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Effect of Taekwondo Training on Physical Fitness and Growth Index
According to IGF-1 Gene Polymorphism in Children

Bonghan Lee, and Kijin Kim

Department of Physical Education, Keimyung University, Daegu 704-701, Korea

This study analyzed the effect of regular Taekwondo training for 16 weeks on physical fitness and
growth index depending on different IGF-1 gene polymorphisms. The subjects of the study were 44
male students who were 8 year years old. The IGF-1 gene showed the highest frequency of 18 CA
repeat (190 bp) in 50% of subjects, and was found in the homozygote (n=11), heterozygote (n=22) and
non-carriers (n=11). The results of the physical fitness and growth index among the gene polymorphism
groups indicated no significant differences but the expected height of the non-carrier group was
significantly high (p<0.05). After Taekwondo training, the homozygote group and the non-carrier
groups demonstrated significant (p< 0.05) increase in grip strength and in time in the standing with
one leg while closing eyes test, respectively. Only the homozygote group had a significant (p<0.05)
increase in thigh circumference. IGF-1 concentration significantly (p<0.05) increased in the heterozygote
group, while HOMA-IR significantly (p<0.05) decreased in the homozygote group. Furthermore, there
was a significant (p<0.05) decrease in glucose in both the homozygote and the non-carriers groups.
The difference between physical fitness and growth index depending on the IGF-1 gene polymorphism
after Taekwondo training did not show consistent impact.
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INTRODUCTION

Taekwondo has been propagated worldwide and is cur-
rently a popular sport reaching about 70 million practi-
tioners in 204 countries [1]. The number of children who
join the Taekwondo training increases every year, with
380,000 applying for the Taekwondo belt test on an annual
basis. Most of the prior studies related to the sport mainly
focus how to improve the performance of athletes. However,
the studies on how Taekwondo training affects the physical
fitness and the growth index depending on the IGF-1 gene
polymorphism of children during their growth period are
scarce. That is, the insulin-like growth factor-1 IGF-1), an
important factor in the physiological mechanism which af-
fects child growth, is controlled by the growth hormone
(GH) and also involved in growth stimulation [2]. It is
known to be a significant factor in the growth and develop-
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ment of the cell, plays a vital role in adjusting the growth
of the bones, muscles and other tissues [3], increases the
muscular protein contents, stimulates the skeletal muscle
expansion, affects the insulin sensitivity and related glu-
cose infusion in the muscles [4] and enhances the physical
structure, muscle quantity and physical fitness level of chil-
dren [5]. The IGF-1 gene with 70 amino acids is located
in the 12th chromosome and comprised of 6 exons and 2
promoters. The cytosine-adenosine dinucleotide (CA) repeat
exists on the 5' untranslated region (UTR) of exon 1, where
transcription starts and gene polymorphism exists depend-
ing on the length difference from the number of repetitions
[6].

The aim of the study was to investigate the difference
between physical fitness and growth index depending on
the IGF-1 gene polymorphism, and analyze them after a
16-week regular Taekwondo training. Also, this study aimed
to check, on the genetic level, the effect of Taekwondo train-
ing on children’s growth, which would serve as an im-
portant background for proposing genetic feature analysis
that may be applied to solve the problems in the children’s
growth period.

ABBREVIATIONS: BMI, body mass index; HDL-C, high density
lipoprotein-cholesterol; HOMA-IR, homeostatic model assess-
ment-insulin resistance index; IGF-1, insulin-like growth factor-1;
LBM, lean body mass; LDL-C, low density lipoprotein-cholesterol;
TC, total cholesterol; TG, triglyceride; PEI, physical efficiency index;
WHR, waist hip ratio.
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METHODS
Subjects

The participants in the study were 55 male elementary
school students, who were 8 years old. They joined the
Taekwondo training from the elementary schools of B and
D in the city of K in Gyeongbuk Province. A total of 44
subjects completed the experiment. Taekwondo training
ran for 16 weeks, 50 minutes a day, and 5 times a week.
Informed consent was obtained from the parents of the par-
ticipants prior to carrying out the designated experiment.
The study protocol was in compliance with the Code of
Ethics of the World Medical Association (Declaration of
Helsinki), and has been approved by the Institutional
Review Board of the Keimyung University (IRB NO 11-233).

