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Effects of physical exercise and nutritional 
guidance on metabolic syndrome in obese 
adolescents 
Efeito do exercício físico e da orientação nutricional na síndrome metabólica  
em adolescentes obesos

Leite N1, Milano GE1, Cieslak F1, Lopes WA1, Rodacki A1, Radominski RB2

Abstract

Objectives: To analyze the effects of physical exercise and nutritional guidance on body composition, physical fitness, lipid profile and 

insulin resistance among obese adolescents with and without metabolic syndrome. Methods: Sixty-four obese adolescents (26 boys), 

10-16 years of age, were divided into two groups: with metabolic syndrome (n=29) and without metabolic syndrome (n=35). They were 

classified as having metabolic syndrome if they met three or more criteria for age and sex according to the Adult Treatment Panel III 

(ATP III). Blood pressure, waist circumference, maximum oxygen uptake (VO2peak), blood glucose, blood insulin, homeostatic model 

assessment (HOMA-IR), quantitative insulin sensitivity check index (QUICKI) and lipid profile were assessed at baseline and after 12 

weeks of intervention. Both groups participated in 12 weeks of physical education and two nutritional guidance sessions. Each physical 

education session consisted of 50 min indoor cycling, 50 min of walking/running and 20 min of stretching, three times a week. Results: 

Fifty-five participants (with metabolic syndrome=25; without metabolic syndrome=30) completed the treatment. After 12 weeks, both 

groups showed reductions in body weight, BMI z-score, waist circumference, fat mass and triglycerides; and increases in height, 

HDL-C and VO2peak (p<0.05). In addition, the group with metabolic syndrome presented reduced systolic blood pressure and increased 

insulin sensitivity (p<0.05). The risk factors for metabolic syndrome decreased by 72%. Conclusion: Following the multidisciplinary 

intervention, the risk factors decreased, with improvements in physical fitness and metabolic profile. The multidisciplinary intervention 

was effective in reducing metabolic syndrome. 
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Resumo

Objetivos: Analisar os efeitos de exercícios físicos (EF) e orientação nutricional (ON) sobre a composição corporal, aptidão física, perfil 

lipídico e resistência insulínica em adolescentes obesos com e sem síndrome metabólica (SM). Métodos: 64 obesos (26 meninos), com 

idade entre 10 a 16 anos, divididos em dois grupos: com SM (n=29) e sem SM (n=35). Utilizou-se como critério de classificação de SM 

a presença de três ou mais critérios para idade e sexo de acordo com Adult Treatment Panel III (ATP III). Mensuraram-se antes e após 

12 semanas de intervenção: pressão arterial, circunferência abdominal, consumo máximo de oxigênio (VO2pico), glicemia, insulinemia, 

Homeostatic Metabolic Assessments (HOMA-IR), Quantitative Insulin Sensitivity Check Index (QUICKI) e perfil lipídico. Os dois grupos 

participaram de 12 semanas de EF e duas sessões de ON. Cada sessão de EF consistiu em 50 minutos de ciclismo indoor, 50 minutos 

de caminhada e 20 minutos de alongamento, três vezes por semana. Resultados: 55 sujeitos (com SM=25; sem SM=30) completaram 

o tratamento. Após 12 semanas, houve diminuição na massa corporal, IMC escore-z, circunferência abdominal, massa gorda, TG e 

aumento na estatura, HDL-C e VO2pico, em ambos os grupos. Além disso, houve uma redução na pressão arterial sistólica, aumento na 

sensibilidade à insulina (p<0,05) no grupo com SM. Os fatores de risco para SM diminuíram em 72%. Conclusão: Após a intervenção 

multidisciplinar, houve uma redução nos fatores de risco, melhorando a aptidão física e perfil metabólico. A intervenção multidisciplinar 

foi efetiva para redução da SM.

Palavras-chave: doenças cardiovasculares; exercício físico; obesidade.

Received: 21/05/2008 – Revised: 25/08/2008 – Accepted: 10/11/2008

1 Graduate Program in Physical Education, Department of Physical Education, Universidade Federal do Paraná (UFPR), Curitiba (PR), Brazil
2 Graduate Program in Internal Medicine, Department of Medicine, UFPR

Correspondece to: Neiva Leite, Departamento de Educação Física, Núcleo de Pesquisa em Qualidade de Vida, UFPR, Travessa Coração de Maria, 92, BR 116 - km 95 - Jardim Botânico, 

CEP 80215-370, Curitiba (PR), e-mail: neivaleite@gmail.com

73
Rev Bras Fisioter. 2009;13(1):73-81.

73



Introduction 
Metabolic syndrome is characterized by the presence of 

cardiovascular risk factors, associated with the development 
of atherosclerotic cardiovascular disease and type 2 diabetes1. 
The prevalence of metabolic syndrome in children and adoles-
cents is associated with obesity2,3 and increased serum insulin 
levels4. Diagnosis and treatment of metabolic syndrome are 
important in pediatric populations because obesity-related 
problems may appear early in childhood and persist into adult-
hood3, with high levels of morbidity and mortality5.

