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Immunological changes in elite adolescent
female athletes during Taekwondo competitions
were investigated on-field. 6 female athletes
(16.7 ± 0.8 year-old) volunteered and performed
5 bouts of demonstration Taekwondo competitions simulating real tournaments in intensity,
duration, and break-time intervals on the same
day. Blood samples were taken before, after the
competitions and during the recovery, respectively. Immunological changes and oxidative
stress in peripheral blood mononuclear cells
were evaluated by flow-cytometry. During the
competitions, exercise intensity was 92.2 ± 3.8 %
(86.1~95.7) of the maximal heart rate. Blood
lactate increased immediately after the competitions (p = 0.0165) and decreased to baseline

Introduction
▼
Taekwondo is the national martial art and sport
of Korea with a 5 000 year history, and has gained
an international reputation as a global sport.
After the World Taekwondo Federation (WTF)
was admitted to the International Olympic Committee (IOC) in 1980, Taekwondo became a demonstration sport in the 1988 and 1992 Olympic
games, and it was finally admitted as an oﬃcial
event in the Sydney 2000 Olympiad [7, 10].
Taekwondo is characterized by fast, high, and
spinning kicks, as the name means “the art of
kicking and punching”. In international tournaments such as the Olympic Games or World Taekwondo Championships, Taekwondo competition
is composed of 3 rounds that compete for 3 min
and rest for 1 min between the competitions. For
the finals, athletes have to compete more than 5
to 7 times during a single day [8, 48], and experience physiological changes including accumula* The authors contributed equally.
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during recovery. Intracellular reactive oxygen
species (ROS) in the peripheral blood increased
continuously during recovery (p < 0.05, respectively). Natural killer cells increased immediately
after the competitions (p = 0.0006), and decreased
during recovery. B and T cells increased immediately after the competitions and remained
elevated throughout recovery (p < 0.05, respectively). CD4/CD8 ratio after the competitions
was decreased (p = 0.0091) and returned to baseline during recovery. These results suggest that
the immunological function of the elite female
adolescent athletes could be attenuated after
Taekwondo competitions. Further large-scaled
Taekwondo studies on immunologic and apoptotic changes related to oxidative stress should
be performed for improving and protecting the
health of adolescent athletes.

tion of hydrogen ion, phosphorus, ammonia and
lactate, aﬀecting muscle metabolism, local muscle fatigue, and neuromuscular activities [19, 38].
Such an excessive amount of either acute physical activity or intensive training can cause a temporary modulation of immune function [14, 27].
In response to acute exercise, lymphocyte subpopulations in vascular compartment, such as
natural killer (NK) cells, B cells, and T cells
increase and fall below pre-exercise values after
exercise [16]. Furthermore, high intensity exercise, such as 45 min of 80 % VO2max intensity
treadmill exercise, is associated with a decrease
in mitogen-stimulated lymphocyte proliferation
immediately after exercise compared to resting
values [28].
These strenuous physical activities can result in
immune suppression and reduction of lymphocytes immediately after exercises, and this is
associated with an increased susceptibility to
viral infections [13, 26]. One of the possible
explanations for immune suppression and loss of
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Table 1 Physical characteristics of the subjects.
Characteristics

Values1

age (years)
height (cm)
weight (kg)
body fat ( %)
VO2max (ml/kg/min)
heart rate maximum (beat/min)

16.7 ± 0.8
163.2 ± 5.3
58.6 ± 12.8
15.4 ± 7.4
49.2 ± 4.8
188.3 ± 8. 9

1

Values are mean ± SD of 6 independent subjects

Initial subjects
(n=23)
Excluded
Past Taekwondo
training period

3 years or more
(n = 18)

less than 3
years (n = 5)

Excluded
Past experience of
participation in the
national tournaments

Past experience of
Semifinalist and/or
Finalist in the national
tournaments

No
(n = 2)

Yes
(n = 16)

Excluded
Yes
(n = 6)

No
(n = 10)

Final subjects
(n = 6)

Fig. 1 A flow chart indicating subject selection process.

