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Abstract
This study aimed at examining the effects of preparation period exercises, which were applied for eight
Purpose:
Material:

Results:

Conclusions:
Keywords:

weeks to elite level taekwondo athletes, on the hematological parameters.
Totally 21 athletes with international degrees from the university taekwondo team participated in this study,
12 of whom were female (Mean age: 20.3 – Mean exercise age: 8.8) and 9 of whom were male athletes (Mean
age: 20.3 – Mean exercise age: 9.5). The participants attended an 8-week exercise program for 5 days a week,
which included basic motoric features and technical and tactical development. 4 cc blood samples were taken
from the right antecubital vein before and after the preparation period exercises. On the blood samples, WBC,
GRAN, GRAN %, LYM, LYM %, MID and MID % values were examined among leukocyte sub-groups; RBC, HGB,
HCT, MCV, MCH, MCHC and RDWC values were examined among the erythrocyte sub-groups, and PLT, MPV,
PCT and PDW values were examined among thrombocyte sub-groups.
At the end of the study, we determined that there was a statistically significant increase in the MCHC values of
both the male and the female taekwondo athletes. Moreover, it was determined that there were statistically
significant decreases in the HCT, MCV, MCH, MPV and PCT values of the female taekwondo athletes, and in
the MCV, MPV and PCT values of the male taekwondo athletes.
As a conclusion, we can state that the 8-week exercises applied during the preparation period affected the
hematological parameters of the male and female taekwondo athletes to an extent, however, this effect was
limited and it did not cause an important change.
Taekwondo, training, university students, leucocyte, erythrocyte, thrombocyte.

Introduction1
The data revealed by the studies conducted on
athletes, both enables a better understanding of the sport
and the sport physiology and it helps interpret the changes
occurring in the bodies of people, who are actively doing
sports [1]. The effect of exercise on hematological
parameters has been a research field for a long time. In
many studies, the interrelation of factors determining the
performance and physical / physiological characteristics
of athletes of the elite level has been established [2-5].
It was reported that the acute exercise has an important
effect on the rheological characteristics of the blood [6]
and that there was an increase in the erythrocyte hardness
and in the plasma viscosity after the acute exercise, while
there was a decrease in the sedimentation speed [7]. It is
known that both acute and chronic exercises cause various
hematological changes in human body. It was determined
that the exercise-based hematological changes depended
on the type, intensity, and duration of the exercise.
Additionally, various factors such as education level,
gender, age, environmental conditions, and the nutrition
of the subjects have an important role, as well [8].
In the accessible literature findings, we observed
differences concerning the effects of exercise on
hematological parameters. There are studies reporting
that, in the athletes, who attend both acute [9] and
chronic intense exercises [2], the hemoglobin [10] and

