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ABSTRACT 

Childhood obesity seems to be increasing at a 
disturbing rate. Exercise and diet are recom- 
mended to combat this epidemic. Light and mo- 
derate physical activity is associated with health 
benefits, whereas intense physical activity is as- 
sociated with normal BMI and low cardiovascu- 
lar risk. The aim of this study was to assess the 
metabolic response to a graded exercise test 
(GXT) in children with different body weight. 
Eight boys and nine girls underwent a GXT on a 
treadmill according to Blake protocol. These 
children were 7 - 9 years old. The participants 
were divided into three groups according to 
their body weight: normal-weight, overweight, 
and obese. After GXT, lactate and HDL levels in- 
creased significantly in all three groups (p < 
0.05). In this experimental trial, we show that 
HDL level increased after a single session of in- 
tense exercise in children regardless of body 
weight. 
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1. INTRODUCTION 

The prevalence of overweight and obesity among 
Mexican children increased 7% (from 19% to 26%) in 
seven years (from 1999 to 2006) according to the Na- 
tional Health and Nutrition Survey [1]. It is well known 
that the combination of overweight and low physical 
activity increases levels of glucose, insulin, triglycerides, 
and LDL. In addition, overweight and low physical ac- 
tivity decrease HDL levels [2]. Exercise and diet have 
been recommended to combat the childhood obesity epi-  

demic [3,4]. The Mexican Ministry of Health recom- 
mends that children should exercise 60 minutes of mod- 
erate aerobic activity more than 3 days per week [3].  

There is a growing agreement among experts that in- 
creasing physical activity improves health. Moderate and 
light physical activity has been associated with health 
benefits, whereas intense physical activity has been as- 
sociated with lower morbidity and mortality, normal 
BMI, and low cardiovascular risk [5-7]. Kokkinos (2008) 
demonstrated that Caucasians and African-Americans with 
less physical capacity present higher cardiovascular mor- 
tality [8]. Intervention programs of twelve-week period 
of physical activity have shown a decrease in the level of 
insulin and improvement in lipid profile among over- 
weight and obese children [9,10]. Supervised exercise for 
many weeks has demonstrated being effective to reduce 
LDL-C and elevate HDL-C levels [11]. On the other 
hand, obese children presented a negative effect on body 
composition and lipid profile when they detrained phy- 
sical activity [12,13]; for example, a day of sitting con- 
siderably reduced insulin action in healthy people [14]. 

Graded exercise testing (GTX) is used to evaluate the 
responses of different physiological parameters as heart 
rate, respiratory rate or inspired air during exercise. GTX 
is a valuable tool to evaluate functional capacity in many 
settings. In a previous study about the response to a GXT, 
we reported that overweight children presented a signifi- 
cant decrease in serum insulin level compared with nor-
mal-weight children [15]. However, it seems that poor 
physical fitness is a risk factor for insulin resistance re-
gardless of obesity degree and body composition; a com-
plete physiologic response of children needs to be evalu-
ated. The aim of this study was to assess the metabolic 
response to a GXT in children with different body 
weights. 
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2. METHODS 

2.1. Participants 

Twenty one children (7 - 9 years old) started the pro- 
tocol; they were recruited in an elementary school. Only 
17 children (eight boys and nine girls) completed the trial 
and blood tests. These children were healthy; four chil- 
dren were excluded for musculoskeletal disorders that 
could affect their performance during a GXT, or for 
having taken medicine for loss weight. The participants 
were divided into three groups according to their body 
weight [16]: normal-weight, overweight, and obese. This 
study was approved by the ethics committee of Depart- 
ment of Medical Science, University of Guanajuato and 
all patients and their parents gave their informed written 
consent. All participants and their parents were informed 
detailed verbal regarding the purpose of the trial and the 
study procedures.  

