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Abstract The aim of this study was to investigate the
effect of an eight-week moderate-intensity technical and
resistance training on selected hematological parameters.

Twenty male wrestlers participated in the study voluntarily.

Participants trained six days a week after being divided into
technical and resistance training groups. The first group
was applied a technical training (TT) program, at 60-75%
intensity of heart rate (HR) and lasting 75-90 minutes. The
other group (resistance training) applied the resistance
training (RT) program for the first four weeks at %60 of
1TM load, for the next four weeks at %70 of 1TM load.
Blood samples were collected from participants before the
training period and after 24 hours following the last
training session. RBC, HGB, HCT, PLT values were
analyzed to determine hematological parameters from
blood samples. Statistical analysis was performed using the
SPSS program. According to the results, between values
before and after the training period, there was significant
difference in RBC and HGB levels, while there was no
significant difference in HCT and PLT levels in the TT
group. Between values before and after the training period,
there was no significant difference in RBC, HGB, HCT,
PLT levels in RT group. As a result, it was found that
eight-week technical training was more efficient
significantly than resistance training (p <0.05). However,
when these results were examined in practical terms, it was
determined that the differences between before and after
technical training programs had a low effect size.
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1. Introduction

Exercise is considered as a stressing factor on

metabolism (1-4). The physiological adaptation of athletes
exposed to continuous exercise is one of the scientific
interesting points for researchers (5-7). In response to
exercise, some metabolic and physiological changes may
occur as acute or chronic. Enzyme activity, hormones and
changes in cell numbers are the parameters obtained
through blood to examine the responses to exercise (8-10).
Exercise is known to affect some blood parameters as acute
due to stress (10-12). On the other hand exercise may cause
some chronic effects if repeated regularly (10, 13, 14).
These effects are influenced by many factors such as the
type, intensity and duration of the exercise (4, 15, 16).

Researchers emphasize that low-to-moderate regular
aerobic exercise for healthy life is useful in balancing
blood parameters (9, 17). However, there are different the
opinions about enzyme activities and hematological values
of athletes. Some researchers have found that blood
parameters continue to be within normal limits in athletes
trained regularly (1, 3, 17), while some of them have put
forth that these values may be outside the normal range (18,
19).

One of the methods commonly used to determine the
effects of exercise-induced stress on the body is to evaluate
the data obtained from blood samples. Measuring the
concentration of blood cells to determine the effect of
exercise is method mostly used in scientific research (2, 5).
RBC, WBC, HGB, HCT and PLT values arec the most
investigated hematological variables related to exercise (5,
8, 17).

Changes in blood parameters depending on the intensity
of exercise have been examined in many studies (11, 12,
20). Generally, while the researches have examined the
effects of exercise on blood parameters as acute (18, 19),
the studies that have chronically examined only
concentrate on one type of training program (11, 21).
However, in cases which the intensity of exercise is within
similar, the studies on whether blood parameters are
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affected by the exercise type is quite limited. Therefore in
this study, we aimed to investigate the chronic effects of
two different moderate-intensity training protocols on
selected hematological parameters.

2. Method

This study was a randomized experimental study
without control group. Two groups with similar
characteristics were exposed to different training programs
during eight weeks and the changes in hematological
parameters were examined.

Participants

Twenty male Greco-Roman wrestlers (age: 19.6 = 1.6
years; height: 168.1 £ 9.1 cm; body mass: 65.7 £ 7.9 kg)
were participated in the study. Participants were randomly
divided into technical training (TT) and resistance training
(RT) groups. Participants consisted of individuals who
regularly train for at least three years (5-9 times a week)
and vie in national competitions. Persons with temporary
injury or illness were excluded from the study. Participants
volunteered to participate in this study and signed informed
consent.

Training Programs

Both training groups performed total 48 training
sessions, during eight weeks, six days a week. In a training
session, TT group performed 15-20 min warming up and

gymnastics, 45-60 min technique, 5 min stretching exercise.