Materials and Methods
▼
Subjects
23 female Taekwondo athletes of a high school located in the
Republic of Korea were recruited. They were healthy and were
not currently taking any medication. Among them, 6 athletes,
who had similar technical skills, trained 20 h a week, and who
had participated in the semifinals or final of the national Taekwondo tournaments for at least the past 3 years, were selected
▶ Fig. 1). Their physical characteristics are shown in ●
▶ Table 1.
(●
Informed consent was obtained from all of the subjects and their
parent(s)/guardian. This study was approved by the Institutional
Review Board of Kwandong University College of Medicine,
Myongji Hospital (Goyang, Republic of Korea) for the protection
of human subjects and was performed in accordance with the
ethical standards of the International Journal of Sports Medicine
[15].

Scheme of study
Subjects underwent a pre-test for analysis of their physical characteristics, and demonstrated a Taekwondo tournament similar
to a real-life tournament. To avoid any potential influence on
subject’s exercise performance, all subjects were requested to
abstain from taking caﬀeine, vitamins, food and exercise during
the 6 h preceding pre-test or demonstrated Taekwondo tournament. The pre-test and competitions were held between 14:00
and 16:00 h. Prior to the study, all subjects had tutorials to
become familiarized with the equipment and protocols for this
study.
Blood samples were collected prior to the tournament, after the
end of the tournament, and after 0.5 and 24 h of the recovery

▶ Fig. 2a). During the recovery phase, subphase, respectively (●
jects were provided with the same restricted meals that satisfied essential nutrients requirement. This was standardized for
all participants.

Preliminary measurement of baseline characteristics
Body composition ( %body fat) was assessed by bioelectrical
impedance analysis (BIA) and Body Composition Analyzer Model
310 (Biodynamics, Seattle, WA, USA), and heart rate (HR) during
the tournament was transmitted by Polar T31 transmitter (Polar
Electro, Lake Success, NY, USA) and detected by MetaMax 3B
Receiver (Cortex, Leipzig, Germany).
To measure the maximal oxygen uptake (VO2max), we had the
subjects perform a maximal test on the Q65 treadmill (Quinton,
Seattle, WA, USA) according to the Bruce protocol [2]. During this
test, Borg’s 15RPE scale was used as an indication of impending
fatigue [4]. Oxygen consumption during exercise was measured
by MetaMax 3B (Cortex). HR and oxygen consumption were analyzed by MetaSoft Ver. 3.9.5 (Cortex).

Demonstrated Taekwondo tournament
In order to satisfy conditions like those of a real tournament such
as exercise intensity, the number of competitions, or break time
between each competition, subjects performed 5 rounds of the
Taekwondo competition [7]. Each competition was composed of 3
matches for 3 min and rest for 60 s between the matches. Break
time between each competition was allowed from 40 min to
▶ Fig. 2b).
10 min in a gradually decreasing pattern (●
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lymphocytes during sports competitions is apoptotic cell death,
whereas this type of programmed cell death does not occur in
inflammation [16]. Reactive oxygen species (ROS) generation is
one of the signals that induce apoptosis in lymphocytes [34].
Many studies have demonstrated that heavy exercise induces
apoptotic cell death and intracellular ROS generation [17, 31, 50].
Vider et al. demonstrated that physical exercise with heavy
intensity (80 % VO2max, 1 h) increased oxidative stress and NF-κB
activation in human peripheral blood lymphocytes [50]. In
mouse studies, caspase 3, one of the downstream targets for
intracellular signalling of apoptosis, activated thymocytes after a
single intensive bout of treadmill running (26 m/min, 6 degrees
slope, 90 min) [31], and annexin-V, a marker for early apoptosis,
is increased in intraepithelial intestinal T cells 24 h after treadmill running (32 m/min, 8 degrees slope, 90 min) [17].
A temporary suppression of immune function and increased
susceptibility to viral infection after various exhausting exercises has already been reported in many studies [42]. However,
these investigations focused mainly on easily accessible physical
activities categorized into intensity, duration, and type of exercise. Immunological changes during martial arts competitions
including Taekwondo, which require more complex and dynamic
physical activities, have not yet been fully investigated.
This study investigated the physiological and immunological
changes experienced by female adolescent athletes during Taekwondo competitions by simulating the tournaments leading up
to the final match. In addition, this approach could provide ideas
for the improvement and protection of the health of female adolescent athletes.
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a
Recovery (hr)

Demonstrated Taekwondo tournament

0

Rest

Blood sampling

0.5

24

Blood sampling

Fig. 2 Study design. a Blood samples were
obtained at rest, and 0, 0.5 and 24 h after the
demonstration Taekwondo tournament. b Scheme
of the demonstration Taekwondo tournament. 5
rounds of competition composed of 3 matches for
3 min and rest for 60 s between the matches. Break
time between each competition was oﬀered from
40 min to 10 min in a gradually decreasing pattern.