2.2. Measures 

In a previous morning of the test, weight and height of 
children were measured using a calibrated clinical bal- 
ance and wall-mounted stadiometer, with a precision of 
0.1 kg and 0.5 cm respectively. Additionally, a complete 
clinical history was taken including detailed information 
on physical activity and diet habits (24-hour food recall). 
In the test day, participants arrived at Department of Ap- 
plied Sciences of the University of Guanajuato after an 
overnight 12-hour fast. A physical examination was done, 
which included skinfolds and circumferences using the 
technique described by Lohman. Also, a baseline elec- 
trocardiogram was taken to exclude any heart disease 
than could be contraindicated for a GXT. Systolic and 
diastolic blood pressures were measured with a proper 
cuff according arm length. Two blood pressure meas- 
urements were taken from participants 10 and 12 minutes 
before GXT. 

2.3. VO2peak Determination  

All children underwent a GXT on a treadmill (Track 
Master Research). Children were familiarized with exer- 
cise procedures and equipment before the beginning of 
the exercise test. A warm-up period of 3-minute at 0% 
grade and 2.8 mph speed was followed of gradual speed 
increase up to 3.4 mph at 2-minute stages. During the 
test, the child walked/ran on the treadmill according to 
Blake protocol (3.4 mph speed + 1% incline of the tread- 
mill every minute) until the participant was no longer 
able to continue due the child reached his/her maximal 
subjective effort (exhaustion) [17]. Throughout the test, 
heart rate was recorded using a portable heart rate moni- 
tor (Polar RS400sd, Polar Electro Inc., Finland). VO2peak, 
the greatest amount of oxygen consumed during strenu- 

ous aerobic exercise, was calculated for all participants 
using the formula: (mL * kg−1 * min−1) = 11.12 + (1.51 * 
exercise time). 

2.4. Biochemical Determinations 

Blood samples were obtained while children were seat. 
For each child, two venipuncture samples were taken: at 
baseline and two minutes after ending GXT. Glucose 
concentration was immediately measured by the glucose 
oxidase technique, and analyzed at Applied Science 
laboratory of the University of Guanajuato for total cho- 
lesterol, HDL, LDL, triglycerides, hematocrit, and insu- 
lin. All the serum lipids were determined using an auto- 
matic analyzer (Biosystems) and insulin using radioim- 
munoassay (Insulin Coat-A-Count, SIEMENS). Addi- 
tionally, none capillary blood samples were taken to de- 
termine blood lactate (Accutrend, Roche Diagnostics, 
Indianapolis, USA).  

2.5. Statistical Analysis 

All data analyses were performed using Statistics and 
SPSS software. The data are routinely presented as mean 
± SD. The variables before and after GXT were com- 
pared using paired T-test, and the comparisons between 
groups were analyzed using ANOVA. 

3. RESULTS 

Although total participants were 21 children, only 17 
completed the second blood sample (9 girls and 8 boys). 
According to body weight, we classified children in three 
groups: normal-weight (n = 6), overweight (n = 5), and 
obese (n = 6). Children average age was 7.6 years old. 
Body weight, triceps, sub-scapular skinfolds and waist 
circumference were higher in obese group compared to 
the overweight group, and higher in the overweight 
group compared to normal-weight group. Systolic and 
diastolic blood pressures showed a tendency to increase 
as body weight was higher (F2,14 = 7.3, p < 0.01; Table 
1). VO2peak in GXT was 31.7 ± 4 ml/kg/min in normal- 
weight, 29.48 ± 4.7 ml/kg/min in overweight, and 25.2 ± 
5.7 ml/kg/min in obese (Table 2). 

After GXT, lactate and HDL levels increased signifi- 
cantly in all three groups. In the obese group, triglyc- 
erides increased significantly (Table 3). Glucose level 
changed with GXT (F = 5.74: normal-weight vs. obese 
was p = 0.04, overweight vs obese p = 0.02). Mean insu- 
lin decreased in the overweight and obese group after 
GXT; insulin in the normal-weight group did not change 
(Table 3). 

4. DISCUSSION 

In this experimental trial, we show that HDL level in-  
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Table 1. Characteristics of participants according to body 
weight. 