Regular physical activity and nutritional guidance are among 
the therapeutic actions used to reduce metabolic syndrome in 
adults5-6. Exercise and nutritional interventions seem to be a 
suitable, if not ideal, therapy for metabolic syndrome5, because 
aerobic exercises7 and weight loss8-10 modulate insulin sensi-
tivity5 and influence cardiovascular risk factors1,11-13. Although 
exercise is an important factor influencing metabolic syndrome 
and obesity5-6, only a few interventional studies have applied ex-
ercise as therapeutic treatment for children3 and adolescents5-14 
with cardiovascular risk factors. In addition, these studies have 
not used clear criteria to diagnose metabolic syndrome. 

The prevalence of metabolic syndrome in children has been 
diagnosed using criteria designed for adults2-4,15-18 and are gen-
erally based on the presence of three or more chronic diseases 
such as cardiovascular disease, dyslipidemia, arterial hyperten-
sion, insulin resistance and type 2 diabetes mellitus. Taking these 
adult-based criteria, the prevalence of metabolic syndrome may 
reach more than 50% in a severely obese pediatric population2,14 
because obesity is closely related to all these risk factors.

To the best of the authors’ knowledge, the effect of exercise 
intervention programs on adolescents with metabolic syndrome 
has been little investigated19. This is especially true because 
such investigations require a multidisciplinary team and long-
term study to detect the changes induced in this population20-21. 
Thus, the aim of the present study was to evaluate the effect 
of physical training and nutritional guidance on body composi-
tion, physical fitness, lipid profile and insulin resistance among 
obese adolescents with and without metabolic syndrome. It 
was hypothesized that the participants with metabolic syn-
drome would achieve reductions in the metabolic indicators 
and insulin resistance, in comparison with the other group.

Methods 

Participants

Sixty-four obese participants aged between 10 and 16 
years, with body mass index (BMI) greater than the 90th 

percentile (CDC, 2000)22, were recruited from the pediatric 
endocrinology outpatient clinic and from five public schools 
in the vicinity of the hospital (within 2 km). Participants were 
invited to participate in the intervention group on the basis 
of their BMI, and their agreement to participate depended 
on their availability and parental permission. The study was 
granted approval by the Ethics Committee of Universidade 
Federal do Paraná (protocol no. CEP/HC 765.184/2003-11). 
Participants were excluded if they presented: diabetes; use 
of medication to control blood pressure, glucose levels or 
lipid metabolism; use of drugs that influence appetite (e.g. 
glucocorticoids, insulin sensitizers or psychotropic drugs); or 
orthopedic limitations (e.g. fracture or injury). 

The participants were allocated to one of the two experi-
mental groups: obese with metabolic syndrome (WMS) (n=29) 
and obese without metabolic syndrome (NMS) (n=35). Fifty- five 
participants completed the 12 weeks of the intervention proto-
col with at least 60% attendance. The number of dropouts was 
similar in the two groups (WMS, n=25; NMS, n=30). 

The procedures for calculating the sample size were based 
on data from our study and the effect size calculated was 0.7 
(power=0.80; alpha=0.05), yielding a total of 21 participants for 
each group.

Intervention design 

The obese children and adolescents were invited to partici-
pate in a three-month exercise and nutritional program. The 
intervention consisted of aerobic exercise and a nutritional 
program for managing obesity and metabolic syndrome. The 
professionals involved in the program included a physiologist, 
a nutritionist, six physical educators, two physicians and three 
nurses. All measurements were performed before and after the 
treatment, in both groups. 

Anthropometry 

Weight was measured to the nearest 0.1kg (Filizola, São 
Paulo, SP, Brazil). Height was measured to the nearest 0.1cm 
(Ayrton Corporation). Height and body weight were measured 
on the same day. The body mass index (BMI) was calculated as 
the weight in kilograms divided by the square of the height in 
meters. The BMI was converted to z-scores by subtracting the 
value corresponding to the 50th percentile of BMI, divided by 
the standard deviation for the population, in accordance with 
figures released by the CDC, for all ages and both genders22. 

