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ABSTRACT
Objective: In this study, exercise-induced changes in blood parameters of Kyrgyz elite athletes were evaluated during 6 months.
Methods: Eight male (n = 8) and three female (n = 3) athletes were included. Blood samples were taken at 3 months intervals
before and after the exercise (shuttle run). Erythrocyte (RBC), total leukocyte (WBC), platelet (PLT), neutrophil (NOTR), lymphocyte
(LNF) count, hemoglobin (HGB) and hematocrit (HCT) values, mean erythrocyte volume (MCV), mean erythrocyte hemoglobin
concentration (MCHC) and also venous blood pH, PO2, PCO2, SAT O2, HCO3, BE, Na, K, Cl, serum glucose (Glu), total protein
(TP), total cholesterol (TC), HDL cholesterol (HDL-C), triglyceride (Trig), blood urea nitrogen (BUN), creatinine (Creat), lactate
dehydrogenase (LDH) and creatinine phosphokinase (CPK) levels were determined.
Results: The WBC, LNF, and NOTR values of the male athletes were found high (p < 0.05) after the exercise periods. In male
athletes, HDL-C and BUN levels increased (p < 0.05), while Glu levels (p < 0.05) decreased due to exercise in each measurement.
An increased pO2, O2SAT, K, and Anion Gap levels, however, decreased pH, pCO2, HCO3, and BE values were determined after the
exercise.
Conclusion: Our data showed that exercise caused an acute increase in immune system cell counts (WBC, LNF and NOTR),
also HDL-C and O2SAT values in male elite athletics athletes, but the six-month period did not cause any significant change in all of
the blood parameters.
Keywords: biochemistry, blood gases, elite athletes, exercise and blood, Kyrgyzstan.
DOI: 10.19193/0393-6384_2021_2_168
Received March 15, 2020; Accepted October 20, 2020

Introduction
Olympic Games is a great international multi-sport organization with social and cultural properties in which thousands of athletes from around the
world participate in a variety of competitions to show
their skills, and also represent their country. Besides,
it has been performed in summer and winter seasons
in different countries every four years since 1896(1).