Measurement and methods

1. Physical characteristics and body composition
Standing height, sitting height, weight, overall fat and
body fat were measured using InBody 3.0 (Biospace, Korea),
and the body mass index (BMI) was calculated with the
formula of ‘weight/height® (kg/m?’. Subcutaneous fat was
measured from the femoral region, triceps brachii and up-
per part of the iliac crest to the precision of 0.1 mm using
the skinfold caliper (Skyndex, USA). Body fat ratio was cal-
culated by the formula for the ratio using the thickness of
the subcutaneous fat. The circumferences of the upper arm,
waist, hip and thigh were measured. Waist circumference
was measured based on the WHO standard which measures
between the lower part of the 12th rib and the mid-part
of the iliac crest, and the waist and the hip circumferences
are measured to calculate the waist hip ratio (WHR).

2. Blood concentration of parameters

The subjects were asked to fast for 12 hours before a
blood sample was taken from the antecubital vein. IGF was
measured by the Chemilumino Immuno Assay (CLIA) using
the Human IGF-1 ELISA Kit (ELH-IGF-1001, RarBio,
Norcross, GA, USA), and osteocalcin was analyzed by the
enzymelinkedimmunosorbent assay (ELISA) reader (Biotek,
USA) using the Novo Clacin Kit (Meta Biosystem, Inc
USA). Insulin and glucose concentrations were measured
by the Immunoradiometric Assay and the glucose oxidase
method, respectively using the INSULIN-IRMA (Gwangwon,
Korea) sample for the insulin measurement. The Homeostasis
model assessment (HOMA-IR) was calculated using the for-
mula for insulin resistance (fasting insulin (#U/ml) X fast-
ing glucose (mmol/liter)/22.5). The lipid factor concentration
in the blood was calculated by analyzing the absorbance
from the COBAS MIRA PLUS in each analysis kit (SICDIA
LT-CHO REAGENT, Shinyang Chemical INC, Korea/HDL-C,
LDL-C plus, Roche, Germany/SICDIA L. TG REAGENT,
Roche, Germany) for the total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C) and
low-density lipoprotein cholesterol (LDL-C).

3. Genotype of IGF-1

5 ml of the peripheral blood was taken from the subjects
for genetic analysis and the separated genomic DNA was
melted by 10 mMTris (Base) of the TE buffer solution and
1 mM EDTA (Disodium, Dihydrate) with the pH between
7.0 and 7.4, measured by the spectrophotometer and stored
at —20°C. The IGF-1 gene analysis followed the method

of Larsen et al. [7] and the polymerase chain reaction (PCR)
was implemented to amplify the confirmed DNA, showing
that the forward primer was FAM-5'-GCTAGCCAGCTG-
GTGTTATT-3" and the backward primer was 5'-ACCACTC-
TGGGAGAAGGTA-3'. The PCR was 1.5 mM MgCl2, 200 «M
dNTP, for each 0.4 #mM forward and backward primer,
platinum Taq DNA polymerase (Invitrogen, Carlsbad, CA,
USA) 1.0 unit with the total amount of 25 «1. The PCR
consists of 22 reaction processes of pre-denaturation for 5
minutes at 94°C, 20 seconds at 94°C, 20 seconds at 65°C
and 15 seconds at 72°C and then the extended reaction for
5 minutes at 72°C. 0.5 1«1 of the amplified product, 10 ul
of the Hi-Di Formamide and 0.2 #1 of the Mapmarker 1000
size standard (Bioventures, USA) were mixed, denaturized
for 5 minutes at 96°C and left in the ice for 5 minutes.
The capillary electrophoresis was performed with the Applied
Biosystems 3100 DNA analyzer and the CA repeat of the
samples was analyzed by GeneScan Analysis Software 3.7
and Genotyper Software 3.7 (Fig. 1).

4. Bone maturity

Bone maturity determined from bone age, bone score and
expected height were analyzed using the TWII method, in
which pictures of the hand and the wrist are taken and
20 individual bones are analyzed, including the carpal bone,
1st, 3rd and 5th metacarpal bones and phalange as the
RUS. Bone maturity was completed when the bone score
reached 1000 points. The left hand and the wrist were
X-rayed to measure the bone maturity of the receiving part.
The devices were used the RF500-125 and a 10x10 inch
film size using 20 mA radiation in 0.06 second and with
a distance of 100 cm 50 KVP.