The waist circumference was measured in centimeters us-
ing a non-extendable flexible tape, with precision of 0.1cm. The 
tape was applied above the iliac crest, parallel to the ground, 
with the individual standing with the abdomen relaxed, arms 
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along the body and feet together. The cutoff was taken as the 
75th percentile, or greater according to age and sex23.

In addition, body composition was determined by bioelec-
trical impedance using a tetra polar machine (Biodynamics). 
Body composition measurements were made in the morning, 
after 10 to 12 hours of overnight fasting. The fat-free mass, fat 
mass and percentage of body fat mass (%BF) were calculated 
using the equations validated by Houtkooper et al.24.

Diagnosis of metabolic syndrome 

Metabolic syndrome was diagnosed using the Adult Treat-
ment Panel (ATP III) criteria, which consider the presence 
of three or more of the five criteria for age and gender: HDL-
cholesterol (HDL-C) <45 mg/dl; triglyceride concentration 
≥100mg/dl25, waist circumference ≥75th percentile23, fasting 
glucose concentration ≥100mg/dl26 and systolic or diastolic 
blood pressure ≥90th percentile27. 

Metabolic variables

Blood samples were collected in the pediatric endocrinol-
ogy unit at around 7:30 a.m., after a period of at least 12 hours 
of fasting. Glucose tolerance, insulin, triglycerides, total choles-
terol and fractions were measured using automated standard 
methods. Glucose (glucose 120) and insulin (insulin 120) mea-
surements were repeated after two hours of glucose overload. 
Insulin resistance was assessed by means of the homeostatic 
model assessment (HOMA-IR) index. 

HOMA-IR was calculated as ( fasting blood glucose [µU/ ml] 
x insulin [mMol/l]/22.5)28. The quantitative insulin sensitivity 
check index (QUICKI) was determined in order to evaluate 
insulin sensitivity29. QUICKI was calculated as 1/[log ( fasting 
insulin)(mU/ml) x log ( fasting blood glucose) (mMol/l)]29.

Blood pressure 

Blood pressure was measured in the right arm using an an-
eroid sphygmomanometer (Welch Allyn, Arden, NC, USA), with 
the appropriate cuff size for the individual’s arm circumference, 
with the participants in the seated position, after 10 minutes of 
rest. The first sound was used to define systolic blood pressure, 
and the disappearance of sound was used to define diastolic 
blood pressure. The values obtained were classified according to 
the tables of specific percentiles for children and adolescents30.

Aerobic fitness (VO2peak) 

The participants’ aerobic fitness was measured during a 
cycling task on a cycle ergometer and during a walking task on 

a treadmill, following the protocol suggested by Mc Master31. 
The cycling frequency was 60 rpm, with a starting load of 25W 
that was gradually increased until reaching the participants’ 
maximum effort. The treadmill assessment followed a modi-
fied version of Balke’s protocol32. A minimum of 24 hours and 
a maximum of one week between the aerobic fitness tests 
were imposed.

For the cardiorespiratory analysis, a direct gas analyzer 
was used, with the respiratory and metabolic variables meas-
ured through respiratory gas exchanges with a computerized 
(Intel 486, DX2, 66 MHz) metabolic system (Vista XT meta-
bolic system, USA), which provided information on oxygen 
uptake (VO2), carbon dioxide production (VCO2), pulmonary 
ventilation (VE), respiratory equivalents of oxygen (LV/VO2) 
and carbon dioxide (LV/VCO2), and respiratory exchange 
ratio (RER=VCO2/VO2). These variables were monitored ev-
ery 15 seconds. Heart rate was monitored using a heart beat 
monitor (Polar – A1).

In order to determine whether the VO2 attained was the 
maximum, at least two of the following criteria were observed: 
a) exhaustion or inability to maintain the required speed; b) 
RER>1.3; c) maximum heart rate (HRmax>190 bpm). 

Intervention

Exercise protocol
All participants in both groups were required to attend 

exercise sessions on a regular basis (two to three times per 
week, for 12 weeks). The exercises consisted of 50 minutes of 
indoor cycling, 50 minutes of outdoor walking/running and 
20 minutes of stretching exercises, which were conducted by 
a certified and experienced physical fitness instructor. The 
exercise prescription was based on the data collected from 
the baseline treadmill test. During the first four weeks (12 
sessions), the intensity was set at 35-55% of VO2peak, and this 
was increased to 55-75% during the last weeks. Heart rate 
was monitored during all the sessions, every 15 minutes. 
Instructors encouraged and helped participants to increase 
their exercise intensity, in order to maintain their heart rate 
within the target zones.