One of the important Olympic Sports is an Athletics. Athletics meeting is the most important part of
the Summer Olympics, which is a collection of sporting events, includes competitive running, jumping,
throwing, and walking branches. The modern athleticism program contains track and field, road running,
cross country running, and race walking competitions. It requires endurance, power, speed, agility, and
sufficient physical coordination with cognitive and
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emotional control(2). In preparation periods for international elite sport organizations, athletes enter the
extraordinary physical and mental training period for
performing the high performance in competitions. Although there is a number of metabolic changes in the
body due to extreme exercise (a strenuous activity) in
the training period, athletes can normally compensate
these disturbances such as mechanical hemolysis, intestinal bleeding, haematuria, sweating, iron deficiency, and poor absorption of iron(3).
Hematological analysis, is one of the crucial
laboratory practises, consists of a numerical quantification of white blood cells (WBC), red blood cells
(RBC), and platelets (PLT) with all their indices such
as hemoglobin concentration (HGB), hematocrit
(HCT), mean cell volume (MCV), mean cell hemoglobin (MCH), and mean platelet volume (MPV). It
is generally used to determine the physiological or
pathological status (exercise-induced dilution anaemia) of athletes, and also useful in the prediction
of the onset of overtraining(4, 5). As it is well known,
short or long-term exercise induces metabolic changes in the liver, kidney, muscle, heart, and bone tissues.
For instance, indicators of muscle metabolism consist of the creatien kinase (CK) and lactate dehydrogenase (LDH) are typically increased after exercise
periods. CK and blood urea nitrogen (BUN) levels
are also important to define the athlete’s muscle damage and consequently to decide the potential return to
exercise(6). Besides, duration and period of exercise
play a main role in glucose (Glu) uptake by skeletal
muscle. In the blood, lipid profile is mainly consisted by low-density lipoprotein- cholesterol (LDL-C),
high-density lipoprotein-cholesterol (HDL-C), and
triglycerides (TG). The exercise enhances the ability
of skeletal muscles to utilise lipids. It can also cause a
positive effect on the physical fitness of athletes with
dyslipidaemia(7). Physical exercise also affects the
creatinine (Creat) volume excretion that is accepted
as a first urinary biomarker of hydration status(8). Besides, it was detected a correlation between the total
protein (TP) levels and the grades of exercise(9). The
blood gas analysis also gives crucial informations
about the metabolic and respiratory status of athletes
during the exercise period(10). Arterial sampling has
potential to cause some undesirable complications
such as pain, arterial injury, thrombosis with distal
ischaemia, haemorrhage, median nerve damage, so
venous sampling is often preferred in practise(11). Exercise-induced changes can be obtained for blood
pH, base deficit, HCO3, and pCO2 except pO2 in venous blood compared to the arterial(12).
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Nevertheless, the monitoring of hematological,
biochemical, and blood gas values of the athletes prior to competitions in certain periods provides some
important performance indexes for both team physicians and trainers(13).
There are limited investigations on the variation
of haematological, biochemical and also blood gas
(especially) levels during the preparation and competitive seasons, however these studies are not including
their changes in different parts of the season(14, 15).
For this purpose, we aimed to determine the
fluctuations of hematological, biochemical, and blood
gas values of the Kyrgyz elite athletes during the
preparation period for the 2016 Rio Olympic Games.
Materials and methods
Participants
Detailed information was given to the athletes
about the study design, and necessary forms were get
signed. The study followed ethical guidelines consistent with the Declaration of Helsinki; the study
protocol was approved by the ethics committee of
Kyrgyzstan State Sports Academy Ethics Committee (No: 2015/175). Eight elite men (n = 8) and three
women (n = 3) athletes participated in this study. The
interval and duration (h) of daily regular exercise and
dietary routine information were obtained through
individual interviews and from coaches. All athletes
were adults (mean age for male; 22, 29 ± 2, 87 and
for female; 21, 67 ± 2, 08 years old), had an extreme
daily exercise program (5.0 ± 0.3 h/day), and were on
the elite category for 4.0 ± 1 years, participating in
national and international tournaments. The athletes
followed a similar dietary routine for the maintenance
of adequate body composition for the sport modality
during 6 months. During this study, the athletes did
not use any vitamin or mineral supplements and were
instructed to refrain from making any drastic changes
in the diet.
Measures, Design, and Procedures
Bodyweight (BW) of the national elite athletes
was defined with a portable scale (Angel, USA) to the
nearest 0.02 kg. Besides, the height (HT) of the athletes was detected with a stadiometer (Holtain, UK)
to the nearest 1 mm.
During each exercise period, a 20 m shuttle test
was applied to the athletes to create fatigue. Before
and immediately after the exercise periods (three
times as periodically every three months), blood samples were collected from Kyrgyz National Athletes by
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cephalic vein via needle (1.2mm × 38 mm) to normal and heparinized tubes, then transferred to the biochemical lab of Kyrgyz-Turkish Manas University
Research Center under cold chain, and centrifuged at
3000g for 20 min in January, May, and July. Heparinized venous blood samples also transferred to the
biochemical lab immediately after the collections.
Serum and plasma samples were held in Eppendorf
tubes until analysis time in a refrigerator (-20°C).
Plasma red blood cell (RBC), white blood cell
(WBC), blood clot cell (PLT), granulocytes (NOTR)
and agranulocytes (LNF) counts, hemoglobin (HGB)
and hematocrit (HCT) values, mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC) were measured in the blood plasma
samples by using automated biochemistry analyzer
(BC-2300, Mindray, China).
Venous blood pH, PO2, PCO2, SAT O2, HCO3,
BE, Na, K, Cl levels were determined from heparinized blood samples by using Electrolyte and Blood
Gas Analyzer (IDEXX Vetstat, USA).
Serum glucose (Glu), total protein (TP), total
cholesterol (TC), HDL cholesterol, triglyceride (Trig),
blood urea nitrogen (BUN), creatinine (Creat), lactate
dehydrogenesis (LDH) and creatinine phosphokinase
(CPK) values were measured by using auto-analyzer
(Mindray Perfect Plus 400, China).
Statistical analysis
Data were analyzed by using SPSS version 21.0
software (SPSS, Inc., Chicago, IL, USA) computer
package program. Shapiro - wilk test was performed
to determine the homogeneity of the data. Variance
Analysis was also used for determining the differences between all three repeated measurements. Besides,
Paired t-test was also used for binary measurements.
A p - value < 0.05 was considered statistically significant. In addition, Wilcoxon signed-rank test also used
for small size measurements.
Results
The bodyweight (BW) and the height of the
national elite athletes were detected as 64,98 ± 2,72;
177,88 ± 6,31 for man and 56,5 ± 8,58; 171,66 ± 2,51
for women, respectively. WBC, LNF, and NOTR
counts of the elite male athletes were found significantly higher (p < 0.05) after exercise periods in all
three measurements (baseline, 3rd month and 6th
month), shown in Table 4. It was not detected any
statistically significant changes between the exercise
periods (before and after) according to the other he-
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matological parameters in both groups (male and female), shown in Table 1 - 4. In addition, there was no
statistical difference between the before and after exercise periods in the three measurements (p > 0.05).
Although HDL-C and urea concentrations increased
significantly (p < 0.05) after exercise in male athletes,
glucose concentration decreased significantly (p <
0.05) in all three measurements (baseline, 3rd month
and 6th month) (Table 5).
I. analysis
Parameters
(n=3)

III. analysis

II. analysis

(Baseline)

(3 months later)

(6 months later)

PRE-EX
Mean ± SD

POST-EX
Mean ± SD

P

PRE-EX
Mean ± SD

POST-EX
Mean ± SD

P

PRE-EX
Mean ± SD

POST-EX
Mean ± SD

P

WBC (109/L)

8,23±1,74

12,50±3,42

-

5,20±1,50

6,20±2,21

-

5,00±2,10

6,53±2,57

-

LNF (109/L)

2,33±0,20

4,76±1,11

-

1,56±0,83

2,26±1,15

-

1,30±0,30

2,70±0,34

-

NOTR (109/L)

0,40±0,26

0,60±0,01

-

0,13±0,05

0,23±0,05

-

0,23±0,05

0,60±0,30

-

HGB (g/dl)

154,66±3,78

143,66±4,93

201,66±16,50

158,00±9,64

-

203,00±23,81

-

196,00±6,08

-

RBC (1012/L)