3rd match

2nd match
Rest for
60 sec
3rd match

HR was monitored for all subjects, and oxygen consumption was
measured for one of the subjects in the first competition of the
tournament. According to the manufacturer’s instructions, the
MetaMax 3B is a mobile, mains independent indoor and outdoor
metabolic exercise testing system for various sports activities.
The exercise intensity was calculated by the HR reserve (HRR)
method [21] and VO2reserve (VO2R) method, respectively
[24, 53].

Blood lactate levels
For the determination of blood lactate concentration levels,
serum samples were collected from each subject and analyzed
by Ektachem DT 60II (Kodak, Rochester, NY, USA). Briefly, peripheral venous blood was collected from the antecubital vein of the
subjects used by plain vacuum tube, and spun down at 1 000 × g,
at 4 °C for 30 min. The serum was separated and immediately
stored at − 70 °C. The measurement of the blood lactate levels
was duplicated.

Isolation of PBMCs
To isolate peripheral blood mononuclear cells (PBMCs), peripheral venous blood was collected from the antecubital vein of the
subjects. Heparin-containing vacuum tubes were used to collect
10 ml of blood. Ficoll-Hypaque density centrifugation was performed as follows. The samples were mixed into the same
amount of PBS (phosphate based saline). The diluted blood samples were overlaid on 12.5 ml of Ficoll and centrifuged at 800 × g
continuously for 25 min. The interphase was then transferred to
30 ml of PBS and mixed by inverting the tubes, and then centrifuged at 500 × g continuously for an additional 10 min. The
supernatant was discarded and the cell pellet was suspended in
20 ml of PBS. For all experiments, the viable cells were obtained
as determined by trypan blue staining, and were used immediately for analysis.

Flow cytometry analysis
For the cytometric analysis of the ROS positive cells, natural
killer (NK) cells, B cells and T cells, each cell was incubated with
antibodies labelled with fluorescein isothiocyanate (FITC) and/
or phycoerythrin (PE) in a FACS buﬀer (PBS, 1 % FCS, 0.05 %
sodium-azide) for 30 min on ice, then washed twice with the
FACS buﬀer. The data was acquired using a LSR II flow cytometer

1st match
Rest for
60 sec
2nd match
Rest for
60 sec
3rd match

(BD Biosciences, San Jose, CA, USA) and analyzed using BD FACSDiva Software (BD Biosciences).
Flow cytometric analysis was performed in duplicate. The antibodies used for the cell staining and flow cytometry analysis
were as follows: PE conjugated anti-CD19 mAb, FITC conjugated
anti-CD3 mAb, FITC conjugated anti-CD4 mAb, PE conjugated
anti-CD8 mAb, and PE conjugated anti-CD16+56 mAb (BD
Pharmingen, SanDiego, CA, USA). The production of ROS was
estimated by fluorescence using 5-(and-6)-chloromethyl-2′,7′dichlorodihydrofluorescein diacetate (CM-H2DCFDA; Molecular
Probes, Eugene, OR, USA).

Statistical analysis
All data were expressed as the mean ± SD analysed by SPSS for
windows version 18.0 (SPSS Inc., Chicago, IL, USA) and the statistical package R 2.13.1 using coin, multicomp, Bioconductor
packages, and in-house scripts [12, 36]. Considering the limited
sample sizes (n = 6), nonparametric approaches were used for
statistical analyses. The resting and post-exercise (0, 0.5, and
24 h) data were compared by using the non-parametric one-way
repeated measures analysis (Friedman test). These results were
followed up by post hoc analyses using both the Dunn’s multiple
comparison test (attributed to Bonferroni) and the WilcoxonNemenyi-McDonald-Thompson test [18, 51]. The results with a
▶ Supplementary
p-value < 0.05 were considered significant (●
Table 1). The intra- and inter-subject variabilities were calculated and expressed as the coeﬃcient of variation: CV
( %) = 100 × SD/mean value. Statistical power was calculated by
PASS 11 (NCSS, Kaysville, UT, USA).