Nutritional protocol
The obese participants with and without metabolic syn-

drome received nutritional guidance four times during the 
program, twice in individual sessions (baseline and after 12 
weeks) and twice in groups ( fourth and eighth weeks). The par-
ticipants’ diets were monitored by means of three-day dietary 
recall, in accordance with the standards of the American Di-
etetic Association33. The prescribed nutritional guidance was 
based on an exchange list, by reducing 500 kilocalories (kcal) 
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from the calorie total in the diet, in order to promote a 0.5kg 
reduction per week (2kg per month)34. 

Clinical evaluation 

The medical follow-up included the initial medical history, 
physical examination, pubertal developmental stage35 and ap-
propriate tests followed by regular clinical surveillance by a 
pediatrician and an endocrinologist before and after the inter-
vention. All patients underwent multidisciplinary therapy.

Statistical procedures

Standard descriptive statistics were calculated for all 
variables. The normality of the data distribution was deter-
mined using the Shapiro-Wilk test and the homogeneity of 
the variance of these data was assessed using Levene’s test. 
Log10 transformations were used to normalize non-normally 
distributed variables (systolic blood pressure, diastolic blood 
pressure, total cholesterol, HDL-C, LDL-C, triglycerides, 
glucose and QUICKI). Untransformed data were used to fa-
cilitate interpretation. The lack of significant differences be-
tween the genders (p>0.05) made it possible to discard sexual 
differences. Multivariate 2x2 analysis of variance (MANOVA) 
for repeated measurements was used to examine differences 
and treatment effects (group x time). Mauchly’s test was used 
to determine whether sphericity was violated (<0.75). Green-
house-Geiser adjustments were made to p values for treat- to p values for treat-to p values for treat-
ment effects to account for potential violations of repeated 
measures. The alpha level was set at 5% for all comparisons 
and the statistic analyses were conducted using specific soft-
ware (Statistica version 5.5).

Results 
The prevalence of metabolic syndrome was 45% among all 

the participants. After 12 weeks, the dropout (14%) and adher-
ence (86%) rates were the same for both groups (obese par-
ticipants with metabolic syndrome: n=25; obese participants 
without metabolic syndrome: n=30). There were no differences 
in the proportions of girls and boys between the two groups, ei-
ther at the start (χ2=2.71; p=0.10) or at the end (χ2=2.71; p=0.10) 
of the study.

The participants’ initial conditions were similar between 
the groups, with regard to all the variables selected. Before 
the training program, the obese participants with metabolic 
syndrome showed higher total body mass (p=0.008), %BF 
(p<0.001) and fat mass (p<0.001) and lower VO2peak relative 
to body weight (VO2peak ml/kg/min) (p=0.001) than the obese 

participants without metabolic syndrome. In addition, systolic 
blood pressure (p=0.002), diastolic blood pressure (p<0.001), in-
sulin (p=0.012), triglycerides (p<0.001) and HOMA-IR (p=0.027) 
were higher in the obese participants with metabolic syn-
drome than in those without the syndrome. QUICKI was lower 
(p=0.030) in the obese participants with metabolic syndrome 
than in those without the syndrome. The other metabolic vari-
ables (triglycerides, HDL-C and LDL-C) were similar (p>0.05) 
in the two groups at baseline.

After the training period, the obese participants with meta-
bolic syndrome showed significant reductions in total body 
mass (p=0.001), BMI z-score (p<0.001), waist circumference 
(p<0.001), %BF (p=0.001), fat mass (p=0.001), resting heart rate 
(p=0.003) and HRmax (p=0.022), compared with their respec-
tive baseline values. Height (p<0.001) and VO2peak ml/kg/min 
increased (p=0.011) in comparison with baseline values. The 
fat-free mass remained unchanged (p>0.05) in the obese par-
ticipants with metabolic syndrome after training.

The obese participants without metabolic syndrome 
showed significant reductions in total body mass (p=0.001), 
BMI z-score (p<0.001), waist circumference (p<0.001), %BF 
(p=0.001), fat mass (p=0.001), RHR (p=0.019) and HRmax 

(p=0.001) after the training period. As with the obese partici-
pants with metabolic syndrome, height (p<0.001) and VO2peak 

ml/kg/min (p<0.001) also increased after training among the 
obese participants without metabolic syndrome. The fat-free 
mass was unchanged after training (p>0.05). Conversely, 
VO2peak adjusted for fat-free mass (ml/kgFFM/min) increased 
(p=0.002) in response to training. 

