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ABSTRACT  

Background. In team sports, according to perform variety of motor skills, development of special bio-motor abilities 

and  imposed proper exercise stress, hematologic adaptations following exercise will be different.  

Objectives. Therefore, the aim of this study was the effects of six weeks combined training program on 

hematological parameters in elite basketball players.  

Methods. Fifteen athletes from 30 qualified players for basketball playoff league, with the average age of (24±1/5) 

years, selected randomly and they were participated in 6weeks (3 sessions per week) of combined training (circular 

resistance training and basketball special-skills). Blood samples were drawn in the fasting state for Three times: 

before, after and 24 recovery hours in order to measure the hematologic parameters (red and white blood cells, 

hemoglobin, hematocrit, MCV, PLT, MCH, MCHC, plasma volume).  

Results. Significant increase in the white blood cells and platelet counts were obtained, in two stages; after and 24 
hours recovery times. While the levels of hemoglobin, hematocrit, and number of red blood cells (RBC) were 

decreased after 24 hours of recovery significantly. The significant changes weren't observed in MCH, MCHC, MCV 

and plasma volume factors following the combined training program.  

Conclusion. Performing combined training plays an important role in physiological and hematological adaptations 

processes and promotion athletic performance. While, prescription this method of training must be associated with 

regularly biochemical blood monitoring to balance between exercises stress and recovery strategies. 
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INTRODUCTION 
The dominating content of body fluids is 

water. Approximately 60-65% of body water is 
contained within the cells that are separated from 

external environment by cell membrane (in 
intracellular fluid) with the other 35-40% of 
body water contained outside the cells in 
extracellular fluid(1). The cytosol or ICF is a 
complex mixture of substances dissolved in 
water. Although water forms the large majority 

of the cytosol, its structure and properties within 
cells is not well understood. The concentrations 
of ions such as sodium and potassium are 

different in the cytosol than in the extracellular 
fluid; these differences in ion levels are 
important in processes such as osmoregulation, 
cell signaling, and the generation of action 
potentials in excitable cells such as endocrine, 
nerve and muscle cells(2). Extracellular fluids 
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collectively are the all fluids that are in the 
outside of cells that make up about one-third of 
body water as well as Extracellular fluid, in 
conjunction with intracellular fluid, helps control 
the movement of water and electrolytes 

throughout the body. In order to maintain 
osmotic balance, the extracellular compartments 
of a mammal's body must be able to excrete and 
absorb water to and from the environment. In 
addition inorganic ions must also be exchanged 
between ECF and the external environment to 
maintain homeostasis(3). Blood is a bodily fluid 

in animals that consists of 4 to 5 percent of our 
body weight and is divided in two parts; plasma 
and blood cells that delivers necessary 
substances such as nutrients, hormones and 
oxygen to the cells and transports metabolic 
waste products away from activated tissues(4). 
Participating in Physical activity and exercise 

training with the purposes of increasing aerobic 
capacity, body endurance; depends on various 
factors, one of the most important indicators of 
physiological adaptations followed by training, 
is improving the oxygen carrying capacity by red 
blood cells. Several Parameters such as numbers 
of red blood cells, hemoglobin and hematocrit 
levels and plasma volume play key role in 

supply oxygen and disposal CO2 from active 
tissues. It appears that these changes may 
influences on athletic performance, recovery and 
long-term compatibility(5, 6). Various studies 
have investigated the changes of blood 
components following different exercise 
program(7, 8). In line with the results of this 

study, Field, Gougeon and Marliss (1991) were 
reported double raise of White Blood Cells 
(WBC) number after two exhaustive stationary 
bike training session(9). Beside, Havil, Ebrahim 
, Aslankhani (2003) and Nemet, Mills, Cooper 
(2004) revealed significantly increased in the 
amount of WBC, after a progressively aerobic 

exercise and wrestling training sessions(10, 11). 
As well as Nielsen Secher, Perdersen(1996) 
found that 3-fold increase in WBC levels after 
two training sessions of professional sailing(12). 
Ronsen, Krach, Haugh (2002) and Gleeson 
(2007) expressed significantly increased the 
number of WBC after two sessions of intense 
endurance training (with an intensity of 75% 

VO2 max)(13, 14). But Robson-Ansley, 
Blannin, Gleeson (2007) were not observed 

dramatic changes in the number of WBC plasma 
after three consecutive of endurance training 
sessions(15). Boyajiev,Taralov, (2000) reported 
a significantly increased in the number of Red 
Blood Cells (RBC) in young boys and girls 

followed by submaximum training(16). 
Ahmadizad et al, (2003); were expressed 
significantly increased in platelet counts and 
meaning of plasma volume after three types of 
endurance training with different intensities(17). 
also Wu et al (2004); were not observed the 
significantly increased in the number of WBC, 

PLT and other blood factors after 24 hours of 
endurance exercise(6). Karacok and 
Dressendorfer (2005,1991) in their studies, were 
reported significantly reduced in hemoglobin 
levels and MCV and an increased the number of 
PLT and WBC after 90 minutes of football 
practice, but  the RBC changes wasn't 

significant(18, 19). As well as Stojic et al 
(2002); in compared two control and trained 
groups, weren't expressed significant changes in 
hemoglobin and hematocrit levels(20). Review 
of scientific evidence shown that; there are 
inconsistent and limited scientific information 
related to hematology changes following the 
implementation of special training program (in 

respects of intensity and duration of exercise) 
during a specified period of time. The majority 
of studies are related to the effects of a training 
session (resistance or aerobic) and 
competition(16, 21). Due to time constraints in 
the preparation of athletes, participating in 
appropriate training volume and intensity 

(effective metabolic stress and mechanical work) 
is possible only by multiple intense daily 
training sessions. Also, scientific evidence 
showed that combines training as an accredited 
training method implies on implementation of 
two type of training protocol with different 
purposes, such as strengthening the muscles, 

increase cardiorespiratory endurance and sport 
specific skills during a training session. 
However, the physiological consequences of 
combined training may have significant effects 
on hematologic changes that influence optimal 
athletic performance. Therefore, despite the 
results of studies that have done related to this 
topic, but direct influences of blood factors 

changes on athletic performance profile in 
different sports is unclear. So, the purpose of this 
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study was to evaluate the hematological factors 
changes followed six weeks of combined 
training (circuit resistance and sport-specific 
skills training of basketball) at two times; in the 
morning and afternoon among basketball players 

before  participating in their main tournament. 
 

