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Abstract

Taekwondo, including martial art competitions, involve explosive and quick movements of the lower extremities
and thus, require a high contribution of the anaerobic energy system. Previous findings indicate preferential
use of anaerobic or lactic acid system in taekwondo including martial art competitions. The aim of this study
was the knowledge about hormonal such as insulin-like growth factor 1 (IGF-1), testosterone and cortisol
responses between taekwondo fighting simulation (TFS) and traditional resistance exercise (RE) in elite tae-
kwondo athletes.

Eight Korea Armed Forces Athletic Corps taeckwondo athletes participated in our randomized cross-over study,
during three separate visits by a period of 7 days. Visit 1: measured of 1 repetition-maximum and given in-
formed; visit 2 and visit 3: 1) 2 sets of 8-reptition maximum each of squat, hip-abduction and leg-extension
exercises or 2) a TFS similar to a real taeskwondo match consisting of 3 rounds of 2 minutes were undertaken
by the participants. Blood samples were taken to determine insulin-like growth factor 1 (IGF-1), testosterone
and cortisol concentrations during pre exercise, immediate post exercise, and 15 minutes post exercise.

Results: IGF-1 concentration was greater at immediate post-exercise than pre exercise (p = 0.02) and post-15m (p =
0.003) after TFS, but any significant change was not detected after RE. Cortisol concentration was lower at
immediate post-exercise than pre- (p = 0.006) and at post-15m than pre- (p = 0.014) after RE, but any signif-
icant change was not detected after TFS. Testosterone concentration was greater at immediate post exercise
than pre- (p = 0.003) and reduced at post-15 minutes than immediate post exercise (p = 0.002) in the both
type of exercise.

Conclusion: Taekwondo competition affects hormonal response is similar to after resistance training in elite taeckwondo
athletes. Future studies are required to compare the hormonal responses by setting the same energy consump-
tion of TFS and RE. It is also important to study the differences in hormone changes with respect to physical
abilities of individuals.
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Taekwondo - noun is a combat
sport and was developed
during the 1940s and 1950s
by Korean martial artists.

Hormone - noun a substance
that is produced by one

part of the body, especially
the endocrine glands, and

is carried to another part of
the body by the bloodstream
where it has particular effects
or functions [35].

Crossover study - noun in a
randomized clinical trial, the
subjects are randomly assigned
to different arms of the

study which receive different
treatments.

1RM - individual's maximal
strength or 1 repetition
maximum [36].

Exercise - noun 1. physical or
mental activity, especially the
active use of the muscles as a
way of keeping fit, correcting
a deformity or strengthening a
part 2. a particular movement
or action designed to use

and strengthen the muscles «
verb 1. to undertake physical
exercise in order to keep fit
and healthy 2. to subject

the body, or part of it, to
repetitive physical exertion or
energetic movement in order
to strengthen it or improve its
condition [35].

Resistance training -noun
training that increases muscle
strength by working against
resistance such as a weighted
dumbbell or barbell [35].

Muscular strength - maximal
force or tension level produced
by a muscle or muscle

group [37].

Power - noun 1. physical
force or strength 2. the ability,
strength, and capacity to do
something [35].

Hypertrophy - noun an
increase in the number or size
of cells in a tissue [35].

Endurance - noun the ability
or power to bear prolonged
exertion, pain or hardship
endurance athlete [35].
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INTRODUCTION

Taekwondo, including martial art competi-
tions, involve explosive and quick movements
of the lower extremities and thus, require a
high contribution of the anaerobic energy sys-
tem [1]. Previous findings indicate preferential
use of anaerobic or lactic acid system in tae-
kwondo including martial art competitions [2-4].
Conventional resistance training is a well-estab-
lished technique of improving anaerobic abil-
ity [5]. High-intensity resistance exercise (RE) has
a positive effect on anabolic hormones such as
human growth hormone (HGH) and testosterone,
resulting in an adaptive response that increases
muscle strength, power, hypertrophy and endur-
ance [6]. Furthermore, evidence suggests that
resistance training is a powerful stimulus for
acute increase in circulating hormone levels (e.g.,
testosterone, HGH, and cortisol) [7-9].