Comparison of the training effects between the groups 
showed the reductions in total body mass (p=0.012) and BMI 
z-score (p=0.01) and the increases in fat-free mass (p=0.04) 
among the obese participants without metabolic syndrome 
were greater than among those with the syndrome. The anthro-
pometric and physical fitness profiles are shown in Table 1.

Table 2 shows the metabolic and lipid profiles. The obese 
participants with metabolic syndrome showed significant reduc-
tions in triglycerides (p<0.001), glucose 120 (p=0.005), insulin 120 
(p<0.001) and systolic blood pressure (p=0.024) and increases in 
HDL-C (p<0.001) and QUICKI (p=0.021) after 12 weeks of train-
ing. There were no differences (p>0.05) in diastolic blood pres-
sure, total cholesterol, LDL-C, glucose, insulin and HOMA-IR. 
The obese participants without metabolic syndrome presented 
significant reductions in triglycerides (p=0.004), glucose 120 
(p=0.001) and insulin 120 (p=0.01) and an increase in HDL-C 
(p<0.001) in response to training. There were no differences 
(p>0.05) in systolic blood pressure, diastolic blood pressure, total 
cholesterol, LDL-C, glucose, insulin, HOMA-IR and QUICKI.

Comparison between the groups showed the reduc-
tions in systolic blood pressure (p=0.001), diastolic blood 
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pressure (p=0.003), triglycerides (p<0.001), insulin (p=0.015) 
and HO MA-IR (p=0.013) and increases in QUICKI (p=0.013) 
among the obese participants with metabolic syndrome were 
greater than among those without the syndrome, following 
the experimental procedures. However, the glucose 120 level 
decreased (p=0.037) and the HDL-C level increased (p=0.010) 
more among the obese participants without metabolic syn-
drome than among those with the syndrome.

The prevalence of metabolic syndrome decreased from 
45% before training to 13% after training. Among the obese 

participants with metabolic syndrome, the presence of risk 
factors for metabolic syndrome decreased in 18 (72%) of the 25 
adolescents (p<0.0001). The analysis on changes in risk factors 
for metabolic syndrome is summarized in Figure 1. There were 
reductions in fasting triglyceride concentrations <100 mg/dl 
in 11 participants (55%, p=0.0126), glucose <100 mg/dl in two 
participants (29%), waist circumference <75th percentile in one 
participant (4%) and systolic or diastolic blood pressure <90th 
percentile in five participants (38%). There were increases in 
HDL-C level >45 mg/dl in 12 participants (57%, p=0.007).

Variable
WMS (n=25) NMS (n=30)

WMS versus 
NMS

Before (n=25) After (n=25) F p value Before (n=30) After (n=30) F p value F p value
Total body mass (kg) 81.86±15.69a,c 79.78±15.77a,c 14.040 0.001 72.60±10.89b,c 70.44±10.72b,c 22.967 <0.001 6.765 0.012
Height (cm) 162.80±8.15a 164.36±8.37a 45.056 <0.001 159.83±7.45b 161.33±7.12b 30.875 <0.001 2.064 NS
BMI z-score 3.45±1.08a,c 2.98±1.13a,c 43.103 <0.001 2.70±0.96b,c 2.25±0.96b,c 92.472 <0.001 7.158 0.010
WC (cm) 99.83±11.80a 96.50±11.87a 20.035 <0.001 95.04±9.68b 90.20±10.06b 50.972 <0.001 3.705 NS
% BF 37.47±5.26a 34.99±6.42a 14.062 0.001 37.27±4.60b 35.55±4.60b 14.097 0.001 0.141 NS
FM (kg) 30.89±9.34a 27.60±9.36a 22.495 <0.001 27.17±6.09b 25.67±6.60b 13.600 0.001 0.970 NS
FFM (kg) 50.37±8.77c 49.64±7.79c 0.384 NS 45.32±6.16c 45.72±5.85c 3.730 NS 4.399 0.041
RHR (bpm) 82.20±10.88a 74.88±9.76a 10.915 0.003 77.60±8.24b 73.46±8.23b 6.153 0.019 2.045 NS
RHmax (bpm) 195±10.19a 192±8.78a 6.024 0.022 184±11.14b 183±11.43b 12.616 0.001 0.994 NS
VO2peak l/min 2.93±0.54 3.05±0.61 1.607 NS 2.65±0.58 2.74±0.60 2.210 NS 3.791 NS
VO2peak. ml/kg/min 33.44±4.51a 36.91±6.98a 7.608 0.011 33.38±5.62b 37.48±6.60b 35.476 <0.001 0.032 NS
VO2max. ml/kgFMM/min 54.10±6.78 57.67±8.17 2.085 NS 53.79±7.19b 56.77±7.08b 11.984 0.002 0.447 NS

Table 1. Anthropometric and physical fitness profiles of obese adolescents – with metabolic syndrome (WMS) and without metabolic 
syndrome (NMS).

