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ABSTRACT

Background: Overweight and obesity are prominent threats to pediatric health. The
prevalence of childhood obesity has dramatically been increasing worldwide.
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Accepted: 27 Nov 2021 : Methods: In this clinical trial study, 30 obese elementary gymnasts in the age range

Published: 01 Jul 2022 ¢ of 8 to 12 years were randomly divided into control (n=15) and experimental (n=15)
. groups. The experimental group performed 45 minutes of anaerobic gymnastics training.
Anthropometrical and body composition characteristics, maximal oxygen consumption,
and the levels of brain-derived neurotrophic factor (BDNF), and vascular endothelial
growth factor were measured before and after 8 weeks of training.

Objectives: In this study, we analyze the effects of 8-week anaerobic gymnastic training on
weight loss and related growth factors in obese children.

Results: At the baseline, there were no significant differences for any of the dependent
variables between the two groups (P=0.05). After 8 weeks of training, values of weight,
waist-hip ratio, body fat percentage, body fat weight, lean body weight, and maximal
heart rate decreased significantly (P<0.05) while maximal oxygen consumption and BDNF
increased significantly (P<0.05).

Conclusions: We concluded that weight loss because of anaerobic gymnastic training may

Keywords: lead to a high serum concentration of BDNF. High BDNF may help in maintaining a reduced
Brain-derived neurotrophic *  weight after intervention for obesity and may increase fat oxidation. The inhibitory effects of
factor, Gymnastics, Basal :  weight loss on vascular endothelial growth factor may have abolished the stimulatory effects
metabolism, Weight loss . of exercise and prevented a significant increase in the vascular endothelial growth factor level.
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1. Background

verweight and obesity are prominent
threats to pediatric health and the
worldwide prevalence of childhood obe-
sity has dramatically been increasing.
Childhood obesity is induced by multiple
factors, such as environmental factors,
genetics, medical status, and drugs. It
is administered by surgical treatment, diet regimen,
and exercise (1, 2). Higher physical activity and con-
sequently higher energy expenditure is a beneficial
method to prevent childhood obesity (3).

Many studies have demonstrated the beneficial ef-
fects of physical activity on resting metabolic rate
(RMR), maximal oxygen consumption (VO2 max),
body composition, lipid profile, and plasma leptin (4).
Additionally, exercise training improves cardiovascular
health (5). Also, exercise has positive effects on brain
health by increasing the density of capillaries because
of angiogenesis, that is, the sprouting of new capillar-
ies from pre-existing vessels, and via activating spe-
cific processes that promote synaptic plasticity which
is one mechanism through which exercise improves
brain function (6). Growth factors with angiogenic and
neurotrophic properties, such as vascular endothelial
growth factor (VEGF) and brain-derived neurotrophic
factor (BDNF) are implicated in vascular and neuro-
logical repair in both human and animal studies (7, 8).

Vascular permeability and vasodilatation are in-
creased by VEGF and pathogenesis of cardiovascular
risk factors, arteriosclerosis, obesity, and metabolism
morbidity; meanwhile, mortality is related to VEGF (9,
10). In addition, adipose tissue as an endocrine organ
produces considerable amounts of VEGF (11). Previ-
ous studies have indicated that overweight and obese
individuals show elevated serum VEGF levels (12, 13).
Also, studies have found that subjects who lost at
least 1.85% of their baseline fat mass in a 12-month
exercise intervention experienced significant reduc-
tions in some biomarkers of angiogenesis, compared
to sedentary controls (14).

The neurotrophin family, including BDNF, is consid-
ered a key player in controlling the growth, survival,
and preservation of neurons (15). BDNF and its recep-
tors are expressed in the hypothalamus and periph-
eral tissues, such as smooth and skeletal muscle, liver,
pancreas, and adipose tissue (16). BDNF is considered
the main constituent of the hypothalamic axis that
governs body weight and plays a relevant role in regu-
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lating energy homeostasis, glucose metabolism, and
eating behavior through the central nervous system
(17). Many studies have observed a low-level serum
concentration of BDNF in obese people and subjects
with metabolic syndrome (18, 19). It has been dem-
onstrated that serum BDNF increases during exercise
and muscle-derived BDNF enhances fatty acid oxida-
tion in skeletal muscle while inducing weight loss in
children (17, 20). However, Roth et al. (21) maintained
that serum BDNF concentration is higher in obese
compared to normal-weight children.