It has been proposed that resistance training
should be designed and conducted in line with
the intended expected-outcome of the train-
ing because the resulting physical abilities can
be affected by the methods of training [10, 11].
Moreover, training variables such as intensity, rest
period, and repetition can differently affect the
magnitudes of acute hormonal responses [7, 12,
13]. Typically, effective exercise and training is
determined by the degree of training load and the
ability of the muscle to withstand the load [14-17].
Thus, it can be postulated that the expected-out-
come specific optimal type of training will have
a greater degree of positive hormonal responses,
and muscle energetics to achieve the goals of the
training. Several previous studies have suggested
that exercise can alter anabolic and catabolic
hormones simultaneously [18-20]. For example,
exercise can stimulate insulin like growth factor 1
(IGF-I) and testosterone which are anabolic hor-
mones, and increases cortisol levels which is a cat-
abolic hormone [21].

Traditionally, the technical training for tackwondo
includes exercises such as running and jump-
ing rope [2]. Resistance training (or RE) can be

thought to play an important role in improving
taekwondo performance by increasing anaerobic
performance while there is some evidence that
taekwondo fighting simulation (TFS) can alter hor-
monal responses, specifically catabolic hormones
in elite taekwondo athletes [3, 5]. However, not
much is known about the hormonal responses
of RE versus TS in elite taeskwondo athletes. This
knowledge can contribute for taekwondo perfor-
mance enhancement in that it can be utilized to
adjust training load and frequency, and recovery.

The aim of this study was the knowledge about
hormonal such as insulin-like growth factor 1
(IGF-1), testosterone and cortisol responses
between taekwondo simulation and traditional
resistance exercise in elite tackwondo athletes.

MATERIAL AND METHODS

Participants

Eight Korea Armed Forces Athletic Corps tae-
kwondo athletes volunteered to participate in
this study: age 24.9 +1.3 years; sport career 11.5
+1.8 years; height 181.6 +4.8 cm; body mass
75.2 12 kg; BMI 22.7 +2.8 kg/m?2. Only those
participants who cleared the medical screening
by their physicians and were declared fit to carry
out resistance exercises and competition sim-
ulations were selected. Additionally, exclusion
criteria consisted of any musculoskeletal injuries
or operations of the lower limbs within the past
year. Informed consent forms were obtained from
the participants before testing.

This study was approved by the Institutional
Review Board at Korea Institute of Sport Science,
Seoul, South Korea.

Experimental protocol

This research employed a randomized crossover
design in which participants completed two pro-
tocols. The study did not employ a true ran-
dom sample of participants, as the participants
were randomly assigned to either a traditional
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resistance exercise (RE) protocol or a tackwondo
fighting simulation (TS) protocol, during three
separate visits by a period of 7 days. First visited,
each participant’s 1 repetition-maximum (1-RM)
of squat, hip-abduction, and leg-extension were
measured and given their informed consents.
Respective 1-RM was used to calculate 8-RMs
respectively for each participant. Second visited
and third visited subjects in the two exercise pro-
tocols (TS and RE) performed.

The subjects completed a moderate-inten-
sity 5-minute warm-up with a stationary bike.
Immediately after warm-up, they performed 2
sets of squats (8-RMs) followed by hip-abduc-
tion and leg-extension exercises. A rest inter-
val of 90 seconds was provided in between the
two sets. Participants were instructed on how to
safely perform each resistance. The TFS consisted
of using the same methods as a real tackwondo
match which included: 1) match coaching advice,
2) following the Olympic Games rules and 3) con-
sisted of 3 rounds of taeckwondo of 2 minutes
each. All the testing was done in our research lab-
oratory at the Korea Institute of Sports Science.
All participants had 8 hours of fasting and 7
hours of sleeping time prior to their visits.