WC - waist circumference; %BF - percentage of body fat mass; FFM - Fat-free mass; FM - fat mass; RHR - resting heart rate; HRmax - maximum heart rate; a Significant difference after 
12 weeks in the group with metabolic syndrome; b Significant difference after 12 weeks in the group without metabolic syndrome; c Significant difference in the interaction effect between 
WMS and NMS groups.

Variable
WMS (n=25) NMS (n=30)

WMS versus 
NMS

Before (n=25) After (n=25) F p value Before (n=30) After (n=30) F p value F p value
SBP (mmHg) 114.80±17.28a,c 107.20±14.16a,c 5.815 0.024 99.73±9.07c 99.46±9.55c 0.017 NS 13.713 0.001
DBP (mmHg) 74.64±11.39c 70.56±13.86c 3.264 NS 64.26±6.92c 65.93±7.60c 1.052 NS 10.016 0.003
TC (mg/dl) 163.04±31.43 160.64±33.52 0.592 NS 147.16±27.01 147.13±27.81 0.000 NS 3.593 NS
HDL-C (mg/dl) 39.88±6.68a,c 46.92±8.26a,c 22.444 <0.001 43.86±6.04b,c 52.00±8.39b,c 30.818 <0.001 7.043 0.010
LDL-C (mg/dl) 92.96±28.20 93.60±28.09 0.042 NS 86.86±22.10 82.20±22.12 3.538 NS 1.818 NS
TG (mg/dl) 151.04±63.13a,c 100.44±42.43a,c 23.055 <0.001 83.72±46.14b,c 64.40±26.63b,c 10.126 0.004 21.472 < 0.001
Glucose (mg/dl) 93.32±9.55 93.00±8.72 0.045 NS 89.26±6.90 90.73±7.83 1.065 NS 2.568 NS
Glucose 120 (mg/dl) 106.68±19.39a,c 97.44±17.63a,c 9.686 0.005 98.56±15.48b,c 88.70±12.55b,c 14.469 0.001 4.574 0.037
Insulin (µUI/ml) 19.62±8.47c 17.51±9.52c 2.791 NS 14.59±6.80c 12.79±6.36c 2.683 NS 6.337 0.015
Insulin 120 (µUI/ml) 74.75±39.21a 49.02±31.07a 18.061 <0.001 60.17±57.11b 40.74±28.91b 7.566 0.010 1.292 NS
HOMA-IR 4.50±2.06c 4.00±2.11c 2.624 NS 3.24±1.61c 2.93±1.58c 1.250 NS 6.642 0.013
QUICKI 0.31±0.02a,c 0.32±0.02a,c 6.070 0.021 0.33±0.03c 0.33±0.03c 1.666 NS 6.599 0.013

Table 2. Metabolic, hemodynamic and lipid profiles among obese adolescents – with metabolic syndrome (WMS) and without metabolic 
syndrome (NMS).

Systolic blood pressure (SBP); diastolic blood pressure (DBP); total cholesterol (TC); triglycerides (TG); a significant difference after 12 weeks in the group with metabolic syndrome; 
b significant difference after 12 weeks in the group without metabolic syndrome; c significant difference in interaction effect between WMS and NMS groups.
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Figure 1. Variables in metabolic syndrome criteria before and after physical training in group with metabolic syndrome (WMS).
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Discussion 
The present study is in accordance with previous findings 

among adults6 and adolescents5,13,15, i.e. that a 12-week physi-
cal training and nutritional guidance was successful in de-
creasing risk factors and metabolic syndrome among obese 
adolescents. These data must be viewed with caution because 
the criteria applied for diagnosing metabolic syndrome were 
derived from an adult population15. Recently, a criterion for 
diagnosing metabolic syndrome among adolescents was 
presented36. However, regression analysis obtained from a 
healthy adult population was used and the data still need 
to be experimentally confirmed for adolescents. The present 
study acknowledges the importance of using adolescent data 
for diagnostic purposes; however, no other studies have ap-
plied such criteria and there is no evidence that the regres-
sion analysis reflects such populations. Thus, we preferred to 
compare the results from the present study with those con-
ducted on adult populations.