5,45±0,26

5,46±0,40

-

4,81±0,07

6,88±0,64

-

7,48±1,38

7,37±0,99

-

HCT (%)

49,83±1,87

50,46±5,06

-

43,40±1,57

63,66±7,20

-

70,26±12,92

69,16±9,79

-

92,43±4,44

-

93,80±2,61

-

92,43±2,11

-

MCH (pg)

28,40±1,27

28,90±0,96

-

29,83±0,55

29,40±0,95

-

28,73±0,50

28,46±1,37

MCHC (g/dl)

MCV (fL)

310,00±4,58

313,33±12,20

-

330,33±2,51

318,33±1,52

-

306,00±5,56

303,33±6,56

-

PLT (109/L)

307,33±38,85

366,00±49,75

-

197,00±71,12

131,33±55,37

-

133,66±52,17

148,00±19,46

-

91,63±4,72

90,26±1,80

94,00±1,01

-

Table 1: Average hematological parameters of the elite
female athletes in different periods.
(*P < 0,05 /(** P < 0,01 )/(** * P < 0,001) was considered
statistically significant in the same line. (PR-EX: Pre-Exercise)/
(PO-EX: Post- Exercise)
I. analysis
Parameters
(n=8)

II. analysis

(Baseline)

III. analysis

(3 months later)

(6 months later)

PRE-EX
(Mea±SD)

POST-EX
(Mean±SD)

P

PRE-EX
(Mean±SD)

POST-EX
(Mean±SD)

P

PRE-EX
(Mean±SD)

POST-EX
(Mean±SD)

P

Glucose
(mg/dl)

94,10±12,14

101,00±46,50

-

95,43±12,72

109,86±19,64

-

87,06±8,25

81,90±13,69

-

T. cholesterol
(mg/dl)

189,10±11,10

154,36±53,56

-

183,20±14,01

182,03±28,44

-

198,26±24,39

197,43±4,90

-

HDL cholesterol
(mg/dl)

65,00±15,00

75,00±8,18

-

54,33±20,64

65,00±15,87

-

63,33±7,63

77,00±3,60

-

LDL cholesterol
(mg/dl)

132,00±21,87

115,70±41,40

-

139,10±22,08

123,00±27,56

-

141,80±23,64

128,80±22,65

-

Triglyserides
(mg/dl)

137,33±5,13

136,66±10,59

-

134,66±7,50

164,00±17,08

-

158,00±22,51

191,00±17,08

-

T. Protein
(g/dl)

6,53±0,11

5,40±4,70

-

6,53±0,15

7,53±0,20

-

6,43±0,25

7,50±0,30

-

Urea
(mg/dl)

29,06±13,42

31,63±13,50

-

15,60±4,09

17,10±3,96

-

19,93±7,05

23,06±7,62

-

Creatinine
(mg/dl)

0,88±0,13

0,96±0,19

-

0,95±0,10

1,03±0,12

-

0,92±0,20

1,07±0,26

-

CK
(U/L)

122,00±36,37

190,33±33,56

-

95,00±15,39

111,33±21,93

-

99,33±4,72

133,33±43,98

-

LDH
(U/L)

271,00±12,00

292,00±11,00

-

305,66±3,51

371,66±23,11

-

324,66±43,73

393,00±35,36

-

Table 2: Average biochemical parameters of the elite female athletes in different periods.
(*P < 0,05 /(** P < 0,01 )/(** * P < 0,001) was considered statistically
significant in the same line. (PR-EX: Pre-Exercise)/(PO-EX: PostExercise)
Parameters
(n=3)

I. analysis
(Baseline)
PRE-EX
(Mean ± SD)

POST-EX
(Mean ± SD)

pH

7,36±0,03

7,24±0,04

P CO2

48,33±4,93

II. analysis
(6 months later)
P

PRE-EX
(Mean ± SD)

POST-EX
(Mean ± SD)

-

7,34±0,07

7,29±0,05

-

44,66±10,59

-

48,33±4,93

44,66±10,58

-

P

P O2

24,66±5,03

34,66±14,04

-

23,00±1,00

47,33±8,08

-

HCO3

25,73±0,60

17,46±2,46

-

28,03±1,02

18,63±2,51

-

BE

1,13±0,77

-8,80±0,65

-

1,90±0,96

-7,66±6,67

-

O2SAT

57,63±1,06

69,25±12,75

-

61,00±2,83

67,00±8,33

-

K

3,70±0,17

3,23±0,48

-

4,06±0,47

3,60±0,30

-

Na

140,00±0,01

138,66±3,21

-

139,66±0,57

140,00±0,01

-

Cl

107,00±1,00

106,66±1,15

-

107,66±0,57

108,66±0,57

-

Anion Gap

10,60±0,62

18,03±2,58

-

9,00±0,52

15,93±2,45

-

Table 3: Venous blood gas levels of the elite female athletes in different periods.