hematocrit values decrease and this case is called as the
athlete anemia [9]. Additionally, there are also research
studies stating that, when the values before and after the
acute sub-maximal exercise are compared, the acute submaximal exercise significantly increases erythrocyte,
leukocyte [11], and thrombocyte count, hematocrit and
hemoglobin levels [12]; and the researchers determined
that these increases depended on plasma losses caused
by this exercise [13]. Moreover, it is reported that a
short-term exercise until fatigue increases the leukocyte
count and this situation cannot be explained by the
hemoconcentration mechanism alone. Therefore, the
researchers stated that it can be related with metabolic
changes such as ischemia developed during the exercise
and increased muscle activity. In addition, they claimed
that it can cause larger capillary swelling and leukocyte
adhesion incidence in the venules [14].
With reference to the possible changes in the
hematological parameters based on the type, intensity, and
duration of the exercise, we thought that it is important
to determine the possible effects of preparation-period
exercises on the hematological parameters of elite level
taekwondo athletes, which led us to conduct his project.
Therefore, the purpose of this study is to examine the
effects of preparation-period exercises, which were
applied for 8 weeks to elite level taekwondo athletes, on
the hematological parameters.
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Materials and Methods
Participants.
The subjects of this research were chosen among the
volunteer athletes. We conducted the research on 21 elite
level taekwondo athletes (9 males and 12 females) from
the Selçuk University Taekwondo Team, who regularly
continued exercises and participated in tournaments.
Additionally, in order to compose the elite level athlete
group, we determined inclusion criteria. According to
these criteria, the athletes to be included in the study must
have a 5-year exercise background, must be participated
in national and international level competitions, and must
have continued exercises for 4 days and over in a week.
Moreover, based on the inclusion criteria the participants
must be between 17-25 years old, they must have
willingness to participate in the study, and additionally
no smoking, no use of notorious or mood enhancing
supplements, physical and mental health, and no diseases
to be detected in the specimens’ medical history. Exclusion
criteria were first, non-compliance with the training
protocol, and second, inability to collect the information
sought by the researchers. All the volunteers participating
in the research signed the informed consent (volunteer)
form and filled personal information form.
Research Design.
The research method was semi-experimental. It was
conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Necmettin Erbakan
University, Meram Medical Faculty, Ethics Committee
of non-Pharmaceuticals and non-Medical Device
Researches with the decision dated 27/04/2018 and
numbered 2018/67.
Before starting the research, we made interviews
with the authorities, trainers, and athletes of the team,
who were planned to be included into the study as the
research group (Selçuk University Taekwondo Team).
The athletes participated in an 8-week preparation
period exercise before the Interuniversity Taekwondo
Turkey Championship that was organized by the Turkey
University Sports Federation. All of the measurements and
tests of the taekwondo athletes composing the experiment
group were carried out in Konya Selçuk University Sports
Hall. The preparation period exercises were conducted
during June and July of 2018. The physical feature
measurements of the athletes were conducted one day
before the exercise period began. We organized another
meeting with the athletes just before the test, and gave
information about the objective and importance of the
study. Necessary equipment and test mechanisms for the
test and measurements were prepared in the sports hall that
hosted the test. Tests were conducted and measurements
were taken one day before and after the preparation
period exercise. We informed the athletes that they should
not take medicine and alcohol the day before and in the
same day of blood sample taking activity. While taking
the blood sample, the athlete was positioned in a sitting
posture on a chair. 4 cc blood samples were taken from
the right antecubital vein into the hemogram tubes with
K3 Edta by the specialist nurse. After the blood samples
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were transferred to the laboratory under proper storage
conditions without being centrifuged, they were analyzed
in the Cell-Dyn 1800 (Abbott Diagnostics, Abbott Park,
IL, USA) hemogram device. Among the hematological
parameters;
•
WBC, GRAN, GRAN %, LYM, LYM %, MID
and MID % values from the leukocyte sub-groups
were analyzed,
•
RBC, HGB, HCT, MCV, MCH, MCHC and
RDWC values from the erythrocyte sub-groups were
analyzed,
•
3- PLT, MPV, PCT and PDW values from the
thrombocyte sub-groups were analyzed.
The exercises of the taekwondo athletes during the
preparation period were conducted according to the
content described below.
Besides the warm-up and cooling exercises in each
unit of exercise period, the athletes conducted;
• Single and combined technical practices on the
glove (with all the techniques used in the competitions),
• Paired tactical practices on the safeguard,
• Exercise competition (the athletes participated
in the competition with the “pull system” method)
(sparring),
The practices were conducted in the unit exercise
period, and the duration of the exercise was limited to 90
minutes. The level of the competition was revised based
on the exercise principles and according to the adaptation
status of the athletes.
Statistical Analysis.
SPSS 24.0 (IBM Corp., Armonk, NY, USA) program
was used in the analysis of the data obtained in the study,
and minimum, maximum, arithmetic mean, and standard
deviation values were determined. Since the number of
the participants in the research was lower than 30, the
differences between the tests applied before and after the
exercise were determined via “Wilcoxon Signed Rank
Test”. Significance level was admitted as p<0.05.
Results
Table 2 shows the age, height, body weight and BMI
average values of athletes participating in the study.
The Wilcoxon Signed Rank Test analysis was applied
here to determine whether there was significant difference
between the pre-test and post-test mean values of the
male taekwondo athletes. When Table 3 was examined,
according to the mentioned test, it was determined that
there were statistically significant differences in the MCV
(z= -2,675), MCHC (z= -2,549), MPV (z= -2,092) and
PCT (z= -2,075) parameters (p< 0.05). However, there
was statistically no significant difference (p> 0.05) for the
other parameters.
The Wilcoxon Signed Rank Test analysis was applied
here to determine whether there was significant difference
between the pre-test and post-test mean values of the
female taekwondo athletes. When Table 4 was examined,
according to the mentioned test, it was determined that
there were statistically significant differences in the HCT
(z= -2,943), MCV (z= -2,981), MCH (z= -2,119), MCHC
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Table 1. Exercise program of the athletes conducted in the preparation period
PREPARATION STAGE