The physical training prescription of the present study was 
based on the prescription by the American College of Sports 
Medicine (ACSM)37 for obese adults, and on previous research 
among obese pediatric populations. It has been suggested that 
moderate aerobic training at least twice a week for at least six 
weeks may improve the metabolic profile6,16,18 and cardiovascu-
lar fitness1,7,12,13,20,38. 

Our proposal consisted of a workload of 120 min/week of 
moderate physical activity (40 to 75% of VO2peak), divided into 

three weekly sessions, combined with nutritional guidance. The 
aim was to eliminate 500 kilocalories (kcal) from the calorie 
total of the diet for 12 weeks. Both the exercises and the nutri-
tional guidance were effective in promoting important changes 
to a number of health-related parameters. 

Anthropometric variables have been described as impor-
tant risk factors and have been used as health indicators. Thus, 
changes in these variables may reflect a reduction in the degree 
of metabolic syndrome. Regular exercise has been reported to 
be an efficient way of reducing total body mass, BMI, BMI z-
score, waist circumference, fat mass and %BF among children 
and adolescents1,10,12,13,30. Among adults, a total body mass loss of 
7% has been associated with reduced incidence of chronic de-
generative diseases such as diabetes mellitus type II39. Recently, 
some studies9,39 used a reduction of 0.5 in BMI z-score to evaluate 
the metabolic response to physical training among children and 
adolescents. Weiss et al.14 found that an increase of 0.5 in BMI z-
score was associated with a greater chance of having metabolic 
syndrome in a pediatric population, but did not carry out an inter-
vention program to change this parameter. The training program 
conducted in the present experiment was successful in reducing 
total body mass in both groups (obese participants with meta-
bolic syndrome=2.5% and those without the syndrome=3%) and 
BMI z-score (obese participants with metabolic syndrome=0.47 
and those without the syndrome=0.45), nearing the recom-
mended values9,14,40 by the end of the intervention period. The 
similar fat-free mass after the intervention period in the two 
groups has also been described in other studies12,41. Despite the 
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decrease in total body mass among the obese adolescents, this 
last finding is an important result in our study, because it shows 
that lean mass was preserved in this multidisciplinary weight 
loss program. In addition, there were reductions in waist cir-
cumference (obese participants with metabolic syndrome=3.3%; 
those without the syndrome=5.1%). It has been suggested that 
this reduction is an important component that influences pe-
diatric metabolic syndrome, as it reflects abdominal fat excess 
and is closely related to cardiovascular diseases41. Therefore, the 
data of the present study have provided arguments to conclude 
that obese adolescents’ response to a program of physical activ-
ity consists of a change in visceral obesity and a decrease in the 
risk factors for metabolic syndrome.

VO2peak increases slightly with age during childhood. In 
contrast, there is a decrease in aerobic power and physical 
activity levels during adolescence1. Kaufman et al.13 showed 
that the response to aerobic training among sedentary 
overweight children is different (28% increase in VO2peak) to 
the response among sedentary adolescents13, thus empha-
sizing the importance of the training effect and indicating 
that the increase in VO2peak cannot be explained only by 
growth. Our results are in line with other studies, since both 
groups responded positively to exercise and presented in-
creases in VO2peak L/min (obese participants with metabolic 
syndrome=4.1% and those without the syndrome=3.4%) 
and a reduction in RHR. Improvements in cardiorespiratory 
parameters were also demonstrated by reductions in rest-
ing HR and the use of more intense workloads. Better heart 
and muscle function probably played a role in this improved 
performance37. There was an inverse relationship between 
aerobic fitness and fat content, in which both were signifi-
cantly related to the lipid profile1. This reinforces the impor-
tance of exercise as a therapeutic strategy for reversing the 
adverse effects of lack of exercise among obese adolescents. 
It was reported previously41 that a multidisciplinary weight 
reduction program including regular exercise in combina-
tion with nutritional guidance may reduce total and ab-
dominal adiposity and improve cardiorespiratory fitness, 
thereby preserving fat-free mass in obese adolescents. 