5. Physical fitness

Grip, back strength, sit-up, the sit & reach, standing long
jump, repetitive side jump, standing up with one leg while
closing eyes and Harvard step test were measured by the
grip gauge (TKK, Japan) and the back strength gauge
(TKK, Japan). To measure the sit & reach, a subject ex-
tends knees for the feet to completely touch the vertical
surface of the device and then completely bends the upper
body for 2 seconds with maximum stretching of the arms.
The sit-up was measured by maintaining the knee angle
of 140 degrees while a subject lies on the mat, touching
the feet on the floor and raising the upper body to touch
the knee with the elbow for 30 seconds. The standing long
jump was measured twice measuring the distance between
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Fig. 1. The capillary electrophoresis of CA repetition Upper: CA
repetitive heterogeneous; Middle: 4 CA repetitive heterogeneous;
Lower: Homogeneous.
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the starting point and the heel of the landing foot. The sub-
ject jumps forward from standing position without crossing
the line. The longer distance was recorded at the precision
of 0.1 cm. The repetitive side jump recorded the number
of touching or crossing the tape when a subject jumps back
and forth on 2 feet between 2 lines 35 cm apart. In standing
on one leg while closing the eyes, the subject keeps standing
on one foot while raising the other foot and putting both
hands on the waist. The time until the balance lost was
measured twice at 0.1-second interval and the average time
was recorded. The modified Harvard step test, the subjects
climbs on a block with a height of 30 cm for 3 minutes at
a pace of 30 steps a minute. The pulses were recorded be-
tween 1 minute and 90 seconds, 2 minutes and 150 seconds
and 3 minutes and 210 seconds during the restoration peri-
od and the PEI was calculated using the formula [PEI=
{Exercise time (second)/Total number of pulses for 3
timesx2}x100].

6. Taekwondo training program

The Taekwondo training ran for 16 weeks and lasted for
50 minutes a day, 5 times a week with 5 minutes of warm-up
and cool-down, including 40 minutes of center work. The
warm-up consisted of stretching and auxiliary exercises like
jumping and light running. The center work consisted of
kicking, poomsae and basic movement.

Statistical analysis

Means and the standard deviations were calculated using
SPSS version 18.0. A one-way ANOVA was used to de-
termine the statistical differences in physical fitness before
and after Taekwondo training as well as to assess the dif-
ference between groups in the IGF-1 polymorphism. The

Table 1. The allele distribution of the IGF-1 for the children

Number of
CA repetition

Length of the

0,
opponents (bp) Number (%)

186 16 8 (9.1)
188 17 11 (12.5)
190 18 44 (50.0)
192 19 10 (11.4)
194 20 12 (13.6)
196 21 3 (3.4)
Total 88 (100)

Scheffe method was adopted for post-hoc comparisons. The
level of significance was set at 0.05 for the overall analysis.

RESULTS

The comparison of the allele frequency in the IGF-1
gene and the polymorphism

As shown in Table 1, 6 alleles were observed in the IGF-1
gene and the CA repeat distribution ranged from 16 to 21.
The 18 CA repeat revealed the highest frequency of 50.0%,
followed by 13.6% for the 20 CA repeat, 12.5% for the 17
CA repeat and 11.4% for the 19 CA repeat. 75.5% of the
subjects had at least one 18 CA repeat which was consid-
ered as a wild type. Table 2 presents the analysis of the
IGF-1 gene polymorphism and 11 subjects (256%) for the 18
CA repeat homozygote, 22 subjects (50%) for the hetero-
zygote and 11 subjects (25%) for the 18 CA repeat non-carrier.

The comparison of physical fitness and growth index
depending on the IGF-1 gene polymorphism

As shown in Table 3, there was no significant difference
in the physical fitness parameters which depend on the
gene polymorphism except for the back strength, standing
long jump and standing on one foot while closing the eyes,
which demonstrated consistent tendency to increase from
homozygote and heterozygote to non-carriers groups.

Table 4 shows the comparison of the body composition
depending on the gene polymorphism. There was no sig-
nificant difference in terms of body composition although
there was a tendency for the non-carriers group to be high.
Table 5 shows the comparison result depending on the gene
polymorphism. There was no significant difference in most
blood parameters. As shown in Table 6, the bone maturity
due to the gene polymorphism did not indicate significant

Table 2. The frequency in the IGF-1 gene polymorphism

Frequency

Gene polymorphism (number of students)

Homozygote 190/190 bp 25% (11)
Heterozygote 190 bp 50% (22)
Non-carriers 25% (11)

Total 100% (44)