2
3
4

MONTHS
WEEKS
PERFORMANCE TESTS
100
90
80
70
60
50
MONDAY
TUESDAY
WEDNESDAY
THURSDAY
FRIDAY
SATURDAY
SUNDAY

JUNE
1
2
T

3

4

JULY
5

6

7

8
T

1
1
R
1
1
1
R
5
25
50
5
15
-

1
1
R
1
1
1
R
20
5
5
20
5
15
30

1
1
R
1
1
1
R
20
20
5
15
40

1
1
R
1
1
1
R
20
20
5
15
40

1
1
R
1
1
1
R
20
10
5
15
50

1
1
R
1
1
1
R
20
10
5
15
50

1
1
R
1
1
1
R

6

WEEKLY EXERCISES
PLANNING

5

WEEKLY LOAD
INTENSITY

PERIODS

7

UNIT EXERCISE LOAD
DISTRIBUTION

STRENGTH
SPEED

Maximum Strength
Strength Endurance
Explosive Power
Maximum Speed
Speed Endurance

ENDURANCE
COORDINATION
MOBILITY-FLEXIBILITY
TECHNQUE - TACTIC

1
1
R
1
1
1
R
15
5
10
30
5
15
20

COMPETITION STAGE

1

10
10
5
15
60

R: Rest; T: Test
Table 2. Physical features of the taekwondo athletes.

Parameters
Age (year)
Exercise age (year)
Height (cm)
Weight (kg)
BMI (kg/m2)

Male
(n= 9)

Female
(n= 12)

Min

Max

Mean ± Sd

Min

Max

Mean ± Sd

19.00
7.00
176.00
63.00
20.09

23.00
14.00
188.00
82.00
23.20

20.33±1.41
9.55±2.78
181.77±3.99
69.33±5.91
20.94±1.00

17.00
6.00
157.00
48.00
17.63

23.00
13.00
178.00
69.00
24.45

20.33±1.96
8.83±1.94
169.50±5.94
60.16±7.87
20.91±2.29

(z= -2,984), MPV (z= -3,062) and PCT (z= -2,283)
parameters (p< 0.05).However, there was statistically no
significant difference (p> 0.05) for the other parameters.

LYM parameters compared to those taken before the
preparation period. Additionally, we determined decreases
in the other parameters, however, they were statistically
not significant. As per the males, we detected decreases
in GRAN % and LYM % parameters, and increases in
all other parameters, however, they were statistically
not significant, either. In a similar study conducted on
taekwondo athletes, it was stated that a 4-week camp
period exercise increased the WBC values of the athletes;
however, it was statistically not significant [15]. In two
different studies conducted on football athletes examining
the effect of acute exercise and 10-day game program on