Obesity has been correlated with higher levels of blood 
pressure, total cholesterol and triglycerides, and lower levels of 
HDL-C in youths1, particularly those with greater visceral adi-
posity42. The effects of exercise on cardiovascular risk factors 
among adults6 and pediatric populations11 have been investi-
gated. Regular physical exercise may not reduce total choles-
terol and LDL-C fraction levels, but it changes the quality of 
LDL-C subfractions, thereby increasing the concentrations of 
large LDL-C and reducing the concentration of small LDL-C11. 
The most significant effects of physical activities are observed 
in HDL-C and triglyceride levels1,3. Both groups in the present 

study improved their lipid profiles after the intervention, as 
reported by others3,7,11. The HDL-C levels increased by 17.65% 
among the obese participants with metabolic syndrome and 
by 18.56% among those without the syndrome. The triglyc-
eride levels fell by 33.5% among the obese participants with 
metabolic syndrome and by 23.08% among those without the 
syndrome. In contrast, total cholesterol and LDL-C levels did 
not change after 12 weeks of intervention in either group. 
However, the benefits of regular exercise for reducing systolic 
blood pressure were more evident among the obese partici-
pants with metabolic syndrome. The positive changes found 
in our study can be explained by better body fat distribution 
(reductions in total body mass and waist circumference, and 
unchanged fat-free mass) and increased physical fitness due 
to training. Physical training and nutritional guidance prob-
ably produced a healthy lifestyle. 

There are few studies describing the effects of physical 
exercises and balanced eating habits on insulinemia among 
children and adolescents7,11. Physical activity enhances the 
insulin action/effect because of several adaptive mechanisms 
in muscle, adipose, hepatic and endothelial tissues43. Hardin 
et al.3 found a reduction in fasting insulinemia in participants 
who followed a physical training or diet program, compared 
with a control group. Reinehr et al.40 studied 42 obese children 
and showed that after a one-year intervention, including physi-
cal activity and nutritional education, there was a reduction in 
insulinemia and HOMA-IR only among those whose reductions 
in BMI z-score were ≥0.5. In a study by Kang et al.11, obese par-
ticipants aged 13 to 16 years followed an eight-month physical 
training and nutritional guidance program and did not show 
any changes in fasting insulinemia, probably because they did 
not present significant reductions in %BF and abdominal adi-
posity. In the present study, both groups showed reductions in 
total body mass, %BF and waist circumference; however, their 
baseline insulin and HOMA-IR levels were unchanged after the 
physical training and nutritional guidance. In contrast, both 
groups showed decreased glucose and insulin levels after 120 
min of glucose overload. The reductions were probably associ-
ated with better adaptive mechanisms in tissues, which caused 
the glucose overload to disappear quickly. In addition, the 
obese participants with metabolic syndrome showed increases 
in QUICKI after the 12-week intervention, thus indicating im-
provement in insulin sensitivity. The benefits of physical train-
ing are more evident among participants who suffered from 
previous vascular or lipid modifications, in comparison with 
those without such complications11,21.

The results from the present study must be viewed with cau-
tion because of the short duration of the intervention and the 
small number of participants; however, our study applied a mul-
tidisciplinary program as therapeutic treatment for adolescents 
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with metabolic syndrome. One limitation of our study was the 
lack of a control group without physical exercise or nutritional 
guidance. However, it should be mentioned that the original ob-
jective of the present study was to compare the effects of physi-
cal exercise and nutritional guidance on metabolic syndrome 
among obese adolescents and controls without metabolic syn-
drome. Finally, the exercise prescription in this study focused 
only on VO2; it did not evaluate the ventilatory threshold.

Among pediatric populations, there are few interventional 
studies with physical training, and these only evaluated the ef-
fect on individuals’ cardiovascular risk factors3. Among adults, 
exercise seems to reduce metabolic syndrome6. The present 
study proved that this intervention was beneficial because 
it caused reductions in the risk factors for metabolic syn-
drome among adolescents. Our data showed that 72% of the 
adolescents who had been diagnosed as presenting metabolic 
syndrome were no longer classified as such after the interven-
tion program. These results indicate that physical training 
and nutritional guidance constitute a successful therapeutic 

intervention for obese adolescents with metabolic syndrome, 
thereby decreasing their risk factors for developing cardiovas-
cular diseases.

Conclusion 
The adolescents with metabolic syndrome had a decrease 

in risk factors through the improvement of physical fitness and 
metabolic profile after a period of intervention in which physi-
cal training and nutritional guidance were provided. The ben-
efits from increased insulin sensitivity were evident among the 
obese adolescents who had shown previous abnormalities in 
insulin resistance. The effects of multidisciplinary intervention 
are important as preventive measures and therapeutic proce-
dures for obese children and adolescents in order to improve 
their physical fitness and metabolic profile. Healthy lifestyles, 
dietary changes and regular physical activity need to be pro-
moted in obese pediatric populations.  
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