Results
▼
The HR increased significantly after each competition compared
▶ Fig. 3a and ●
▶ Table 2). The
with that in the resting stage (●
changes in HR and oxygen consumption were measured from
one of the athletes in the first competition of the tournament.
Exercise intensity set according to HRR was approximately
▶ Fig. 3c and
equal to the percent value for the VO2R (●
▶ Supplementary Table 2).
●
Blood lactate level after the tournament increased significantly
compared with that in the resting stage (p = 0.0165) and
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Fig. 3 Physiological changes in the demonstrated Taekwondo tournament. a Heart rate at rest and after each competition (n = 6). b Lactate concentration
in the serum at rest, and 0, 0.5 and 24 h after the tournament (n = 6). Each value represents mean ± SD. *, Significant diﬀerence from “Rest” (p < 0.05).
c Comparison of %HRmax and %VO2max during the 1st competition of the tournament in the one individual.

Table 2 Changes of physiological and immunological factors during the demonstrated Taekwondo tournament.
Rest

heart rate (beat/min)
% HRmax (%)
lactate (mmol/L)
NK cells (%)
B cells (%)
T cells (%)
CD4 T cells (%)
CD8 T cells (%)
CD4/CD8 ratio
ROS (MFI)

86.5 ± 6.7
–
1.2 ± 0.6
5.2 ± 2.5
3.5 ± 1.9
19.9 ± 7.7
13.3 ± 5.3
9.6 ± 4.1
1.2 ± 0.7
61.1 ± 12.5

After each Taekwondo competition

Recovery phase

1st

2nd

3rd

4th

5th

0.5 h

24 h

180.0 ± 10.6*
91.8 ± 4.5
–
–
–
–
–
–
–
–

180.8 ± 10.4*
92.7 ± 3.8
–
–
–
–
–
–
–
–

175.0 ± 22.5*
86.1 ± 16.7
–
–
–
–
–
–
–
–

183.0 ± 8.6*
94.9 ± 4.4
–
–
–
–
–
–
–
–

183.8 ± 10.7*
95.7 ± 7.8
3.9 ± 1.2*
37.6 ± 5.7*
10.8 ± 3.4*
39.3 ± 7.9*
18.3 ± 5.5
29.9 ± 7.8*
0.5 ± 0.4*
87.9 ± 9.9

–
–
1.1 ± 0.3
11.8 ± 3.5
11.0 ± 3.3*
62.0 ± 9.0*
33.5 ± 2.5*
26.6 ± 7.4*
1.1 ± 0.6
178.4 ± 90.8*

–
–
1.4 ± 0.5
19.1 ± 7.6
12.1 ± 2.6*
57.2 ± 7.2*
31.6 ± 2.3*
28.6 ± 7.9*
1.0 ± 0.5
166.6 ± 25.3*

All values are mean ± SD of 6 independent subjects; % HRmax, a percentage of the maximal heart rate; *, Significant diﬀerence from “Rest” (p < 0.05)

decreased at 0.5 and 24 h of the recovery phase, respectively
▶ Fig. 3b and ●
▶ Table 2). The average value of intra-CV for
(●
duplicated lactate levels was 5.5 %, and the average values of
inter-CV between lactate levels of each subjects ranged from
24.6 % to 47.0 % at each time point.
The NK cell population in PBMCs after the tournaments showed
a significant increase compared with that in the resting stage
(p = 0.0006), and fell at 0.5 and 24 h after the tournament, respec▶ Fig. 4 and ●
▶ Table 2). The average value of intra-CV for
tively (●

duplicated NK cell population was 1.6 %, and the average values
of inter-CV between NK cell populations of each subject ranged
from 15.2 % to 48.1 % at each time point.
The B cell and T cell populations in PBMCs after the tournament
increased significantly compared with that in the resting
stage and such increments were maintained through the recov▶ Fig. 5
ery period, respectively (p < 0.05, respectively) (●
▶ Table 2). The average values of intra-CV duplicated were
and ●
2.7 % for B cell populations and 0.6 % for T cell populations. The
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Fig. 4 Change of NK cell population during the tournament. a One representative data was performed by flow cytometry (FITC-CD3 and PE-CD16+56).
b NK cell population in PBMCs at rest, and 0, 0.5 and 24 h after the tournament. NK cells, CD16+56+ and CD3- cell population. Each value represents
mean ± SD. *, Significant diﬀerence from “Rest” (p < 0.05).