Blood collection and hormone analyses

Blood sampling was performed by a qualified med-
ical laboratory technologist. The right upper arm
vein was squeezed with a tourniquet in a sitting
position, the needle was inserted in the vein after
cleaning the site and finally blood was collected
in tubes. After 30 minutes of blood collection,
blood cells and plasma were separated through
a centrifuge (HF 300, Hanil scientific Inc., Korea)
to analyze the hormones (testosterone, cortisol
and IGF-1). Enzyme immunoassay was performed
using an enzyme-linked immunosorbant assay
(ELISA) kit (R&D systems Inc., Minneapolis, MN

Table 1. ANOVA table of IGF-1.
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55413, USA), and the color reaction was measured
at an absorbance of 450 nm by ELISA. The intra-
assay coefficient of variation of IGF-1 was 1.44 %,
cortisol was 10.18 % and testosterone was 6.28 %.

Statistical analyses

The 2 (group; TFS vs. RE) by 3 stages (pre-, IP-,
and post-15 minutes post exercise) two-way
within-subject factor ANOVA was used to exam-
ine whether exercise type and time influenced
hormonal responses. Results for each variable
are expressed as mean and standard deviation
(). Bonferroni was used for post-hoc analysis.
Normality of dependent variables were deter-
mined by Shapiro-Wilk tests. We performed our
statistical analysis by SPSS 23.0 statistical pack-
age (IBM Analytics, Chicago, IL). All significance
levels were set at p<0.05.

RESULTS

Changes in IGF-1 concentration

Results from two-way within-factor ANOVA
showed that main effect of stage of experiment
(F(2,14) = 6.40, p = 0.01, n2 = 0.48) and interac-
tion effect (F(2,14) = 3.72, p = 0.05, n2 = 0.35)
were statistically significant while main effect
of type of exercise (F(1,7) = 0.01, p = 0.92,
N2 = 0.00) was not significant (Table 1). Post-
hoc analysis using Bonferroni indicated that
IGF-1 concentration was greater at IP than Pre
(Mdiff = 12.17, SE = 3.2, p = 0.02) and at IP than
Post-15 (Mdiff = 10.6, SE = 1.95, p = 0.003) after
TFS (Table 2). Any significant change was not
detected after RE (Figure 1).

Changes in cortisol concentration

Results from two-way within-factor ANOVA
showed that main effect of stage of experi-
ment (F(2,14) = 10.53, p = 0.002, n2 = 0.60) and

Source SS df MS F p n’
Type of exercise 234 1.00 234

0.01 0.92 0.00
Error (type of exercise) 1564.16 7.00 223.45
Stage of experiment 668.61 2.00 334.31

6.40 0.01% 0.48
Error (stage of experiment) 731.42 14.00 52.24
Type - stage 148.47 2.00 74.23

373 0.05% 0.35
Error (type - stage) 278.40 14.00  19.89

*p<0.05

Performance - noun the level
at which a player or athlete

is carrying out their activity,
either in relation to others or
in relation to personal goals or
standards [35].

Technique- noun a way of
performing an action [35].

Recovery - noun 1. in
swimming or rowing, the
bringing forward of the arm
to make another stroke 2. the
process of returning to health
after being ill or injured [35].

Warm-up - noun an exercise or
a period spent exercising before
a contest or event [35].

Match - noun 1. a contest
between opponents, especially
a sporting contest 2. somebody
or something capable of
competing equally with another
person or thing [35].

Training load - “A simple
mathematical model of
training load can be defined
as the product of qualitative
and quantitative factor. This
reasoning may became unclear
whenever the quantitative
factor is called ‘workload
volume’ or ‘training volume’
interchangeably with ‘volume
of physical activity’. Various
units have been adopted as
measures i.e. the number of
repetitions, kilometres, tons,
kilocalories, etc. as well as
various units of time (seconds,
minutes, hours) (...) As in the
real world nothing happens
beyond the time, the basic
procedure of improvement

of workload measurement
should logically start with
separation of the time factor
from the set of phenomena
so far classified together as
‘workload volume’. (...) Due to
the fact that the heart rate (HR)
is commonly accepted as the
universal measure of workload
intensity, the product of effort
duration and HR seems to be
the general indicator of training
load defined as the amount of
workload. It is useful in analyses
with a high level of generality.
(...) In current research and
training practice the product
of effort duration and HR was
referred to as conventional
units’ or further calculations
have been made to convert it
into points.” [38, p. 238].
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Table 2. Measurements of each hormone concentration (unit: ng/mL) in taekwondo athletes (n = 8) during stages of
the experiment under the influence of various types of exercises — variable are evaluated by mean and SD ().