Table 3. Comparison of physical fitness with IGF-1 gene polymorphisms

Items Homozygote Heterozygote Non-carriers
Grip-left (kg) 10.58+2.87 9.60+2.19 10.96+2.75
Grip-right (kg) 10.02+1.66 10.01+1.57 11.45+2.89
Back strength (kg) 24.14+4.11 24.57+2.03 25.95+3.18
Sit-up (time) 18.36+4.06 16.86+4.59 18.45+3.80
Sit & reach (cm) 4.74+5.31 7.62+4.72 7.61+4.55
Standing long jump (cm) 129.59+14.63 137.29+14.71 143.00+14.04
Repetitive side jump (time) 22.09+3.14 21.91+3.79 20.55+5.56
Standing on one foot while closing eyes (sec) 5.65+4.94 7.33+4.98 7.70+6.43
PEI 61.43+6.11 60.82+3.73 59.92+4.23

Values are meantstandard deviation.
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Table 4. Comparison of body composition with IGF-1 gene polymorphisms

Items Homozygote Heterozygote Non-carriers
Height (cm) 127.89+6.78 128.66+4.33 130.55+5.79
Sitting height (cm) 69.66+3.33 70.10+2.65 71.00+3.80
Body weight (kg) 28.41+4.74 26.39+2.86 31.21+8.80
BMI (kg/m?) 17.2942.05 16.03+1.01 18.13+4.06
Upper arm (cm) 18.60+1.96 17.55+1.32 19.22+3.57
Waist (cm) 56.01+6.33 52.26+4.69 57.55+9.10
Hip (cm) 65.20+5.40 61.38+4.43 65.73+6.28
Thigh (cm) 38.60+4.08 36.43+2.59 39.42+5.34
WHR 0.86+0.06 0.85+0.06 0.87+0.07
Chest (mm) 8.61+4.02 6.32+1.97 8.97+6.12
Abdomen (mm) 12.00+5.53 7.83+2.59 10.43+7.26
Thigh (mm) 16.06+4.53 13.97+3.51 16.92+6.75
LBM (kg) 22.28+2.80 21.41+1.84 23.80+4.06
%Fat 11.31+4.77 8.74+3.02 11.44+6.88
Fat mass (kg) 6.15+2.37 4.96+1.48 7.39+5.12

Values are meantstandard deviation.

Table 5. Comparison of blood parameters with IGF-1 gene polymorphisms

Items Homozygote

Heterozygote Non-carriers

IGF-1 (ng/dl) 145.82+45.60

117.03+39.12 146.47+35.54

Osteocalcin (ng/dl) 68.21+12.70 67.49+16.52 64.88+13.32
Glucose (mg/dl) 82.45+7.23 83.82+6.92 84.64+8.45
Insulin (£ IU/ml) 5.14+2.01 3.60+1.55 4.02+1.81
HOMA-IR 1.03+0.39 0.75+0.33 0.85+0.42
LDL-C (mg/dl) 86.54+19.39 100.00+£20.84 100.00£21.75
HDL-C (mg/dl) 64.75+£18.93 61.13+£10.41 60.55+12.09
TC (mg/dl) 160.00+23.07 166.86+25.64 167.09+20.92
TG (mg/dl) 56.45£20.40 46.00£11.87 45.27+10.33
Values are meantstandard deviation.
Table 6. Comparison of skeletal growth with IGF-1 gene polymorphisms
Items Homozygote Heterozygote Non-carriers

Bone score (scores) 210.00+22.08

Bone age (years) 6.83+1.11
Expected height (cm) 176.28+3.34
Height difference (cm) 48.65+2.04
Bone age difference (yrs) 1.57+1.09

200.86+16.83 206.27+14.30

6.41+0.75 6.64+0.53
177.67+£3.97 181.21+4.52*

49.48+1.79 49.90+2.14

1.98+0.80 1.70+£0.60

Values are meantstandard deviation, *Significant difference with the homozygote (p<0.05).

difference in bone score, bone age and height. However, the
expected height in adult displayed a significant difference
and was found to be significantly higher than the homo-
zygote group (p<0.05).

Changes in the growth index before and after Taekwondo
training according to the IGF-1 gene polymorphism

Fig. 2 shows the analysis of the physical fitness before
and after Taekwondo training according to the IGF-1 gene
polymorphism. The right grip exhibits a significant differ-
ence among the groups while the homozygote group sig-
nificantly increased compared to the non-carrier group

(p<0.05). The standing on one foot while closing the eyes
and the PEI significantly increased in the non-carrier group
compared to the heterozygote group (p<0.05).

Fig. 3 shows the analysis of the body composition before
and after Taekwondo training according to the IGF-1 gene
polymorphism. The homozygote group presented significant
increase in the thigh circumference compared to the hetero-
zygote group (p<0.001) and the non-carrier group (p<0.05).