In this sessions, 10 different techniques were performed in
three sets which lasted one minute. Participants tried to
reach the maximum number of repetitions in sets. After the
set was completed, participants were rested until their heart
rate (HR) reduce the %60 of HRmax (220-age). Heart rate
was measured during rest using a heart rate monitor (S610i,
Polar Electro Oy, Finland). The RT group performed six
different resistance exercises consisting of lower and upper
body exercises. These exercises were applied in three sets.
Three minute rest periods were used between exercises and
sets. Before starting the study, IRM loads were determined
for each exercise. Then, they performed a maximum
number of repetitions in 60% of 1RM loads in the first four
weeks, and in 70% of 1RM loads in the second four weeks.

Statistical analysis

For all statistical analyses, SPSS program was used.
Data were analyzed by using mean and standard deviation
values. The normality of the data was detected with the
Shapiro-Wilk test. Homogeneity of variances were
detected with Levene's test. The paired sample t-test was
used to determine the effect of training methods on the
variable (before-after). To determine the practical

significance of the differences, the effect size was
calculated according to the Cohen's d formula (22). Effect
size was assessed as low (0.2), medium (0.5) and high (0.8).
Significance level was determined as < 0.05 for all
statistical processing.

3. Results

It was found that there was no difference between the
groups in descriptive characteristics and hematological
parameters (Table 1).

Table 1. Descriptive characteristics and hematological values of the
groups at the beginning.
TT RT t P
Age (years) Zﬂ't(ii 19.30 £ 1.41 1.601 0.127
Height (cm) 16:'3;) * 169.90+6.15 0.529 0.603
BM (ke) 616(')‘.‘76 f 6486+5.03 0426 0.675
RBC (10*/ul) 5(')21: 5.08 +£0.37 0.998 0.331
HGB (g/dl) 141'3258i 1436+1.16 0.011 0.991
HCT (%) 3839781 * 3570+12.43  0.799 0.434
PLT (10°/ul) 22‘:'35(1 *27040+39.40 0871 0.395

TT: Technical training group, RT: Resistance training group

RBC: Erythrocyte, HGB: Hemoglobin, HCT: Hematocrit, PLT:

Platelet, BM: Body mass

Hematological parameters of TT group before and after
training were examined (Table 2). According to the results,
there was significant decrease in RBC and HGB values (p
<0.05). When the effect size of these results were examined,
it was found that RBC (0.40) and HGB (0.36) variables had
a low effect size. Besides, there was no significant
difference in HCT and PLT values.

Table 2. Change in the Hematological Parameters of Technical Training
Group (n=10)

Before After t P ES
RBC 527+ %
(103/ul) 046 5.11£0.35 2.753 0.022* 0.40
+
HGB (g/dl) 113258 13.94+1.00 2.941 0.016% 0.36
+ -
HCT (%) 38.98 39.76 £3.26 1.82 0.102
3.71 2
PLT 28430 +
+
(103/ul) 3151 279.80 +55.61 0.300 0.771

* There is a significant difference the values between before and after
(p <0.05).

RBC: Erythrocyte, HGB: Hemoglobin, HCT: Hematocrit, PLT:

Platelet, ES: Effect size

Hematological parameters of the RT group before and
after the exercise were examined (Table 3) and there was
no significant difference in RBC, HGB, HCT and PLT
values.
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Table 3. Change in Hematological Parameters of Resistance Training
Group (n=10)

Before After t P
RBC
+ + -
(10¥yl) 5.08 +0.37 5.15+0.28 0.896 0.394
HGB 14.50 +
+ N
(e/dl) 1436 £ 1.16 0.97 0.846 0.420
+
HCT (%) 35.70 +£12.43 4(;9592 -1.260 0.239
PLT 266.40 =
+
(10¥y) 270.40 + 39.40 18,56 0.606 0.560

* There is a significant difference the values between before and
after (p <0.05).