Discussion
In this study, the effects of preparation period
exercises, which were applied for eight weeks to elite
level taekwondo athletes, on the hematological parameters
were examined.
When we examined the leukocyte and subparameters of the female taekwondo athletes, we
determined increases in WBC, GRAN, GRAN % and
11
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Table 3. Average values of hematological parameters of male taekwondo athletes and the results of Wilcoxon Signed
Rank test. (p< 0.05)
Pre-test
Post-test
(n= 9)
(n= 9)
Parameters
Min
Max
Mean ± Sd
Min
Max
Mean ± Sd
z
p
Leukocyte sub-groups
WBC(10^3/μL)
5.10
9.60
6.18±1.38
4.90
8.00
6.76±1.12
-1.304 0.192
2.30
6.20
3.44±1.13
2.00
5.20
3.57±0.98
-1.007 0.314
GRAN(10^3/μL)
GRAN (%)
42.70
64.30
54.74±6.06
25.30
70.00
54.35±12.31
-0.533 0.594
LYM(10^3/μL)
1.80
2.60
2.10±0.31
1.40
2.70
2.11±0.40
-0.141 0.888
LYM (%)
25.90
47.50
34.55±6.32
23.40
38.20
31.95±4.30
-0.653 0.514
^
MID(10 3/μL)
0.50
0.90
0.65±0.13
0.50
3.30
0.91±0.90
-0.542 0.588
MID (%)
9.20
13.00
10.70±1.09
6.60
40.90
13.70±10.37
-0.542 0.953
Erythrocyte sub-groups
RBC(10^6/μL)
4.82
6.16
5.26±0.45
4.91
5.93
5.37±0.31
-1.007 0.314
HGB (g/dL)
11.40
16.60
15.07±1.54
10.60
16.50
15.20±1.81
-0.595 0.552
HCT (%)
35.70
51.00
45.88±4.39
33.40
47.50
44.34±4.41
-1.304 0.192
MCV (fL)
62.20
98.00
87.68±10.99
58.40
92.00
82.78±10.12
-2.675 0.007
MCH (pg)
19.90
32.60
28.82±3.78
18.50
33.20
28.76±4.33
-0.771 0.440
MCHC (g/dL)
31.90
33.40
32.83±0.52
31.70
38.20
34.42±1.71
-2.549 0.011
RDWC (%)
12.90
19.30
14.25±1.94
12.80
23.70
15.53±3.63
-0.533 0.594
Thrombocyte sub-groups
PLT(10^3/μL)
196.00
321.00 254.22±43.64
179.00 314.00 249.66±41.14 -0,296 0.767
MPV (fL)
8.10
11.70
10.21±1.01
8.00
10.50
9.72±0.72
-2,092 0.036
PCT (%)
0.21
0.33
0.25±0.03
0.15
0.27
0.21±0.03
-2,075 0.038
PDW (%)
15.80
17.10
16.46±0.47
15.70
17.10
16.24±0.51
-1,187 0.235
Table 4. Mean values of hematological parameters of female taekwondo athletes and the results of Wilcoxon Signed
Rank Test. (* p< 0.05.)
Pre-test
Post-test
(n=
12)
(n= 12)
Parameters
Min
Max
Mean ± Sd
Min
Max
Mean ± Sd
z
p
Leukocyte sub-groups
WBC(10^3/μL)
4.00
GRAN(10^3/μL)
1.80
GRAN (%)
45.30
LYM(10^3/μL)
0.70
LYM (%)
9.10
MID(10^3/μL)
0.40
MID (%)
4.80
Erythrocyte sub-groups
RBC(10^6/μL)
4.04
HGB (g/dL)
11.80
HCT (%)
35.70
MCV (fL)
78.90
MCH (pg)
26.00
MCHC (g/dL)
32.00
RDWC (%)
12.80
Thrombocyte sub-groups
PLT(10^3/μL)
152.00
MPV (fL)
9.20
PCT (%)
0.16
PDW (%)
15.30