(*P < 0,05 /(** P < 0,01 )/(** * P < 0,001) was considered
statistically significant in the same line. (PR-EX: Pre-Exercise)/
(PO-EX: Post- Exercise)

It was also not defined significant changes between the exercise periods (before and after) according to the other biochemical parameters. Besides, no
statistically significant difference was observed be-
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tween the three measurements of the athletes before
and after exercise periods (p > 0.05), shown in Table
5. In blood gas analysis, venous pH, pCO2, HCO3,
and BE values were found significantly (p < 0.05)
lower, however pO2, O2SAT, K, and Anion Gap values were detected significantly (p < 0.05) higher after
all exercise periods in male athletes. Changes in Na
and Cl- values were not found to be statistically significant (p > 0.05) in all measurement (Pre-Ex and
Post-Ex) of the male athletes, shown in Table 6.
I. analysis
PRE-EX
(Mean±SD)

POST-EX
(Mean±SD)

WBC (10 /L)

7,44±1,85

9

III. analysis

II. analysis

(Baseline)

Parameters
(n=8)

(3 months later)

(6 months later)

P

PRE-EX
(Mean±SD)

POST-EX
(Mean±SD)

P

PRE-EX
(Mean±SD)

POST-EX
(Mean±SD)

11,57±2,66

***

6,01±1,89

P

9,36±2,64

*

6,55±2,25

9,09±3,27

*

LNF (109/L)

2,30±0,33

5,01±0,97

***

1,62±0,52

2,94±1,03

*

1,52±0,46

2,68±0,79

*

NOTR (109/L)

4,92±1,64

6,12±1,97

***

4,16±1,40

5,10±1,62

*

4,14±1,95

5,51±2,34

-

HGB (g/dl)

15,13±1,88

15,43±1,72

-

15,72±1,24

16,14±1,31

-

16,89±3,50

17,22±3,04

-

RBC (1012/L)

5,38±0,26

5,42±0,29

-

5,85±1,05

6,37±1,06

-

6,43±1,18

6,82±1,18

-

HCT (%)

46,21±2,44

49,70±2,72

-

45,66±9,26

48,27±10,59

-

46,30±12,10

52,55±10,67

-

MCV (fL)

83,97±4,05

85,66±3,75

-

82,11±2,52

84,53±7,84

-

78,69±2,80

87,11±2,58

-

MCH (pg)

28,40±1,10

28,54±1,21

-

28,69±1,30

28,42±1,21

-

28,34±0,55

28,34±0,84

-

MCHC (g/dl)

31,22±0,56

31,15±0,74

-

31,84±1,02

31,15±1,01

-

30,96±0,65

30,80±0,67

-

PLT (109/L)

267,00±44,36

298,20±43,49

-

212,90±68,58

239,20±91,89

-

164,40±67,71

179,90±76,14

-

Table 4: Average hematological parameters of the elite
male athletes in different periods.

(*P < 0,05 /(** P < 0,01 )/(** * P < 0,001) was considered statistically
significant in the same line. (PR-EX: Pre-Exercise)/(PO-EX: PostExercise)
I. analysis
Parameters
(n=8)

II. analysis

(Baseline)

PRE-EX
(Mean±SD)

POST-EX
(Mean±SD)

Glucose
(mg/dl)

110,21±27,07

92,41±11,85

T. cholesterol
(mg/dl)

193,93±11,42

189,57±36,74

III. analysis

(3 months later)
P
*

PRE-EX
(Mean±SD)

(6 months later)

POST-EX
(Mean±SD)

P

111,77±20,81

89,44±14,52

*

195,70±20,76

191,81±20,93

PRE-EX
(Mean±SD)

POST-EX
(Mean±SD)

99,57±19,07

83,40±6,82

195,72±19,71

197,84±18,85

HDL cholesterol
(mg/dl)

61,80±12,09

74,00±9,93

56,60±13,47

68,90±10,03

53,80±9,93

71,20±7,05

LDL cholesterol
(mg/dl)

132,00±21,87

115,70±41,40

139,10±22,08

123,00±27,56

141,80±23,64

128,80±22,65

Trygliserides
(mg/dl)

128,70±10,08

131,40±17,61

145,70±22,78

154,10±27,99

143,89±30,98

166,56±32,91

T. Protein
(g/dl)

6,66±0,16

7,42±3,41

6,71±0,20

7,44±0,82

6,60±0,20

7,44±0,54

Urea
(mg/dl)

21,35±10,50

23,51±11,13

22,87±8,95

25,51±9,92

17,57±5,93

20,76±6,58

Creatinine
(mg/dl)

0,89±0,11

0,92±0,13

0,99±0,20

1,05±0,23

0,88±0,11

0,99±0,13

CK
(U/L)

112,70±73,77

129,80±47,59

95,70±20,02

116,30±16,35

139,90±40,91

147,70±51,45

LDH
(U/L)

289,80±15,43

300,90±33,40

329,67±59,28

364,11±53,02

309,89±53,65

367,44±53.30

***

***

***

***

P
*

**

***

Table 5: Average biochemical parameters of the elite
male athletes in different periods.
(*P < 0,05 /(** P < 0,01 )/(** * P < 0,001) was considered statistically
significant in the same line. (PR-EX: Pre-Exercise)/(PO-EX: Post- Exercise)
Parameters
(n=8)

I. analysis
(Baseline)

II. analysis
(6 months later)

PRE-EX
(Mean ± SD)

POST-EX
(Mean ± SD)

P

PRE-EX
(Mean ± SD)