Fig. 4 shows the analysis of the blood before and after
Taekwondo training according to the IGF-1 gene polymor-
phism. There was a significant increase in IGF-1 in the het-
erozygote group compared to the non-carrier group (p<0.05).
The homozygote and the non-carrier group demonstrated
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significant decrease in glucose compared to the hetero-
zygote group (p<0.05). The HOMA-IR exhibited significant
decrease in the homozygote group compared to the hetero-
zygote group (p<0.05). There was no significant difference
among the groups although there was a tendency for the
values to decrease.

DISCUSSION

The IGF-1 gene expresses the gene polymorphism de-
pending on the component of the promoter around the 5'
UTR and the length of the repetition on the CA repeat of
the IGF-1 gene promoter. The number and the frequency
have been variably reported among different races because
the CA repeat number exhibits the distribution from 10 to
24 [6]. There was a 40~60% of the 19 CA repeat among
Cocasian [6,8] and a 32.6% of the 18 CA repeat among the
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Fig. 4. Difference before and after the Taekwondo training for the
blood factor depending on the IGF-1 gene polymorphisms *p<0.05,
#*p<0.01, "p<0.001.

African American [9]. Among Asians, Japanese shows
41.2% of the 19 CA repeat [10] and the Chinese demon-
strated 36.3% of the 20 CA repeat [11]. Prior studies on
the Koreans indicated that the 17 CA repeat revealed the
highest frequency for the women in their menopause at
26.2% [12] while the 19 CA repeat was the highest for chil-
dren and adolescents at 38.9% [13] and the obese male mid-
dle school students at 37.5% [14]. In addition, it was re-
ported that the children with an average age of 9 and 10
years old showed that the 19 CA report was the highest
at 40.9% [15] and 41.3% [16], respectively. The study cited
the range of the CA repeat from 16 to 21 and the 18 CA
repeat presented the highest frequency of 50.0%, followed
by the 20 CA repeat and the 17 CA repeat at 13.6% and
12.5%, respectively. The result is contrary to prior studies
due to some features concerning race and age.

The IGF-1 gene polymorphism affects muscular strength
[17], positively affects the assimilation process of skeletal
muscles [2], and acts as a factor in protein assimilation by
the growth hormone [18,19]. It was proposed that the IGF-1
gene polymorphism played an important role in improving
muscular strength, for the muscle volume largely depends
on the IGF-1 gene polymorphism [17] but Kim [15] sug-
gested otherwise even in muscular endurance and car-
diovascular endurance. Furthermore, no difference was
found among the gene polymorphism groups as a result of
comparing the IGF-1 gene polymorphism and the physical
fitness after playing basketball [20]. Meanwhile, Ahn and
Kim [14] asserted that the homozygous group obese male
middle school students showed high improvement in the
grip and the sit-ups after complex exercise for 12 weeks
after comparing the effect of the exercise on improving the
physical fithess depending on the IGF-1 gene polymorphism.
The grip (right) exhibited a significant difference among the
gene polymorphism groups, while there was a significant
increase (p<0.05) in the homozygote group compared to the
non-carrier group, which is consistent to the positive effects
of IGF gene on muscular strength or volume in prior studies
[2,17]. In addition, standing on one foot while closing eyes
and the PEI displayed significant difference among the
groups, this means that there was a significant increase
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in the non-carriers group compared to the heterozygote
group (p<0.05). Although the results suggest a tendency
for Taekwondo training to affect physical fitness depending
on the gene polymorphism, this training effects can not ac-
cepted the consistency.