9.90
7.20
86.10
2.60
41.60
1.10
13.10

7.06±1.90
4.65±1.83
63.78±11.56
1.76±0.45
26.73±9.65
0.66±0.21
9.48±2.58

5.70
3.10
51.90
1.20
17.60
0.50
6.50

13.90
9.60
75.90
3.30
39.50
1.00
9.90

7.90±2.45
5.32±2.00
66.08±7.94
1.92±0.55
25.61±7.38
0.64±0.17
8.30±0.98

-1.413
-1.531
-0.941
-0.945
-0.628
-0.240
-1.511

5.07
14.50
44.50
99.00
31.70
33.90
20.40

4.52±0.27
13.10±0.69
39.70±2.12
87.90±5.80
28.99±1.87
33.00±0.60
14.51±2.07

4.23
11.70
34.60
75.00
25.30
33.10
12.50

5.23
14.70
42.70
90.20
30.20
34.50
16.30

4.59±0.24
13.00±0.89
38.38±2.27
83.69±4.82
28.35±1.72
33.85±0.50
14.12±1.37

-1.694
-0.357
-2.943
-2.981
-2.119
-2.984
-0.353

0.090
0.721
0.003
0.003
0.034
0.003
0.724

244.41±54.40
11.29±1.04
0.27±0.06
16.36±0.65

179.00
8.60
0.16
15.20

307.00
11.20
0.31
17.50

248.75±48.35
9.96±0.74
0.24±0.04
16.29±0.77

-0.510
-3.062
-2.283
-0.306

0.610
0.002
0.022
0.759

343.00
13.30
0.39
17.50
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0.158
0.126
0.347
0.345
0.530
0.810
0.131
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the hematological parameters, it was reported that there
were increases in the leukocyte values, however, they
were statistically not significant [11, 16]. In another
study conducted on female basketball athletes aiming to
determine the relations between the blood parameters and
some performance values from upper extremity, WBC
values were reported as 6.85 10^3/μL [17]. In a different
study conducted on basketball athletes, it was reported that
a 12-day intense competition period caused an increase
in the WBC parameter, however, it was statistically not
significant [3]. It can be stated that previous studies
support the findings of this study. However, opposing to
the findings of this study, there are studies which state
[12, 18] that exercises conducted on sedentary individuals
and in different sport branches caused decreases in the
leukocyte level. In addition to these, there are also studies
reporting that it caused statistically significant increases
[6, 19, 20]. These post-exercise increases at the leukocyte
levels are reported to be originated from de-margination,
which, after the increasing blood stream with exercise, is
defined as joining of the leukocytes that stick to the walls
of the veins to the blood stream [21, 22]. Moreover, it is
known that high intensity exercises create a heavy stress
over the organism, and as a reaction to that, the count
of the leukocytes could significantly increase together
with some hormonal changes. Accordingly, as Patlar
(2010) reported, particularly with the increasing pressure
after the strength exercises, the cortisol level increases,
this brings an increase in the level of the leukocyte, as
well [23]. However, that the differences in the leukocyte
and sub-group parameter values were not statistically
significant in this research study might be an indicator
of the adaptation of the athletes against pressure in the
organism caused by the exercise.
When we examined the erythrocyte and sub-parameters,
compared to the values taken before preparation period,
we observed statistically significant differences. These
differences were concerning the HCT, MCV, MCH and
MCHC parameters of the female taekwondo athletes,
and concerning the MCV and MCHC parameters of the
male taekwondo athletes. However, we determined that
the values for the other sub-parameters taken before
and after the preparation period were statistically nonsignificant. In a research study conducted on national and
international level 13 male 800 m runners, comparing the
summer and winter competition periods, it was determined
that there were decreases for the RBC values and also
statistically significant decreases for the HCT values
[2]. It was reported that short term intensive basketball
competition caused a statistically significant decrease
for the HCT parameters of the athletes, while causing a
statistically non-significant decrease for RBC and HGB
parameters [3]. Moreover, in another study conducted
on long distance runners (n=31), it was stated that there
were statistically significant decreases for the RBC and
HGB values compared to the pre-competition values
[24]. In another study conducted on the maximal strength
development of elite level female weightlifting athletes,
it was reported that there were decreases for erythrocyte

and sub-parameters [4]. Although the accessible literature
findings support the findings of this study, İbiş et al. (2010)
reported that there were significant increases for the HBG
and HCT values after an anaerobic exercise [21]. On the
other hand, Mashiko et al. (2004) stated that a 20-day
camp period applied to the rugby athletes did not cause
any statistically significant difference for HCT values
[25]. In another study conducted on taekwondo athletes,
there were statistically significant increases for the RBC
values, and non-significant increases for HGB and HCT
values [15]. Although it was reported that these increases
depended on the plasma losses caused by the exercise,
we evaluated that the motive behind the decrease in the
erythrocyte values might be the intravenous hemolysis
caused by the trauma due to the intense exercises in this
study.
When we examined the thrombocyte and its subparameters, compared to the values obtained before the
preparation period, we observed that there were decreases
in all parameters of both male and female taekwondo
athletes, except for the PLT value of the female
taekwondo athletes. As far as the accessible literature
findings, although there are many research studies [12, 15,
16, 21, 24, 26-28] reporting that both acute and chronic
exercises cause increases in the values of thrombocyte
and its sub-parameters, there are also studies [2, 3, 18]
reporting that they cause a decrease. Increases obtained in
the PLT levels are attributed to both exercise-contingent
hemoconcentration and sympathetic nervous system
activation, which is caused by stress-creating factors and
the organism under pressure. We evaluate that, although
statistically not significant, the increase in the PLT level
in this study is caused by fresh thrombocyte secretion
from either spleen, bone marrow, or other reservoirs.
It is thought that the effects of exercise on the count of
thrombocyte is questionable, therefore, a more in-depth
research study is needed.
Conclusions
It can be accepted as a strength of the study that
the research group of this study is comprised of male
and female athletes with participation experiences in
national or international level competitions. Additionally,
some findings were obtained as a result of the exercises
conducted during the preparation period with the full
participation. However, in order for the results to be
more significant, we evaluated that further studies should
be conducted with a higher number of participants and
with different load intensities. In this study, which was
conducted on elite level taekwondo athletes, leukocyte,
erythrocyte, thrombocyte, and their sub-parameters,
totally 18 parameters were examined. There were
statistically significant differences for 6 parameters of the
female taekwondo athletes and for 4 parameters of the
male taekwondo athletes. Although we observed increases
and decreases in the other parameters, we determined that
these differences were statistically not significant.
As a result, we can state that the preparation period
exercises, which were conducted for 8 weeks, caused
13
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increases or decreases in the hematological parameters of
male and female taekwondo athletes. However, this effect
was limited and it did not cause a significant change. We
attribute it to that the athletes in the research group are
elite level competitor athletes and that they developed
an adaptation ability to the stress caused by the chronic
exercise.
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