POST-EX
(Mean ± SD)

pH

7,38±0,05

7,23±0,07

*

7,38±0,06

7,24±0,05

*

P CO2

51,00±7,41

41,20±10,17

*

49,63±4,47

41,80±9,09

*

P

P O2

46,88±3,87

58,13±18,15

*

46,00±4,87

60,63±14,10

*

HCO3

26,81±1,93

18,80±3,67

*

26,68±1,97

19,20±2,96

*

BE

0,39±1,63

-8,26±3,42

*

1,20±1,48

-8,44±4,87

*

O2SAT

57,63±1,06

69,25±12,75

*

61,00±2,83

67,00±8,33

*

K

3,38±0,33

3,76±0,15

*

3,51±0,34

3,98±0,41

*

Na

141,25±1,83

140,13±2,30

-

140,13±1,25

139,63±1,92

-

Cl

107,50±1,31

107,13±1,89

-

107,63±1,19

107,50±0,76

-

Anion Gap

11,03±2,62

17,25±2,95

*

9,55±1,07

16,53±2,55

*

Table 6: Venous blood gas levels of the elite male athletes
in different periods.

(*P < 0,05 /(** P < 0,01 )/(** * P < 0,001) was considered statistically
significant in the same line. (PR-EX: Pre-Exercise)/(PO-EX: Post- Exercise)

Discussion
WBC, LNF, and NOTR values of the Kyrgyz
elite athletes (male and female) were observed higher
after exercise periods in all three measurements in the
present study. Spiropoulos and Trakada(16) also detected similar results with ours in Greek athletes according to WBC, LNF, and NOTR values after a marathon
race. This phenomenon has been supported by many
other researchers(17, 18). The increase WBC count by
exercise can be mainly caused by the release of leucocytes from marginal pools depends on increased
blood flow and catecholamine values(17, 19).
Although RBC, HTC, and HGB values were
found higher in male athletes in all post-exercise
periods, these values interestingly decreased in 3rd
post-exercise measurements in female athletes. These
values were also defined higher after a running train
and exercise by other researchers in both male and
female athletes(20, 21). On the other hand, our results
were inconsistent with some previous studies(16, 22).
These differences can be occurred due to poor nutritional intake of iron, intravascular hemolysis, blood
and iron loss through menstruation, and loss of iron
through sweating(16, 23). However, there was no significant change between pre and post-exercise periods
according to MCV, MCH, and MCHC levels in male
athletes, it was detected a slight decrease in MCV,
MCH and MCHC values in female athletes in 3rd
post-exercise measurements in this study. Atan and
Alacam(20) also found similar results in male athletes
with our study according to MCH and MCHC values
except for MCV levels after exercise periods. Interestingly, it was not detected any fluctuation in MCV,
MCH, and MCHC values in an 8-week core exercise
program exposed sedentary females(24). It must be occurred due to blood and iron loss through menstruation in female athletes(16). Although there was no significant changes in PLT values pre and post-exercise
periods in male and female athletes, PLT levels of the
male athletes were tended to increase after exercise,
whereas in females, this value decreased to the lowest
level in the second measurements in the present study.
PLT values were defined higher in marathon athletes
after the competition by Spiropoulos and Trakada(16). Similarly, PLT values were detected higher in
post-exercise periods in male athletes in a previous
study(20). It can be occurred due to the release of fresh
platelets from the spleen or bone marrow due to the
secretion of epinephrine(25, 26).
Although serum Glu values of the male athletes
were defined lower in all post-exercise periods, these
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parameters fluctuated in female athletes during the
preparation period in this study. Glu values were detected higher in marathon athletes 4 hours after the
competition by Kratz et al. which was inconsistent
with our results(27). In addition, Glu levels in triathlon athletes, however, were found significantly higher after the race when compared with the pre-race
values by Long et al.(28). Increased Glu values also
detected immediately after a marathon competition
by Spiropoulos and Trakada(16). Differences can be
explained by the exercise no reflect the rise in catecholamine levels which cause an increase in hepatic
glucose production(1, 29). Serum LDH and CPK levels
increased in all post-exercise period measurements in
both female and male athletes in the present study.
Increased LDH and CPK values were also found after
different resistance and aerobic exercise protocols in
athletes by Callegari et al.(30). Our results were similar
to previous studies(31, 32). It must be due to the activation of the glycolytic pathway in athletes. Another
important enzyme for the evaluation of the hydroelectrolytic balance of the body is Creat levels increased
in all post-exercise periods in the present study.
Our findings were similar with other studies
according to serum Creat levels. In addition, serum
Creat levels were observed remarkably higher in elite
athletes than sedentary in previous studies(28, 33). It can
be thought to have excess muscle mass of the elite
athletes. In addition, these may be occurred due to the
intensity of training or not enough recovery(34).
TP and Urea levels of the athletes increased after the exercise periods in all measurements except
1st analysis of the female athletes which observed an
interesting reduction. Souglis et al.(35) also determined
increased urea levels following a Soccer, Basketball,
Volleyball, and Handball matches. These parameters
also determined higher after the short and long-distance running competitions by other researchers(16, 27,
36)
. It can be explained to the extent of tissue damage-induced acute-phase reaction and/ or an increase
in plasma fibrinogen values. Although TC and LDL
values were determined lower after the exercise periods except the 3rd measurement of the male athletes,
HDL values increased due to exercise in male and
female athletes in the present study. LeMura et al.(37)
and Vatani et al.(38) also found similar results with our
study according to TC, HDL, and LDL values after
resistance training. Interestingly, all three enzyme
values were detected higher after the exercise periods
by Banz et al.(39). Similarly, TC levels were detected
higher immediately after the marathon in a previous
study(27).