It has been suggested that exercise intensity has an
effect on blood BDNF and VEGF levels so high-intensity
exercises that produces higher blood lactate levels in-
duce a higher increase in plasma BDNF concentrations
(22-24). To understand the mechanisms that are re-
sponsible for increasing the BDNF level, Schiffer et al.
(25) used a method called lactate clamp; after the in-
fusion of sodium-lactate, BDNF and lactate increased
significantly and reached baseline values at the end
of the experiment. They reported that blood lactate
increases during high-intensity exercise after the infu-
sion of sodium-lactate; however, no metabolic acidosis
is observed, suggesting that the mechanism underlying
blood BDNF augmentation is lactate per se (25).

Based on the contradictory results of previous stud-
ies, this study aims to investigate the effects of 8-week
anaerobic gymnastics training (AGT) on salivary
growth factors (BDNF and VEGF), RMR, and weight
loss in obese children.

2. Materials and Methods
Participants

A total of 30 obese boys in the age ranged 8-12 years
who enrolled in the elementary level of gymnastics
participated in this study. The number of samples was
selected based on the G*Power software and they
were randomly divided into experimental and con-
trol groups. Obese subjects were diagnosed accord-
ing to the American Council on Exercise lists (Jackson
and Pollock equation for 3-point subcutaneous fat
measurement considering the fat percentage of 26
and above as obesity) (26) without concomitant dis-
eases and the body mass index (BMI) expressed in
percentage. Children above the 95th percentile were
considered obese. The exclusion criteria included
evidence of any disease, drug therapy, structural ab-
normality, and prohibition of exercise testing. The
study protocol was approved by the Ethics Commit-
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tee of Ardabil University of Medical Science (IR.AR-
UMS.REC.1397.290) and the Iranian Registry of Clini-
cal Trials (IRCT20190917044807N1). This study was
performed under the Declaration of Helsinki 1975
(Revised 2013). The study procedures and any pos-
sible risks during the study were explained to the par-
ticipants’ parents and they signed a written consent
form. The baseline characteristics of both experimen-
tal and control groups are provided in Table 1.

Experimental protocol

The experimental group performed a set of given
gymnastic training 3 sessions per week for a total
of 8 weeks. Each session was 45 minutes, including
a 10-minute warm-up, 30 minutes of the main exer-
cise, and a 5-minute cooldown. The main part of the
training included 30 s continuous jump (30s CJ), 30 s
vertical continuous jump on a box (30 s VCIB), running
jumping rolling (RJR) (Figure 1), and specific aerobic
gymnast anaerobic test (SAGAT) (Figure 2) (27, 28).

Note 1: Each repetition was as follows: after the start
command, the subject runs 4 meters toward Point B
to perform jumping over a box with a height of 50 cm,
then continues to run toward Point C to perform front-
rolling. Following the rolling, the subject must change
the direction and run fast to reach Point D to jump over
the box, then run to Point E to perform front-rolling,
and then at the end, run to the starting point (Point A).
After completing 5 repetitions (first set), the subject re-
covers for 3 min and then starts the second set.

Note 2: After the start command, the subject taps
the floor and runs 7 meters toward Point B. At this
point, the subject taps the floor again and returns 2
meters toward Point A (Line 1). At this point, the sub-
ject performs tuck jumps, push-ups, and sit-ups ex-
ercises, each task for one time, and then returns to
Point B and taps the floor. This is the end of the first
repetition and the start of the second repetition. The
subject runs 7 meters to Point A, taps the floor, re-
turns 2 meters toward Point B (Line 2), performs the
exercises described above, and then returns to Point
A and taps the floor to end the second repetition and
start the third repetition. This pattern continues until
a total of 6 repetitions are completed.

Anthropometrical measurements

The participants’ heights were measured using a sta-
diometer with an error coefficient of 1% cm (SECA213;
SECA, Hamburg, Germany). Their weight was measured
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using a portable scale with an error coefficient of 1% kg
(H20B; Biospace, Seoul, Korea). To measure waist and
hip circumference, the subjects were asked to stand up
straight and breathe out. The smallest circumference
between the umbilicus and the xiphoid process was
considered waist and the largest circumference around
the buttocks was considered hip. These circumferences
were measured by measuring tape.