Type of exercise
Hormone Stage
taekwondo fighting simulation resistance exercise
Pre 133.39 +20.96 137.74 +25.51
IGF-1 IP 145.56 +20.19 141.38 +22.48
Post-15 134.96 +21.84 136.13 +26.68
Pre 107.17 +10.67 128.43 +14.08
Cortisol IP 96.6 +16.95 97.3 +18.79
Post-15 109.47 +19.74 95.25 +254
Pre 12.55 +2.73 1.22 +1.95
Testosterone 1P 14.53 +3.85 12.36 +1.97
Post-15 12.86 +3.19 1.2 +1.52

Pre pre exercise; IP immediate post exercise; Post-15 fifteen minutes post exercise

interaction effect (F(2,14) = 10.53, p = 0.002,
N2 = 0.60) were statistically significant while
main effect of type of exercise (F(1,7) = 0.19,
p = 0.67,1n2 = 0.03) was not significant (Table 3).
Post-hoc analysis using Bonferroni indicated that
cortisol concentration was lower at IP than Pre
(Mdiff = -31.14, SE = 6.46, p = 0.006) and at
Post-15m than Pre (Mdiff = -33.18, SE = 8.15,
p = 0.014) after RE (Table 2). Any significant
change was not detected after TFS (Figure 2).
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Changes in testosterone concentration

Results from two-way within-factor ANOVA
showed that only main effect of stage of experi-
ment (F(2,14) = 25.73, p<0.001, n2 = 0.79) was
statistically significant while main effect of type
of exercise (F(1,7) = 4.89, p = 0.06, n2 = 0.41)
and interaction effect (F(2,14) = 0.95, p = 0.41,
n2 = 0.12) were not significant (Table 4). Post-hoc
analysis using Bonferrroni adjustment for main
effect of time indicated that testosterone concen-
tration was greater at IP than Pre (Mdiff = 1.56,

—

== TS

Pre

P Post-15

Figure 1. Changes in serum IGF-1 concentration during stages of the experiment under the influence of various types
of exercises (TFS taekwondo fighting simulation; RE resistance exercise; Pre pre exercise; IP immediate post exercise;

Post-15 fifteen minutes post exercise).
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Table 3. ANOVA table of cortisol.
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Source SS df

MS F p 1’

Type of exercise 79.80 1.00

79.8

Error (type of exercise) 2878.76 7.00

0.19 0.67 0.03
411.25

Stage of experiment 3745.92 2.00

1872.96

Error (stage of experiment)

2489.56 14.00

10.53 0.002* 0.60
177.83

Type - stage 2540.40 2.00

1270.2

Error (type - stage)

1689.22 14.00

10.53 0.002* 0.60
120.66

*p< 0.05

P — —

(73] £ n

(=] (=] [(—]
L L |

Cortisol Concentration (ng/mL)
™)
(=]

<]
<

=+ TFS
-m- RS

Pre P

Post-15

Figure 2. Changes in serum cortisol concentration during stages of the experiment under the influence of various
types of exercises (TFS taekwondo fighting simulation; RE resistance exercise; Pre pre exercise; IP immediate post

exercise; Post-15 fifteen minutes post exercise).

SE = 0.29, p = 0.003) and lower at Post-15 than
IP (Mdiff = -1.42, SE = 0.25, p = 0.002) in the
both type of exercise (Table 2 and Figure 3).

DISCUSSION

The main findings of this study were: 1) IGF-1
levels increased immediately at IP and decreased
at post-15 minutes after the TFS; 2) cortisol level
under influence the RE decreased continuously
immediately at IP and at post-15 minutes; 3) tes-
tosterone levels increased at IP and decreased at
post-15 minutes after both types of exercises.