average values of inter-CV between each subject ranged from
20.4 % to 57.3 % for B cell populations and ranged from 12.8 % to
38.9 % for T cell populations at each time point.
The CD4+ T cell population in PBMCs after the tournament was
similar to the resting stage. However, the CD4+ T cell population
increased significantly at 0.5 and 24 h after the tournament (p =
▶ Fig. 6a,b, and ●
▶ Table 2).
0.0044, and 0.0190, respectively) (●
The average value of intra-CV for duplicated CD4+ T cell population was 0.9 %, and the average values of inter-CV between CD4+
T cell populations of each subject ranged from 5.9 % to 32.5 % at
each time point.
The CD8+ T cell population in PBMCs after the tournament
increased significantly compared with that in the resting stage
and such increments were maintained through the recovery
▶ Fig. 6a,c
period (p = 0.0043, and 0.0191, respectively) (●
▶ Table 2). The average value of intra-CV for duplicated
and ●
CD8+ T cell population was 1.0 %, and the average values of interCV between CD8+ T cell populations of each subjects ranged
from 25.8 % to 41.7 % at each time point.
The CD4/CD8 ratio after the tournament decreased significantly
compared with that in the resting stage (p = 0.0091). The CD4/
CD8 ratio returned to the resting level at 0.5 and 24 h after the
▶ Fig. 6d and ●
▶ Table 2). The average
tournament, respectively (●
value of intra-CV for duplicated CD4/CD8 ratios was 8.4 %, and
the average value of inter-CV between CD4/CD8 ratios of each
subject ranged from 37.1 % to 53.9 % at each time point.
The ROS level in PBMCs increased markedly at 0.5 and 24 h after
▶ Fig. 7
the tournament (p = 0.0040, and 0.0091, respectively) (●

▶ Table 2). The average value of intra-CV for duplicated ROS
and ●
level was 0.1 %, and the average values of inter-CV between ROS
levels of each subject ranged from 9.1 % to 32.4 % at each time
point.

Discussion
▼
Martial-arts including Taekwondo require intense competitions
[5, 7, 23, 35]. Chiodo, et al. reported that international-level Taekwondo competitions imposed a high exercise load (HR > 90 % of
individual HRmax) on 10 male and 6 female elite adolescent athletes independent of gender during mean 65.4 % of the competition time [8]. It has already been reported that prolonged and
strenuous physical activities like intense exercises could induce
physical damages [43], immunosuppression [40, 44], and
increased susceptibility to illness and/or infection [43]. The
immune system is temporarily impaired, as described in the
‘open window’ theory after intense exercise of long duration
[25, 47]. Such impairment is associated with an increased susceptibility to opportunistic infections, particularly upper respiratory tract infections [13].
Although common exercises, such as swimming, had been
widely studied [22], Taekwondo has not yet been fully evaluated
because of diﬃculties in its physiological quantification of the
loads and eﬀorts, especially in competition [7]. And there are
only a few studies on the immunological impacts of Taekwondo
competition on elite athletes [49].
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Fig. 5 Change of T cell and B cell populations during the tournament. a One representative data was performed by flow cytometry (FITC-CD3 and
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To investigate immunological changes after a Taekwondo tournament, the teenage female athletes demonstrated Taekwondo
competitions simulating real tournaments in exercise-intensity, competition times, and break-time intervals. During the
competitions, HR of the athletes was remarkably increased
(180.5 ± 12.9 bpm) and blood lactate concentrations varied
above 3.9 mmol/L. In previous reports about HR and blood lactate concentrations during Taekwondo competitions, HR
ranged from 183.0 ± 9.0 to 190.1 ± 8.1 bpm and blood lactate
concentrations ranged from 3.3 to 7.5 mmol/L [5, 7, 23, 35]. However, one of the limitations of this study was insuﬃcient psychological stress on the subjects imposed by the simulated
competitions. In real sports tournaments, athletes usually experience psychological stress, which is also one of the influencing
factors on their performance, and simulated situations could
underestimate stress-related psychobiological responses of athletes which occur under highly competitive real conditions
[6, 8, 11, 39, 46].
In the innate immune system the NK cell provides a preferential
and expanded physical defense mechanism against virusinfected cells or certain types of tumour cells before the adaptive
immune responses are activated [1, 43]. Previous studies
reported that the NK cell population in peripheral blood was
increased according to physical activity up to VO2max, and the
increased NK cell population of PBMCs immediately decreased
in the recovery phase after the end of intense exercises [9, 41, 45].
They suggested that the endocrine system, such as catecholamines, aﬀected the systemic immune response in the periph-