 NW OW OB 

N 6 5 6 

Age (y) 7.6 ± 0.8 7.2 ± 0.4 8 ± 0.9 

Gender (B/G) 4/2 0/5 4/2 

Weight (kg) 26.8 ± 5.1 32.4 ± 5.7 43.7 ± 8.7

Height (cm) 128.4 ± 9.4 129.6 ± 8.3 135.4 ± 5.2

BMI (kg/m2) 16.1 ± 1 19.1 ± 0.9 23.6 ± 2.9

Triceps skinfolds (mm) 9.9 ± 2.7 16.1 ± 3.2 22 ± 4.6 

Subscapular skinfolds (mm) 6.4 ± 1.4 12.2 ± 0.3 19 ± 9.2 

Waist circumference (cm) 60.6 ± 4.4 68.1 ± 4.9 81.5 ± 8.7

Body fat (%) 14.7 ± 3.9 25.3 ± 2.8 29.9 ± 4.1

SBP (mmHg) 93.5 ± 5.6 96.4 ± 4.7 104 ± 4.1

DBP (mmHg) 57.6 ± 4.3 57.4 ± 6.5 64 ± 6.7 

NW = normal-weight; OW = overweight, OB = obese; B/G = boy/girl; BMI 
= body mass index; SBP = systolic blood pressure; DBP = diastolic blood 
pressure. *Values are the geometric means and standard deviations. 
 
creased after a single session of intense exercise in chil- 
dren, and this increasing was independent of body weight. 
Although some studies had demonstrated that an increase 
in HDL is produced as an adaptation to several sessions 
of exercise, our results showed this increasing since a 
single workout [18,19]. 

Because HDL captures free circulating cholesterol and 
transports it to the liver for excretion, low HDL blood 
concentration is a cardiovascular risk factor [18,20]. In 
adults, exercise hours correlate positively with HDL  

Table 2. Physiological data of the participants according to 
body weight. 

 NW OW OB 

N 6 5 6 

HRrest (bpm) 73.8 ± 10.9 81.4 ± 14.4 79.8 ± 14.6

HRmax (bpm) 196.8 ± 18.6 215.4 ± 6.3 191.8 ± 16.9

Time (min) 13.8 ± 2.6 12.2 ± 3 9.4 ± 241 

VO2peak (ml/kg/min) 31.7 ± 4 29.4 ± 4.7 25.2 ± 5.7 

NW = normal-weight; OW = overweight; OB = obesity; HRrest = resting 
heart rate; HRmax = maximum heart rate; VO2peak = maximal oxygen uptake. 
*Values are the geometric means and standard deviations. 
 
level change; in general, it has been reported that 
changes in HDL concentration requires at least 10-week 
period program. From one to two days after a single ex- 
ercise session, adults present an elevation in HDL levels 
while the full effect is an increase in HDL2-c and a de- 
crease in HDL3-c. Therefore, both a single session and 
an exercise program have independent effects on lipid 
profile and lipoprotein level in adults. On the other hand, 
children use a higher proportion of lipids while exercis- 
ing than adults [21]. 

There was no significant difference between VO2peak 
values among the body-weight groups, but only a ten- 
dency of low VO2peak in obese children. This tendency 
could be explained since obese people have less mito- 
chondria in skeletal muscle and a decreased transcription 
of genes involved in mitochondrial oxidative phosphory- 
lation [22]. VO2max is an inheritable characteristic be- 
cause, besides environmental factors, maximal oxygen 
intake has a genetic component. The maximal response 
to VO2max during exercise is 47% in children under 9 

 
Table 3. Basal (B) and post-exercise (P) metabolic data of the participants according to body weight. 

