalence of fasting 
hyperglycemia, from 23,5% before intervention to 9% at 3 
months and 0% at 9 months in the intervention group, vs. 
an increase from 23,1% at baseline to 29,4% at 12 months 
in the control group. 

National and international studies concur that 
children's compliance rates with obesity treatment 
programs provided within the health care system are 
low. [48,49] The studies described above used 
conventional, individual treatment, in which the child is 
required to attend monthly or weekly sessions at a 
health care center. This design may partly explain the 
high attrition rate. 

A strength of this study was that the program was 
provided in a group setting and targeted to obese 
schoolchildren. This design improved compliance and 
maintenance rates of the strength training exercise 
program over time. 

A potential limitation is that the exposure-response 
relationship for the variable could not be analyzed due to 
the quasi- experimental design, resulting in a quality of 
evidence categorized as moderate rather than high as 

compared to randomized studies. [50] Thus, our results, 
although valid in our sample, cannot be generalized to the 
target population (obese school children aged 8 to 13). To 
achieve this type of findings, we recommend an 
effectiveness study. 

5. Conclusions 
This research measures the positive impact of a 

strength training physical exercise program on reductions 
of BF, MS, and CVRF. This program was provided in a 
group setting and designed especially for obese 
schoolchildren, which improved compliance and 
maintenance rates of the strength training exercise 
program. However, this kind of training in should be 
provided to all children within the school system, 
regardless of their nutritional status, to allow sustainability 
over time. 
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