1097

Another important enzyme about the lipid metabolism is Trig values were detected higher after
the exercise periods except 1st measurements of the
female athletes in our study. Serum Trig values increased after the resistance training and aerobic exercise (moderate-intensity) in other studies(38, 40). However, Kraus et al.(41) and Fett and Marchini(42) also
found similar results according to Trig values after
exercise and circuit training periods in athletes. Differences can be occurred due to increased volume of
movement via increased numbers of sets and/or repetitions in different types of exercise and/or competition methods.
Venous blood pH levels decreased due to exercise in male and female athletes (in all measurements)
in the present study. Azizi(43) also detected the same
results in female athletes/non-athletes. In addition,
decreased pH levels also determined by other researchers depend on the exercise(44, 45). Although venous blood PCO2 values were detected lower after
the exercise periods, PO2 values were found significantly higher in male and female athletes after the
exercise periods when compared to the pre-exercise
periods in the present study. Interestingly, both PCO2
and PO2 values were detected higher in female athletes in the post-exercise period by Azizi(43). On the
other hand, Lippi et al.(44) did not observe any significant change in PCO2 and PO2 values after the demanding physical exercise in athletes.
Differences in PCO2 and PO2 values must be
observed due to an accumulation of the lactic acid
and H+ ions in blood during the exercise(46). Venous
blood HCO3 and BE decreased, however, O2SAT
and Anion gap values increased due to exercise in
this study. Azizi(43) also detected similar results with
ours according to HCO3 values in female athletes
and non-athletes. There is limited information about
the venous blood HCO3, BE, Anion gap, and O2SAT
values after the exercise in elite athletes. Increased
alveolar ventilation and also the consumption of bicarbonate by the body to compensate for the falling of
pH may have led to occurring of these results.
Although K values decreased in female, increased
in male athletes after the exercise in the present study,
interestingly. On the other hand, there was no significant difference was detected in other parameters (Na
and Cl) after the exercise periods in our study. Decreased Na and Cl, whereas unchanged K values were
detected four hours after a marathon race by Kratz et
al.(27) which was contradictory with our findings. Exercise-induced activation of the renin-angiotensin-aldosterone system can led to change of these parameters(47).
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In conclusion, some hematological, biochemical
and blood gas values of the elite athletes were defined,
and influences of the exercise periods on elite athletes
were evaluated before the Olympic Games. In addition, it was concluded that many blood parameters of
the elite athletes affected acutely by exercise, but the
six-month period did not cause significant changes.

Ihsan Kısadere, Kanat Dzhanuzakov et Al

13)

14)

15)

References
1)

2)

3)

4)
5)

6)

7)

8)

9)

10)

11)

12)

Andreato LV, Franchini E, de Moraes SM, Pastório JJ,
da Silva DF, et al. Physiological and technical-tactical
analysis in brazilian jiu-jitsu competition. Asian J Sports
Med 2013; 4 (2): 137-143. doi: 10.5812/asjsm.34496
Durand-Bush N, Salmela JH. The development and
maintenance of expert athletic performance: Perceptions
of world and olympic champions. J Appl Sport Psychol
2002; 14(3): 154-171. https://doi.org/10.1080/1041320
0290103473.
Chatard JC, Mujika I, Guy C, Lacour I. Anaemia and
iron deficiency in athletes. Practical recommendations
for treatment. Sport Med 1999; 27 (4): 229-240. doi:
10.2165/00007256-199927040-00003.
Hartmann U, Mester J. Training and overtraining markers in selected sport events. Med Sci Sports Exerc 2000;
32:209-15.
Lombardo B, Izzo V, Terracciano D, Ranieri A, Mazzaccara C, et al. Laboratory medicine: health evaluation in
elite athletes. Clin Chem Lab Med 2019; 57(10): 1450–
1473.
Hecksteden A, Pitsch W, Julian R, Pfeiffer M, Kellmann
M, Ferrauti A, et al. A new method to individualize monitoring of muscle recovery in athletes. Int J Sports Physiol Perform 2017;12:1137–42.
Earnest CP, Artero EG, Sui X, Lee DC, Church TS,
Blair SN. Maximal estimated cardiorespiratory fitness,
cardiometabolic risk factors, and metabolic syndrome in
the aerobics center longitudinal study. Mayo Clin Proc
2013; 88:259-70.
Carrieri M, Trevisan A, Bartolucci GB. Adjustment to
concentration- dilution of spot urine samples: correlation between specific gravity and creatinine. Int Arch
Occup Environ Health 2001;74:63-7.
Tripathi T, Saxena S, Saha S, Saxena J , Rastogi D,
Srivastava C. Study of Effect of Various Grades of Exercise on Serum Proteins in Healthy Young Indian Adults.
Int J Physiol 2020; 8( 04): 80-85.
Plane`s C, Leroy M, Foray E, Raffestin B. Arterial
Blood Gases During Exercise: Validity of Transcutaneous Measurements. Arch Phys Med Rehabil 2001; 82:
1686-1691.
Awasthi S, Rani R, Malviya D. Peripheral venous blood
gas analysis: An alternative to arterial blood gas analysis for initial assessment and resuscitation in emergency and intensive care unit patients. Anesth Essays Res
2013; 7(3): 355–358. doi: 10.4103/0259-1162.123234.
Kirubakaran C, Gnananayagam JEJ, Sundaravalli EK.