Measurements of body fat percentage, body fat
weight, lean body weight, and body mass index

Harpenden caliper was applied to tight (quadriceps),
chest (pectoral), and belly (abdomen), and Jackson/
Pollock 3-Site equation was used to predict body fat
percentage (BF%). An online body composition cal-
culator was used to obtain the BF%. Body fat weight
(BFW) and lean body weight (LBW) were calculated as
Equation 1 (26):

1. BF%=495/ (1.10938-(0.0008267 *s)+(0.0000016*s
*s) - (0.0002574*a)-450

Note: s=sum of 3 skin-fold mm; a=age.
BFW=Body weightx BF%, LBM=Body weight-BFW

BMI in children and adults is calculated in one way.
This calculation is done according to the Equation 2:

2. BMI=Weight (kg)/[Height (m)]2

However, the BMI for children is expressed in per-
centages. Recommended BMI for boys aged 2-19
years are as follows:

>95% percentile: overweight;
85" to <95th percentile: risk of overweight;
<5% percentile: Underweight.

Maximal oxygen consumption measurement

As subjects were children in the age range of 8 to 12
years, a modified Balke protocol was used to evalu-
ate their VO2 max (29). This continuous protocol is
well-suited for the unfit and obese children (29). Af-
ter warming up, each subject performed the modi-
fied Balke protocol, which progressively increases the
grade from 2% to more than 10% at 2% increments
each for 1 min until the subject cannot maintain a
constant speed of 3.5 mph and reaches exhaustion
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Figure 1. Training steps

(29). The VO2 max was also measured before and af-
ter 8 weeks in both groups.

Resting metabolic rate measurement

RMR test was administered for all subjects before
noon between 9:00 and 11:00. The RMR was deter-
mined by a gas analyzer system via the open-circuit
technique while the subject was sitting (30). After en-
tering the laboratory, subjects rested in a chair for 15
min in an isolated temperature-controlled room (21°C
to 24°C). After the first 15 min rest, the second 15 min
started and subjects were fitted with a Hans Rudolf
face mask which was connected to the gas analyzer
system. The RMR was obtained by Equation 3 using
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the average of the last 10 min of the measurement
period (30).

3. RMR=3.941 [ VOZ(L.)]+1.106 [vCco2 (L.
min min
)]=Kcal/min

Saliva brain-driven neurotrophic factor and vascular
endothelial growth factor measurement

Saliva samples were collected between 09:00 and
11:00. The subjects should not consume anything and
brush their teeth before the sample collection. They
also should rinse their mouths with water and then
swallow to increase hydration (31). Saliva samples
were collected via unstimulated passive drool over 5
min, where the children dripped saliva through a 5 cm

e e

-

Figure 2. Specific aerobic gymnast anaerobic test
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Table 1. Participants’ characteristics at baseline (n=15)
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MeantSD
Variables Groups P
Control Experimental
Age (y) 9.8+1.2 10.1+1.3 0.4
Height (cm) 141.0+9.8 141.66.5 0.8
Weight (kg) 50.615.7 50.7+5.0 0.9

plastic straw into a pre-weighed polypropylene cryo-
vial tube (5 mL capacity). Saliva was carefully dripped
into the collecting tubes with minimal orofacial move-
ment. After collection, the samples were analyzed in
the laboratory (31).

Human BDNF PicoKine™ ELISA Kit (Catalog No.
EK0307; R&D Systems, Austria) and Human VEGF Pi-
coKine™ ELISA Kit (Catalog No.: EK0539; R&D Systems,
Austria) were used for measuring BDNF and VEGF, re-
spectively. Collected saliva samples were centrifuged
for 15 min at 4000 rpm. The evaluation was performed
according to the manufacturer’s instructions for the
use of buffers, diluents, and materials. The analysis of
BDNF and VEGF was performed using a sandwich en-
zyme-linked immunosorbent assay. Fluorescence was
measured at 450 nm with a microplate reader.

2.8. Statistical Analysis

The data are expressed as MeanzSD. All analyses
were performed using the SPSS software, version 23.
The Kolmogorov-Smirnov test was used to test the
normality of the distribution. Independent and paired
t tests were used to examine significant differences
between and within groups, respectively. A value of
P<0.05 was considered statistically significant.