eral blood stream. In this study, the NK cell population in PBMCs
of athletes was increased over 7-fold compared to the resting
stage after the Taekwondo tournament, and decreased during
the recovery phase. According to the severity of exercise intensity and duration at the tournament, this result was confirmed
by the preceding works of Shephard and Shek [45].
Macrophages, immune cells mediated by innate immunity,
intracellularly eliminate microbial antigens via phagocytosis
[20]. A microbial endotoxin, a lipopolysaccharide, captured in a
phagosome of macrophages is eliminated by nitric oxide (NO)
and ROS produced by the macrophages [54]. If the removal of NO
and ROS is inadequate, it will cause oxidative damage to the
phagocytes [32]. A tight balance between production and
removal (reduction and oxidation; redox) is critical. Excessive
production of NO and ROS causes cellular apoptosis of the
phagocytes themselves [3].
This study showed that ROS production of PBMCs gradually
increased from the end of the tournament to 24 h of the recovery
phase. Radak et al. suggested that intracellular ROS increased
due to intense exercise could negatively aﬀect cellular viability
in spite of physical protection [37]. Such results were also supported by previous studies reporting that intracellular ROS accumulation was associated with the increase of cellular apoptotic
markers including caspase 3 and annexin V [20].
In this study, the B cell and T cell population in PBMCs increased
from the end of the tournament up to 24 h of the recovery stage.
These results were diﬀerent from the previous studies reporting
that blood lymphocytes (NK cells, T cells, and B cells) increased
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from “Rest” (p < 0.05).
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during the exercises of approximate maximal intensity and
decreased below the levels of resting stage after cessation of the
exercises [52]. Furthermore, an insuﬃcient number of previous
studies on the changes of immune cells during Taekwondo competitions exists. In addition to quantifying the changes of lymphocytes, further functional evaluation including NK cell
cytotoxic activity, lymphocyte activation markers, and cytokines
release should be performed.
Recent evidence suggests that the CD4/CD8 ratio does not drop
below 1.0 under normal conditions of healthy individuals [29];
however, the ratio decreases below 1.0 in stressful conditions
such as intensified training in elite swimmers and HIV-1 patients
[22, 30]. The marked decrement of CD4/CD8 ratio shown in our
study suggested that Taekwondo competitions could cause
prominent changes of T cell-mediated immunity and might
increase viral susceptibility in subjective athletes.
There are some limitations in this study. The small of only female
study subjects might have attenuated the statistical power of
data and led to biased results. However, several previous studies
on Taekwondo competitions used a rationale similar to that in
our study [7, 23]. Statistical calculation based upon these previous studies showed that more than 5 subjects would be needed
to yield a power of 80 % (assuming α , 2-tailed, was set at 0.05)
for the blood lactate level and HR between resting stage and cessation of Taekwondo competitions. The retrospective statistical
calculation for this study also yielded a power of more than 80 %
for the blood lactate level, HR, CD4/CD8 ratio and ROS level
between resting stage and cessation of the competitions.
The narrow age range of female-only subjects might make it
possible to include more homogenous subjects and to reduce
the inter-individual variability [8]. Most of the previous studies on Taekwondo athletes also had maximally narrowed
parameters on sex, age, and athletic competency of subjects
[5, 7, 8, 23, 35, 48]. Lack of a control group and insuﬃcient
analyses confined to quantification of blood immune cells
were also limitations of this study. In future, further controlled studies using molecular biological methods and subjects
on a large scale should be performed for evaluating immunological changes including proliferation, activation, and functional diﬀerentiation of immune cells during Taekwondo
competitions. It was suggested that hormonal responses
including cortisol and catecholamine might have a mechanistic role in exercise-related immunological changes [33]. More
detailed studies investigating the association between cell
apoptosis and ROS production may also be needed.
In conclusion, after the Taekwondo competitions, CD4/CD8 ratio
decreased and intracellular ROS levels increased continuously.
These results suggest that the immunological functions of
female adolescent athletes could be attenuated after Taekwondo
competitions. B, T, and NK cells increased immediately after the
Taekwondo competitions. During the recovery, B and T cells
remained elevated and NK cells decreased. Further investigations on impacts of Taekwondo competitions on blood immune
cells including functional and apoptotic changes induced by
intracellular ROS production should be performed on a large
scale for the improvement and protection of the health of adolescent athletes.
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