The lack of acute hormonal response due to
RE may be in part, due to the time to reach
the peak value after the release of stimulated
growth hormone [22]. Lack of IGF-1 response
post RE is not surprising as it has been reported

before [23-25]. Typically, growth hormone
stimulates mRNA synthesis after which it may
take up to 9 hours for the release of IGF-1
from the liver source to its peak value [26].
Since, IGF-1 is an anabolic hormone, it could
be inferred that TFS versus IGF-1 contributed
more to the anabolism of skeletal muscle than
the RE in this study.

Unexpectedly, cortisol levels decreased imme-
diately after exercise in both the types of exer-
cises compared to pre-exercise. In case of TFS,
it increased at 15 min after exercise than at
pre-exercise and continued to decrease with
time during the RE. Previous studies have
shown that high-intensity vs low intensity exer-
cise increased cortisol secretion to a greater
degree [27]. Moreover, increased secretion of
cortisol has been reported after acute resistance
exercise [20]. Davies and Few [28] reported that

© ARCHIVES OF BUDO | HEALTH PROMOTION AND PREVENTION

2019 | VOLUME 15 | 79



Original Article

Table 4. ANOVA table of testosterone.

Source SS df MS F p n?
Type of exercise 35.57 1.00 35.57
4.89 0.06 0.41
Error (type of exercise) 50.88 7.00 7.27
Stage of experiment 23.80 2.00 11.90
2573 0.00* 0.79
Error (stage of experiment) 6.47 14.00 0.46
Type - stage 142 2.00 0.71
0.95 0.41 0.12
Error (type - stage) 10.40 14.00 0.74
*p<0.05
o)
16 -
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Figure 3. Changes in serum testosterone concentration during stages of the experiment under the influence of various
types of exercises (TFS taekwondo fighting simulation; RE resistance exercise; Pre pre exercise; IP immediate post

exercise; Post-15 fifteen minutes post exercise).

exercise with an intensity of 60% or more of
VO2max increases cortisol concentration and
exercise at a lower intensity reduces it.

Results of our study are in contrast to previous
studies. Because stress hormones such as corti-
sol differ in the amount of secretion depending
on the level of fitness, it is conceivable that an
athlete may have different results from the same
level of exercise intensity [28]. In addition, resis-
tance exercise in our study showed a continuous
decrease in cortisol. On the other hand, in view of
the relationship with other hormonal responses
(greater IGF-1 and testosterone responses dur-
ing the TFS), it may be interpreted that resistance
exercise was not enough to cause micro damage
of muscles. Although there was a significant dif-
ference in the cortisol levels at rest between the

two types of exercises, nevertheless, both types
showed a decrease in cortisol levels immediately
after exercise. Thus, it could be inferred that var-
jous factors could influence hormone secretion,
such as exercise intensity, number of sets, and
number of repetitions.

It is well-established that RE elevates testoster-
one concentration [13, 23, 25, 29-32]. Increased
testosterone after RE plays an important role in
adaptation and muscle growth of skeletal muscle.
Previous studies related to various exercise train-
ing methods have shown that changes in rest-
ing concentration related to the acute response
of growth hormone or the ratio of testosterone,
cortisol, and testosterone / cortisol are closely
related to changes in muscle size and muscle
strength [11, 33, 34].
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The results of our study showed that both types
of exercises increased testosterone hormone lev-
els immediately after exercise compared to pre
exercise and decreased at 15 minutes after exer-
cise. There was no interaction effect between the
types of exercises and stages of experiment, and
only the main effect stages of experiment was
statistically significant. Thus, it may be inter-
preted that TFS and RE affected anabolic hor-
monal response to the same degree in examined

Eonho K et al. - Hormonal responses...

in elite taeskwondo athletes. Future studies are
required to compare the hormonal responses by
setting the same energy consumption of TFS and
RE. It is also important to study the differences in
hormone changes with respect to physical abili-
ties of individuals. Finally, taking into account the
relationship of IGF-1 to growth hormone release,
an attempt is also needed to confirm the chronic
response of the hormone.

of taekwondo athletes population.