16)

17)

18)

19)

20)

21)

22)
23)

24)
25)
26)
27)

28)

Comparison of Blood Gas Values in Arterial and Venous
Blood. Indian J Pediatr 2003; 70: 781-85.
Trivic T, Radjo I, Tabakov S, Mekic A, Drid P. Influence of exercise on blood lipids and immune system in
female Serbian judokas. HealthMED 2011; 5(5): 12871292.
Manfredini F, Carrabre JE, Litmanen H, Zhukovskaja
L, Malagoni AM, Dal Follo D, et al. Blood tests and fair
competition: the biathlon experience. Int J Sports Med
2003; 24:352-358.
Mørkeberg JS, Belhage B, Damsgaard R. Changes in
blood values in elite cyclist. Int J Sports Med 2009;
30:130-138.
Spiropoulos K, Trakada G. Hematologic and biochemical laboratory parameters before and after a marathon
race. Lung 2003; 181 (2): 89-95. doi: 10.1007/s00408003-1009-y.
Iversen PO, Arvesen BL, Benestad HB. No mandatory
role for the spleen in the exercise-induced leucocytosis
in man. Clin Sci 1994; 86 (5): 505-510. doi: 10.1042/
cs0860505.
Wigernæs I, Høstmark AT, Strøomme SB, Kierulf P,
Birkeland K. Active recovery and post-exercise white
blood cell count, free fatty acids, and hormones in endurances athletes. Eur J Appl Physiol 2001;84 (4): 358366. doi: 10.1007/s004210000365.
Pedersen BK, Ostrowski K, Rohde T, Bruunsgaard H.
The cytokine response to strenuous exercise. Can J
Physiol Pharmacol 1998; 76 (5): 505-511. doi: 10.1139/
cjpp-76-5-505.
Atan T, Alacam H. The effects of acute aerobic and anaerobic exercise on blood parameters. Anthropologist
2015; 19 (1): 87-93. doi: 10.1080/09720073.2015.1189
1642.
Shivalingaiah J, Vernekar SS, Raichur RN, Goudar SS.
Influence of athletic training on hematological parameters in runners: A cross-sectional study. Natl J Physiol
Pharm Pharmacol 2015; 5 (2): 125-128. doi: 10.5455/
njppp.2015.5.191020141.
Moosavizademonir. Effect of one period of training on
hemoglobin , hematocrit and RBC of athlete girls. Ann
Bio Res 2011; 2(6): 642-644.
Alam T, Niazur Rahman SM, Alam T, Habib N, Umar
BU, et al. Effect of physical exercise on some hematological parameters in female athletes in Bangladesh.
J Nepal Med Assoc 2014; 52 (195); 892-896. doi:
10.31729/jnma.2710
Cengiz SS, Cinar V. The Effect of 8-Week Core Exercises on Some Hematological Parameters in Sedentary
Females. Turkish J Sci Res 2014; 1(1): 1-5.
Heidari N, Dortaj E, Karimi M, Karami S, Kordi N. The
effects of acute high intensity interval exercise of judo
on blood rheology factors. Turk J Kin 2016; 2(1): 6-10.
Biswanath Garai TM, Sridip Chatterjee SM. Effect of
exercise on platelet variables: An overview. Int J Phys
Educ Sport Heal 2017; 4 (3): 506-510.
Kratz A, Lewandrowski KB, Siegel AJ, Chun KY, Flood
JG, et al. Effect of marathon running on hematologic
and biochemical laboratory parameters, including cardiac markers. Am J Clin Pathol 2002; 118(6): 856-863.
doi: 10.1309/14TY-2TDJ-1X0Y-1V6V.
Long D, Blake M, Naughton LM, Angle B. Hematological and biochemical changes during a short triathlon
competition in novice triathletes. Eur J Appl Physiol

Seasonal analysis (six-months) of blood parameters of kyrgyz elite athletics athletes before 2016 rio olympics games

29)

30)

31)

32)

33)
34)

35)

36)

37)

38)

39)

40)

41)

42)