3. Results

Subjects’ characteristics and any of the dependent
variables between the two groups were not signifi-
cantly different at the baseline (P>0.05) (Table 2).
There were significant reductions in weight, waist-hip
ratio, BF%, BFW, and LBW after 8 weeks of training in
the experimental group (P<0.05) but not in the con-
trol group (P>0.05).

According to Table 2, VO2 max level significantly in-
creased (P=0.03), while maximal heart rate and BMI
decreased, respectively (P=0.01, P=0.03) in the exper-
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imental group from pretest to posttest. In addition,
there was a significant difference in posttest maximal
heart rate between the experimental and the control
group (P=0.04) (Table 2).

According to Figure 3, the level of BDNF increased
significantly after 8 weeks of training (P=0.003) and
there was a significant difference in the posttest
BDNF level between experimental and control groups
(P=0.03). The level of VEGF increased after the 8-week
intervention, however, it was not significant (P=0.179).
No significant difference was observed in the posttest
VEGF level between the experimental and the control
group (P=0.55) (Figure 4).

4. Discussion

Our study results suggest that regular anaerobic
gymnastics exercises increase BDNF production and
improve body composition, VO2 max, and maximal
heart rate in obese children. A previous study ob-
served that after the infusion of sodium-lactate, BDNF
increases and provides an increase in blood lactate
without metabolic acidosis, which is accompanied by
high-intensity and lactate exercise (25). Also, physical
activity increases the expression of growth factors,
such as BDNF and VEGF. These factors promote the
production of neurons and have an effect on cardio-
respiratory indices and body composition (21, 32, 33);
however, there are contradictions in the results (21).

Gymnastics training is becoming a very popular and
basic exercise among children and is a highly energy-
demanding physical activity. Therefore, the body re-
quires high energy expenditure and oxygen during
gymnastic training, leading to serial hypoxia and hy-
poglycemia. The resulted hypoxia and hypoglycemia
stimulate the synthesis of hypoxia-inducible factor
1-alpha (HIF1A) and sirtuin proteins while factors,
such as BDNF, nerve growth factor (NGF), and VEGF
are produced under the stimulation of these proteins
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Table 2. Dependent variables in experimental and control groups
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MeantSD
Variables i
Control Experimental
Pre-test 50.645.7 50.745.09 09
Weight (kg) Post-test 50.7+5.7 46.443.9 0.02**
P 0.08 0.000* -
Pre-test 0.98+0.008 0.98+0.03 1.00
WHR (cm) Post-test 0.98+0.01 0.94£0.03 0.01**
P 0.3 0.000* -
Pre-test 27.03+1.11 27.3+1.2 0.4
BF (%) Post-test 27.1+1.06 23.8+1.5 0.000**
P 0.05 0.000* -
Pre-test 13.4+1.74 13.8+1.8 0.6
BFW (kg) Post-test 13.50+1.74 11.1+1.7 0.001**
P 0.05 0.000* -
Pre-test 37.2+4.07 36.543.6 0.6
LBW (kg) Post-test 37.2+4.05 35.3#3.2 0.1
P 0.3 0.001* -
Pre-test 25.02+2.12 25.24+2.09 0.07
BMI (Kg/m?) Post-test 25.04£2.08 22.96+1.86 0.04**
P 0.09 0.03* -
Pre-test 28.4+1.7 27.9+1.8 0.4
VO,max (mL/kg/min) Post-test 28.3+1.9 29.742.7 0.1
P 0.4 0.03* -
Pre-test 1178.1+268.2 1178.2+271.9 0.9
RMR (kcal/day) Post-test 1179.2+267.6 1188.1+310.7 0.9
P 0.06 0.933 =
Pre-test 194.6+4.08 193.3%7.2 0.5
MHR (beat/min) Post-test 194.2+4.6 189.06+8.4 0.04**
P 0.1 0.01* -

*: Significant difference between pretest and posttest identified by the paired t test.
¥: Significant difference between experimental and control groups identified by the independent t test.
WHR: waist-hip ratio; BF: body fat; BFW: body fat weight; LBW: lean body weight; BMI: body mass index; VO2 Max: maximal oxygen consumption;

RMR: resting metabolic rate; MHR: maximal heart rate.
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Figure 3. Changes in saliva BDNF pre and post 8 weeks anaerobic gymnastic training in the experimental and the control group
* Significantly higher compared to pre 8 weeks. # Significantly higher compared to the control group.