CONCLUSIONS
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Our study showed that both RE and TFS can
affect hormonal response to the same degree

REFERENCES

1. Lin WL, Yen KT, Lu CYD et al. Anaerobic capac-
ity of elite Taiwanese Taekwondo athletes. Sci
Sports 2006; 21(5): 291-293

2. Bouhlel E, Jouini A, Gmada N et al. Heart rate
and blood lactate responses during Tackwondo
training and competition. Sci Sports 2006; 21(5):
285-290

3. Pilz-Burstein R, AshkenaziY, Yaakobovitz Y et al.
Hormonal response to Taekwondo fighting sim-
ulation in elite adolescent athletes. Eur J Appl
Physiol 2010; 110(6): 1283-1290

4. Campos FA, Bertuzzi R, Dourado AC et al. Energy
demands in taekwondo athletes during com-
bat simulation. Eur J Appl Physiol 2012; 112(4):
1221-1228

5. Jill M, Slade TAM, Jennifer H et al. Anaerobic
Power and Physical Function in Strength-
Trained and Non-Strength-Trained Older
Adults. J Gerontol A Biol Sci Med Sci 2002;
57(3): M168-M172

6. Kraemer WJ, Ratamess NA. Hormonal responses
and adaptations to resistance exercise and train-
ing. Sports Med 2005; 35(4): 339-361

7. Kraemer WJ, Marchitelli L, Gordon SE et al.
Hormonal and growth factor responses to heavy
resistance exercise protocols. J Appl Physiol
1990; 69(4): 1442-1450

8. McCall GE, Byrnes WC, Fleck SJ et al. Acute and
chronic hormonal responses to resistance train-
ing designed to promote muscle hypertrophy.
Can J Appl Physiol 1999; 24(1): 96-107

9. Bosco C, Colli R, Bonomi R et al. Monitoring
strength training: neuromuscular and hor-
monal profile. Med Sci Sports Exerc 2000;
32(1): 202-208

10.Campos GE, Luecke TJ, Wendeln HK et al.
Muscular adaptations in response to three dif-
ferent resistance-training regimens: specificity

of repetition maximum training zones. Eur J
Appl Physiol 2002; 88(1-2): 50-60

11. Fry AC. The role of resistance exercise intensity
on muscle fibre adaptations. Sports Med 2004;
34(10): 663-679

12. Hakkinen K. Neuromuscular fatigue and recov-
ery in male and female athletes during heavy
resistance exercise. Int J Sports Med 1993;
14(2): 53-59

13. Ahtiainen JP, Pakarinen A, Kraemer WJ et al.
Acute hormonal and neuromuscular responses
and recovery to forced vs maximum repetitions
multiple resistance exercises. Int J Sports Med
20083; 24(6): 410-418

14. Pieter W, Taaffe D, Heijmans J. Heart rate
response to taekwondo forms and technique
combinations. A pilot study. J Sports Med Phys
Fitness 1990; 30(1): 97-102

15. Heller J, Peric T, Dlouha R et al. Physiological
profiles of male and female taekwon-do (ITF)
black belts. J Sports Sci 1998; 16(3): 243-249

16.Melhim AF. Aerobic and anaerobic power
responses to the practice of taekwon-do. BrJ
Sports Med 2001; 35(4): 231-234

17.Markovi¢ G, Misigoj-Durakovi¢ M, Trninic S.
Fitness profile of elite Croatian female taekwondo
athletes. Coll Antropol 2005; 29(1): 93-99

18. Mulligan SE, Fleck SJ, Scott E et al. Influence of
Resistance Exercise Volume on Serum Growth
Hormone and Cortisol Concentrations in Women.
J Strength Cond Res 1996; 10(4): 256-262

19.Hansen S, Kvorning T, Kjaer M et al. The effect
of short-term strength training on human skel-
etal muscle: the importance of physiologically
elevated hormone levels. Scand J Med Sci Sports
2001; 11(6): 347-354

20.Tarpenning KM, Wiswell RA, Hawkins SA et
al. Influence of weight training exercise and

modification of hormonal response on skel-
etal muscle growth. J Sci Med Sport 2001;
4(4): 431-446