Occup Physiol 1990; 61(1-2): 93-99.
Peter Adams O. The impact of brief high-intensity exercise on blood glucose levels. Diabetes. Metab Syndr Obes Targets Ther 2013; 6: 113-122. doi: 10.2147/
DMSO.S29222.
Callegari GA, Novaes JS, Neto GR, Dias I, Garrido
ND, et al. Creatine Kinase and Lactate Dehydrogenase
Responses after Different Resistance and Aerobic Exercise Protocols. J Hum Kinet 2017; 58 (1): 65-72. doi:
10.1515/hukin-2017-0071.
Wolf PL, Lott JA, Nitti GJ, Bookstein R. Changes in
serum enzymes, lactate, and haptoglobin following
acute physical stress in international-class athletes.
Clin Biochem 1987; 20(2): 73-77. doi: 10.1016/s00099120(87)80102-9.
Klapcińska B, Iskra J, Poprzecki S, Grzesiok K. The effects of sprint (300 m) running on plasma lactate, uric
acid, creatine kinase and lactate dehydrogenase in competitive hurdlers and untrained men. J Sports Med Phys
Fitness 2001; 41(3): 306-11.
Banfi G. Serum Creatinine Concentrations in Athletes:
Are They Normal? Brazilian J Biomotricity 2010; 4 (3):
157-164.
Tartibian B, Nouri H, Azadpour N, Kosar SN, Massart
A, et al. Eight weeks judo training increases oxidative
stress biomarkers and creatine kinase in male judoka.
Indian J Biochem Biophys 2015; 52(5-6): 281-288.
http://nopr.niscair.res.in/handle/123456789/41826.
Souglis A, Bogdanis GC, Giannopoulou I, Papadopoulos Ch, Apostolidis N. Comparison of Inflammatory
Responses and Muscle Damage Indices Following a
Soccer, Basketball, Volleyball and Handball Game at an
Elite Competitive Level. Res Sport Med 2015; 23(1):
59-72. doi: 10.1080/15438627.2014.975814.
Sawaki K, Takaoka I, Sakuraba K, Suzuki Y. Effects of
distance running and subsequent intake of glutamine
rich peptide on biomedical parameters of male Japanese athletes. Nutr Res 2004; 24(1): 59-71. https://doi.
org/10.1016/j.nutres.2003.09.008.
LeMura LM, Von Duvillard SP, Mookerjee S. The effects of physical training of functional capacity in
adults. Ages 46 to 90: A meta-analysis. J Sports Med
Phys Fitness 2000; 40 (1): 1-10.
Vatani DS, Ahmadi S, Mojtahedi H, Marandi M, Ahmadi
DK, et al. Effect of moderate and high intensity resistant
exercises on cardiovascular risk factors in non-athlete
university students. Trauma Mon 2011; 16 (2): 115-121.
Banz WJ, Maher MA, Thompson WG, Bassett DR,
Moore W, et al. Effects of resistance versus aerobic
training on coronary artery disease risk factors. Exp Biol
Med 2003; 228 (4): 434-440. doi: 10.1177/1535370203
22800414.
O’Donovan G, Kearney EM, Nevill AM, Woolf-May
K, Bird SR. The effects of 24 weeks of moderate- or
high-intensity exercise on insulin resistance. Eur J Appl
Physiol 2005; 95(5-6): 522-528. doi: 10.1007/s00421005-0040-5.
Kraus WE, Houmard JA, Duscha BD, Knetzger KJ,
Wharton MB, et al. Effects of the amount and intensity
of exercise on plasma lipoproteins. N Engl J Med 2002;
347 (19): 1483-1492. doi: 10.1056/NEJMoa020194.
Fett CA, Fett WCR, Marchini JS. Circuit weight training vs jogging in metabolic risk factors of overweight/
obese women. Arq Bras Cardiol 2009; 93 (5): 519-25.

43)

44)

45)

46)
47)

1099

doi: 10.1590/s0066-782x2009001100013.
Azizi M. The comparison of aerobic training on blood
gases in athlete and non-athlete high school girls. Procedia - Soc Behav Sci 2011; 15: 1556-1560. https://doi.
org/10.1016/j.sbspro.2011.03.330.
Lippi G, Schena F, Franchini M, Guidi GC. Chronic
influence of demanding physical exercise on venous
blood-gas status. J Sci Med Sport 2007; 10 (5): 288-290.
https://doi.org/10.1016/j.jsams.2006.08.005.
Viña J, Sanchis-Gomar F, Martinez-Bello V,
Gomez-Cabrera MC. Exercise acts as a drug; The pharmacological benefits of exercise. Br J Pharmacol 2012;
167(1): 1-12. doi: 10.1111/j.1476-5381.2012.01970.x
Hermansen L, Osnes JB. Blood and muscle pH after
maximal exercise in man. J Appl Physiol 1972; 32 (3):
304-308.
Scorza WE, Scardella A. Fluid and Electrolyte Balance. Crit Care Obstet 2011; 31(10): 69-92. https://doi.
org/10.1002/9781119129400.ch6.

Acknowledgements
This article has been produced from Kyrgyz Turkish Manas University's KTMU-BAP 2015.FBE.06 scientific research project.
The Project was supported by the Olympic Sports Directorate of
the Ministry of Sports of Kyrgyzstan and Bishkek Coordinator of
Turkish Cooperation and Coordination Agency (TİKA).
*ORCID (Open Researcher and Contributor ID).
MK (0000-0002-8917-9048)*, IK (0000-0003-0732-0464)*, BD
(0000-0002-3063-9863)*, SP (0000-0003-3817-3575)* , HG
(0000-0002-0227-0691)*, MG (0000-0003-0047-2203)*, DA
(0000-0002-7569-1286)*, SG (0000-0003-1837-0256), and KC
(0000-0001-9138-4799)*.

–––––––––
Corresponding Author:
Asistant professor İhsan Kısadere
Balikesir University, Faculty of Veterinary
Department of Physiology, Balikesir
Email: ihsan.kisadere@balikesir.edu.tr
(Turkey)