 NW OW OB 

 B P B P B P 

N 6 6 5 5 6 6 

Glucose (mg/dl) 102 ± 6 107 ± 8 106 ± 7 116 ± 18 104 ± 7 95 ± 7 

TC (mg/dl) 151 ± 27 159 ± 33 209 ± 70 207 ± 67 145 ± 21 157 ± 31 

HDL (mg/dl) 41 ± 3a 50 ± 6.8 41 ± 9a 50 ± 8 42 ± 5a 47 ± 5 

LDL (mg/dl) 96 ± 26 92 ± 27 148 ± 78 147 ± 77 87 ± 12 87 ± 22 

TG (mg/dl) 73 ± 37 80 ± 36 100 ± 54 97 ± 26 90 ± 60b 104 ± 56 

Lactate (mmol/l) 1.2 ± 0.3b 4 ± 1.3 2.2 ± 1.4b 6.8 ± 1.9 1.7 ± 0.5b 5.2 ± 1.9 

Htc (%) 42 ± 2.2a 43.6 ± 2 40.7 ± 2 42 ± 2.4 42.4 ± 2.6 44.6 ± 3.2 

Insulin (IU/ml) 2.2 ± 3.3 3.0 ± 2.9 7.5 ± 2.5a 3.3 ± 4.8 11.7 ± 9a 8.9 ± 7.1 

NW = normal-weight; OW = overweight; OB = obesity; TC = total cholesterol, HDL = high density lipoprotein, LDL = low density lipoprotein, TG = triglyc-
erides, Htc = hematocrit. aP < 0.05 for differences between basal and post-exercise within body-weight groups. bP < 0.01 for differences between basal and 
pos -exercise within body-weight groups. t 
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years of age [23]. 

In addition, acute strenuous exercise may produce de- 
hydration, and therefore an increase in the hematocrit 
because the reduction of plasma volume. However, the 
hematocrit did not change significantly in this study, so 
the observed changes in blood substances concentration 
was due simply to the acute effect of exercise. 

Blood lactate concentration and the perceived exertion 
are indicators of an intensive anaerobic work, or at least 
to other similar efforts [24]. Blood lactate is an inter- 
mediary in the carbohydrates oxidation that are released 
into the bloodstream from muscle cells in a quantity that 
depends of the pyruvate production and removal rate 
[25]. In our study, the average lactate concentration after 
GXT was 4.0, 6.8 and 5.2 mmol/l in normal-weight, 
overweight, and obese group respectively. Although an 
established threshold value of blood lactate is 4 mmol/l 
after a short maximal exercise, studies have demonstra- 
ted that the maximum lactate concentration is lower in 
children than in adolescents and adults [26,27]. In other 
words, children can exercise at intensities close to their 
maximum oxygen intake without accumulating high lac- 
tate; 2.5 mmol/l of blood lactate could correspond to the 
maximal oxygen consumption in children, as well as the 
maximal heart rate [28]. The lower rate of lactate produc- 
tion in children compared with adults may due to a lower 
relative muscle mass, lower level of activity of pyruvate 
dehydrogenase enzyme, and a lower oxidative phos- 
phorylation rate with its faster elimination [21,29]. All 
participants in the study succeeded in lactate concentra- 
tions corresponding to a maximal exercise. 

Blood pressures tended to be higher as the body 
weight increased; however, all children were within the 
50th percentile when it was calculated percentile for age, 
weight and height. Obesity can raise blood pressures by 
increasing the vascular tone caused by decreased nitric 
oxide bioavailability, greater sympathetic tone, and an 
elevated expression of angiotensinogen by the adipose 
tissue, which leads to the activation of the renin-angio- 
tensin aldosterone. Children blood pressures usually in- 
crease 1 - 2 mmHg per year. Performing physical activity 
during an interval of three years may prevent systolic 
pressure elevation of 1 mmHg, as well as a reduction in 
BMI [5]. 

Although the sample included children of different 
body weight, it is worth bearing in mind that the total 
number of participants was only 17 children. Another 
possible limitation is that all of them came from a single 
school. More studies need to be conducted to explore the 
metabolic response to a GTX in children of different 
ages and socioeconomic levels. 

5. CONCLUSION 

Metabolic response to a GTX in children increased 

HDL level, and this increase was independent of body- 
weight. This elevation improves the health of children 
because it could help in the prevention of the atheroscle- 
rotic cardiovascular disease that begins at an early age 
and progress through the life. Childhood obesity seems 
to be increasing at a disturbing rate, and this population 
is vulnerable because children may not be prepared to 
make health-related choices for their own. This finding 
should be used to develop a better physical activity pro- 
gram for children knowing that important changes in 
HDL occur since a first workout. 
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