21.Eliakim A, Portal S, Zadik Z et al. The effect of
a volleyball practice on anabolic hormones and
inflammatory markers in elite male and female
adolescent players. J Strength Cond Res 2009;
23(5): 1553-1539

22. Kraemer WJ, Fleck SJ, Dziados JE et al. Changes
in hormonal concentrations after different heavy-
resistance exercise protocols in women. J Appl
Physiol 1993; 75(2): 594-604

23.Chandler RM, Byrne HK, Patterson JG et al.
Dietary supplements affect the anabolic hor-
mones after weight-training exercise. J Appl
Physiol 1994; 76(2): 839-845

24.Kraemer WJ, Aguilera BA, Terada M et al.
Responses of IGF-I to endogenous increases
in growth hormone after heavy-resistance exer-
cise. J Appl Physiol 1995; 79(4): 1310-1315

25. Kraemer WJ, Volek JS, Bush JA et al. Hormonal
responses to consecutive days of heavy-resis-
tance exercise with or without nutritional supple-
mentation. J Appl Physiol 1998; 85(4): 1544-1555

26.Berelowitz M, Szabo M, Frohman LA et al.
Somatomedin-C mediates growth hormone neg-
ative feedback by effects on both the hypothala-
mus and the pituitary. Science 1981; 212(4500):
1279-1281

27. Williams AG, Ismail AN, Sharma A et al. Effects
of resistance exercise volume and nutritional
supplementation on anabolic and catabolic hor-
mones. Eur J Appl Physiol 2002; 86(4): 315-321

28. Davies CT, Few JD. Effects of exercise on adre-
nocortical function. J Appl Physiol 1973; 35(6):
887-891

29.Weiss LW, Cureton KJ, Thompson FN.
Comparison of serum testosterone and

© ARCHIVES OF BUDO | HEALTH PROMOTION AND PREVENTION

2019 | VOLUME 15 | 81



Original Article

androstenedione responses to weight lifting
in men and women. Eur J Appl Physiol Occup
Physiol 1983; 50(3): 413-419

30. Hickson RC, Hidaka K, Foster C et al. Successive
time courses of strength development and ste-
roid hormone responses to heavy-resistance
training. J Appl Physiol 1994; 76(2): 663-670

31.Kraemer WJ, Fleck SJ, Maresh CM et al. Acute
hormonal responses to a single bout of heavy
resistance exercise in trained power lifters
and untrained men. Can J Appl Physiol 1999;
24(6): 524-537

32.Tremblay MS, Copeland JL, Van Helder W.
Effect of training status and exercise mode

on endogenous steroid hormones in men. J
Appl Physiol 2004; 96(2): 531-539

33.Hakkinen K, Pakarinen A, Alen M et al.
Neuromuscular and hormonal adaptations in
athletes to strength training in two years. J
Appl Physiol 1988; 65(6): 2406-2412

34.Kraemer W. A Series of Studies—The
Physiological Basis for Strength Training in
American Football: Fact Over Philosophy.
J Strength Cond Res 1997; 11(3): 131-142

35.Dictionary of Sport and Exercise Science.
Over 5,000 Terms Clearly Defined. London:
A & B Black; 2006

36.Jidovtseff B, Harris NK, Crielaard J-M et al.
Using the load-velocity relationship for 1RM
prediction. J Strength Cond Res 2011; 25(1):
267-70

37.Heyward VH. Advanced fitness assessment
and exercise prescription. 5th ed. Champaign:
Human Kinetic; 2006

38.Kalina RM. Methodology of measurement,
documentation and programming optimal
workload continuous with variable inten-
sity - applications in sports medicine, phys-
iotherapy, geriatrics, health-related training,
sport for all. Arch Budo 2012; 8(4): 235-249

taekwondo athletes. Arch Budo 2019; 15: 75-82

Cite this article as: Kim E, Singh H, Oh H et al. Hormonal responses to taekwondo fighting simulation versus conventional resistance exercise in young elite

82 | VOLUME 15 | 2019

www.archbudo.com