RBC: Erythrocyte, HGB: Hemoglobin, HCT: Hematocrit, PLT:
Platelet

4. Discussion and Conclusion

In this study, effect of technical and resistance training
program, which have the same period (eight weeks) and
intensity (moderate intensity), on some hematological
parameters were investigated. In TT group, between before
and after training period, there was significant decrease in
RBC and HGB values was found. There was no significant
difference in HCT and PLT values. In RT group, between
before and after training period, there was no significant
difference in RBC, HGB, HCT and PLT values. However,
when the effect size of these results were examined, it was
determined that the effect size was low (Cohen, 1988) in
the differences obtained in TT group.

Effect of exercise on hematological parameters are one
of the methods most researched by researchers (2, 12, 23).
For example, in a study, the participants completed the half
marathon (21.1 km) run to determine the effect of exercise
on some hematological parameters. Blood samples were
collected before running, just after running, after 3 hours
and after 20 hours. According to the results of the study,
RBC and HGB values decreased significantly following
half marathon running. It was also found that the RBC and
HGB values after 3 hours and 20 hours were significantly
lower than the values before running. It was found that
after running PLT values are significantly higher than the
values before the running. However there was no
significant difference between before running, after 3 hours
and after 20 hours (2). In another study, changes in
hematological values after aerobic and anaerobic exercise
were examined. As a result of the study, no significant
changes in all hematological parameters were found after
aerobic exercise. However, there was a significant increase
in HGB, HCT, WBC values just after anaerobic exercise,
while there was a significant decrease after 24 hours. When
the results of both exercises were compared, it was found
that the increases and decreases in anaerobic exercise were
significantly higher than the aerobic exercise (12). In these
studies the acute effect of exercise were examined on
hematological parameters, whereas in our study the chronic
effect of an eight-week training period was examined.

The chronic effect of exercise on hematologic
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parameters has been examined in different ways in studies
(11, 13, 23). For example, in a study, HGB, HCT, PLT,
WBC and RBC values of tackwondo athletes were
examined before and after the national team camp. At the
end of the study, it was found that the period of four weeks
training did not cause a significant change in HGB, HCT,
PLT and WBC values, but RBC values were significantly
increased. This increase in RBC values is emphasized to be
low level (11). This study shows similar results with our
research in terms of the fact that the training partially
affects hematological values and this effect is low. In
another study that lasted seven weeks, intensive and
extensive interval training program was applied. At the end
of the study, there was a significant increase in RBC, HCT
and HGB levels in the extensive interval program group,
whereas in the intensive interval program group only PLT
levels decreased significantly (13). In another study, the
effect of sea level and high altitude aerobic exercises on
some hematological parameters were investigated. The
participants had aerobic training at high altitude for 15 days
after sea level blood samples were collected and they were
returned to sea level again. At the end of the study, after 15
days of high altitude training, significant increase in WBC
and HGB values was found. There was no significant
change in RBC and HCT values. Eight days after returning
to sea level WBC values were significantly decreased, but
no significant change was found in HGB, RBC and HCT
values (23). In another study applied on mice, no
significant difference was found between exhaustive
swimming exercise group and control group in terms of
RBC, HGB and HCT during four-weeks. However, it was
found that PLT values decreased significantly in exercise
group (16).

Although the results of our study have been supported by
many researchers in the literature (1, 3, 4, 23), there are
also studies which different results have been reached (2,
12). In general, it was observed that the training periods
such as 4-12 weeks did not cause great changes on
hematological parameters (1, 3, 4, 11, 23). In our study,
although there was statistically significant difference in
terms of some hematological parameters between before
and after the eight-week technical or resistance training
program, it was found that the practical effect of these
differences was low.

As aresult, in this study, it has been found that different
types of exercise applied with moderate severity have a
statistically significant effect on some hematological
parameters. However, when these results were evaluated in
terms of practical significance, the effect size of all the
differences was found to be low.
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