Bones grow from birth to the age of 20, reaching the peak
bone mass. Regular exercise during childhood and adult-
hood causes the osteoblasts in the human body to stimulate
the bones and helps the bone’s regeneration [21]. It is pro-
posed that it is most effective to increase the peak bone
mass during childhood to adolescence to prevent fracture
due to osteoporosis [22]. Studies comparing the body compo-
sition, blood lipid factor and physical fitness level depend-
ing on the IGF-1 of children illustrated that the bone ma-
turity of children do not have difference among the gene
polymorphism groups [15]. On the other hand, the studies
on the effects of a complex exercise depending on the IGF-1
gene polymorphism proposed that there was no difference
in the expected height, bone score and bone age among the
groups according to polymorphism [23]. Meanwhile, the
analysis of bone among the children with an average age
of 9 explained that the homozygous group revealed a high
tendency [20]. The study did not indicate a significant dif-
ference in bone age and bone score depending on the gene
polymorphism but the homozygote group demonstrated a
relatively high tendency compared to the other 2 groups,
which was similar to previous studies. The expected height
among adults was significantly higher (p<0.05) for the
non-carrier groups than the homozygote group. Prior stud-
ies established that the IGF-1 gene polymorphism affected
the IGF-1 concentration in the blood and the weight and
height at birth. The 19 CA repeat non-carriers group re-
ported the lowest level [17]. Unlike some previous studies,
the non-carriers group revealed a high tendency compared
to the other 2 groups in body composition. A possible ex-
planation is that the impact of the IGF-1 gene in body com-
position is very high because the gene affects the cell differ-
entiation and the metabolic process [24]. It was also pro-
posed that the non-carrier group of the IGF-1 gene highly
increases the height, body fat, weight and the BMI of chil-
dren in their growth period [25], the IGF-1 gene poly-
morphism seems to cause significant differences in the
weight, BMI, body fat, waist and hip circumferences [26].
Kim et al. [20] pointed that the BMI and the WHR de-
creased for children who had played basketball for 3
months.

Meanwhile, the analysis of children with an average age
of 9 years old confirmed no significant difference in the
IGF-1 excretion in the blood, body composition, bone age
and complex exercise depending on the IGF-1 gene poly-
morphism during the growth period. There was, however,
an increase in body circumference and the subcutaneous
fat thickness [23]. No significant difference was found
among the groups after Taekwondo training for 16 weeks,
however, there were a decrease in BMI and an increase
in overall fat and subcutaneous fat thickness. In addition,
the thigh circumference exhibited significant difference in
the homozygote group (p<0.001) and the non-carriers group
(p<0.01) compared to the heterozygote group. This sug-
gests that kicking and basic exercise causes movement rep-
etition in the lower body, which in turn increase thigh cir-
cumference after Taekwondo training. However, this means
that IGF gene shows no critical effect on body composition.

Other studies argue that like the growth hormone, the
IGF-1 concentration increases after the exercise [27,28] but

is not largely depend on the exercise type or intensity or
the concentration decreases [29,30]. Kim [23] concluded
that there was no significant difference among the groups
as an effect of the complex exercise for 12 weeks according
to the IGF-1 gene polymorphism for children in their
growth period but the homozygous group demonstrated an
increasing tendency. The IGF-1 concentration in the blood
rises after the exercise. The study shows similar results to
previous studies in that the IGF-1 concentration in the
blood displayed significant difference among the groups and
significantly increasing in the heterozygote group (p<0.05),
meaning that it depends on the exercise type and exercise
frequency. The osteocalcin, the non-invasive differential
susceptibility of the bone metabolism process, plays a very
crucial role in the bone metabolism and is synthesized in
the osteoblast as the vitamin K-dependent calcium-binding
protein. Most of the substances are integrated into the bone
stroma and some are separated into the blood [31]. There
was no significant difference among the groups but there
was an increase in osteocalcin after the exercise for all the
groups.

The HDL-C, blood lipid profile, presented a tendency to
increase after Taekwondo training for 16 weeks and the
LDL-C, TC and TG indicated the opposite after Taekwondo
training although no significant difference was found
among the groups. The glucose significantly decreased in
the homozygote and the non-carriers groups compared to
the heterozygote group (p<0.05). The insulin decreased in
the homozygote and the non-carriers group and increased
in the heterozygote group without significant difference
among the groups. The HOMA-IR reported significant dif-
ference among the groups while the homozygote group sig-
nificantly decreased compared to the heterozygote group
(p<0.05). Although this change showed within normal
range, this change meant a positive response of insulin sen-
sitivity to exercise training. This is partly similar with the
results of Taekwondo training for 12 weeks where there
was an increase in the blood HDL-C and decreases the
LDL-C, preventing cardiovascular diseases and metabolic
diseases like diabetes or hypertension and providing pos-
itive impact on the bone formation indicator and hormone
[32]. It was expected that regular Taekwondo training
would positively affect the improvement in the blood factor
for children in their growth period.

The result above proposes that Taekwondo training may
affect the physical fitness and the growth index depending
on the IGF-1 gene polymorphism. In addition, regular
Taekwondo training is expected to positively improve the
physical fitness and the growth index of children in their
growth period. However, it is confirmed that the difference
between physical fitness and growth index according to the
IGF-1 gene polymorphism after the Taekwondo training is
not consistent as insufficient subjects number and training
effects, requiring longitudinal researches for a sampling of
more subjects in future investigation.
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