Exp: experimental; Con: control.

(34). Recent studies have demonstrated that increased
levels of BDNF after exercise lead to increased oxida-
tion of glucose and triglycerides, resulting in increased
body temperature, energy, and oxygen consumption
(35). In the present study, weight, BF%, and BFW de-
creased significantly after 8 weeks of AGT; this result
is consistent with previous studies (35, 36). Further-
more, the waist-hip ratio showed a significant reduc-
tion in the experimental group, which might suggest
that the subcutaneous, as well as the visceral abdomi-
nal adipose tissues are also decreased in this group
as a result of AGT. Furthermore, after 8 weeks of AGT,
the level of VEGF in the experimental group increased,
however, not significantly. This result is contradictory
to previous studies as they maintain that overweight

i

VEGF

0.5

Pre

and obese individuals display elevated serum VEGF
levels (12, 13, 37). They explained that adipose tissue
as an endocrine organ produces VEGF in a consider-
able amount and adipose tissue is highly plastic and
requires vascularization to expand (11). This extra
adipose tissue causes an increase in the level of VEGF
in obese individuals and weight loss and reduction of
adipose tissue causes a decrease in the level of VEGF
in obese individuals (37). In the present study, a slight
increase and no decline in the level of VEGF was ob-
served that might be related to the effects of the ex-
ercise on this factor. This is because exercise increases
both skeletal muscle mass and blood circulation and
both processes require the up-regulation of angio-
genesis. The value of MHR in the progressive modi-

i

Exp

Con

Post
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Figure 4. Changes in saliva VEGF Pre and post 8 weeks anaerobic gymnastic training in experimental and control groups

Exp: experimental; Con: control.
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fied Balke test was also less than the pretest, and its
changes were significant. The Heart rate is controlled
by the autonomic nervous system (38) and increasing
parasympathetic activity decreases heart rate. Even
though we did not assess parasympathetic activity,
there is a possibility that vagal activity increases after
8 weeks of AGT used in the present study. VO2 max
increased significantly after training in the experimen-
tal group. These results indicate amelioration in heart
function that is in line with the results of previous
studies (39).

There are controversial findings regarding BDNF
and its effects and relationship with obesity. Some
researchers have reported lower levels of serum or
plasma BDNF in obese people compared to normal
weight subjects (19), while Roth et al. (21) found high-
er BDNF serum concentrations in obese compared to
lean children and suggested a relationship between
BDNF and fat mass. In the present research, we ob-
served notable increases in BDNF levels in the ex-
perimental group after the intervention. Also, weight,
BF%, and BFW were reduced. Inconsistent findings in
this area across different studies might be due to the
differences in obesity stages and grades of studied
people. For instance, the studies that demonstrated
lower levels of BDNF were on children and extremely
obese subjects (4, 19). Whereas a study by Roth et al.
(21), showed higher levels of BDNF in obese children
in the early stage of obesity or overweight have been
compared with partially lean children (21) Recently,
a neurotrophic hypothesis has suggested that neuro-
trophins have a different role in the early or late stag-
es of metabolic diseases. Accodringly, neurotrophin
levels are high in the early stage of metabolic diseases
to compensate and attenuate emerging inflammatory
events, but when metabolic disease criteria are de-
veloped, the concentration of neurotrophins begins
to gradually reduce because of pro-inflammatory cy-
tokines’ effects on the neurotrophins. Therefore, hy-
poneurotrophinemia appears during the developed
stage of the disease (40-42). It has been observed
that increased levels of BDNF after exercise lead to
increased oxidation of glucose and triglycerides, re-
sulting in increased body temperature, energy, and
oxygen consumption (35).

Our study had some limitations, such as the lack
of female participants and the small sample size. To
explore practical usage and the mechanisms that ap-
pear to increase salivary BDNF and VEGF in children,
we suggest using large sample sizes and inclusion of
female participants for further investigations.
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5. Conclusion

According to our findings, we concluded that weight
loss because of lactate-producing gymnastics exercise
may cause a high serum concentration of BDNF. High
BDNF may help in maintaining a reduced weight after
intervention for obesity and may increase the oxida-
tion of fat. The inhibitory effect of weight loss on VEGF
may have abolished the stimulatory effect of exercise
and prevented a significant increase in VEGF.
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