MATERIALS AND METHODS 
Participants. Fifteen male players on 

average of 24±1.5 year's old and 
anthropometrical characteristics average of 

(weight 83±3.3 kg, height 188± 6.1 cm, body fat 
percentage of 11.7± 2.04 and the body mass 
index of 23.4± 2.03 kg/m2) were selected from 
the 30 elite basketball player's playoff League 
population randomly. Each subject read and 
signed a written informed consent and completed 
medical history questionnaire. Medical 

clearance, carried out by qualified practitioner in 
order to lack of any metabolic, hematological, 
infections, allergies and cardiovascular diseases. 
Subjects not smoking and taking any energetic 
and sport supplements within the last three 
months before and during research. 

Measurements. The anthropometric 

characteristics of the subjects were including 
body weight (was measured by Seca digital scale 
made in Chinese with 100 gr of measurement 
accuracy), Stature (was measured by Seca wall 
stature gauge with measurement accuracy of 0.1 
cm), body mass index (was calculated by 
dividing weight to height square), body fat 
percentage estimation (was calculated by using 

mechanical Harpenden caliper with 6 points with 
tipton regression equation) (22). 

Body Fat percentage = (chest × 0.148) + 
(subscapular × 0.075) + (triceps × 0.77) + 
(superiliac× 0.16) + (abdominal × 0.152) + 
(thigh × 0.102) 

In order to measurement maximum oxygen 
consumption (Vo2max) in two stages (pre-post), 
submaximal Fox ergometer test with the 
reliability measurement standard error of 8.7 ±% 
and the correlation coefficient of (r = 0.76 

standard method of estimation method) was 
used. At the first subjects must pedal for 5 
minutes continuously on a stationary bike with 
consistent intensity of 150 watts (cadence around 
the 50 to 60 flywheel per minute) (23). 

VO2max (ml/kg/min) = (6300-19.26) 
(recorded 5 minute heart rate) 

For measuring of one repetition maximum 
(1RM), after 10 minute General muscles 
warming-up, one repetition maximum  was 
calculated by Brzycki formula (lower than10 
repetitions) in the performance of  bench press, 
curls arm, triceps extension, knee flexion, knee 
extension, leg press and Lat pull-down cable 

exercises (24). 
1RM = (weight) / (1.0278 × repetitions) 
Exercise program. Participants were 

informed and guided about the training program 
completely. Then, circuit resistance training 
protocol was performed under the supervision of 
a qualified coach for 40 minutes in the morning 
and 60 minutes of basketball specialized skills 

training in afternoon. As participants warm up 
their body for 15 minutes at 65 to 70 percent of 
maximum heart rate, then performing circuit 
resistance training at seven stations (bench press, 
biceps curl, triceps extension, knee flexion, knee 
extension, leg press, lateral raise) in the 
sequence of 1 minute training (with 40 to 95% of 

one repetition maximum) and 1 minute of rest 
for three times at 10 AM. Three minutes rest was 
considered between each circuit. As well as 
players performed specific basketball skills 
(techniques and tactics) training for 60 minutes 
with intensity of 65 to 85 percent of maximum 
heart rate in afternoon (Table 1). 

 
Table 1. Training variable changes during six weeks of combined training 

Weeks %1RM Set× Rep %MHR 

1-2 40-60 3× 15-20 65-75 

3-4 65-75 4× 10 75-85 

5-6 85-95 4× 3 85 

 
 
Physical Activity and Daily Nutritional 

Statutes. Nutritional status and diet are key 
factors that influence on research results. 
Amount of calories consumption of participants 
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during six-weeks of exercise protocol was 
monitored by Supervision of Nutritionist and by 
using Food analyzer software. The average of 
calorie intake (with a combined of 62 percent 
carbohydrate, 22 percent fat and 18 percent 

protein) was calculated daily equivalent to 
4200±101 kcal (figure 1). In order to eliminate 
the possible impact of dehydration on 
hematological parameters, the subjects were 
instructed to drink sufficient water and also to 
refrain from strenuous exercise during 24 hours 
prior to collection of blood samples. 

 

 
Figure1. Food composition of players during 6 

week of training program. 

 

Blood Sampling and Laboratory Analysis.  

In order to study Hematologic parameters 
following exercises protocol, blood samples 
were collected  in fasting statue from right 
antecubital vein in three stages before, after and 
24 hours of recovery times, Then  blood samples 

were collected and transferred by a vial 
containing K3EDTA (anticoagulant agent) to the 
Central Medical Laboratory immediately. 
hematological parameters including red blood 
cell count (RBC), hemoglobin (Hb), hematocrit 
(Hct), mean red cell volume (MCV), mean red 

cell hemoglobin (MCH), white blood cell 
(WBC), blood platelets (PLT),mean red cell 
hemoglobin concentration (MCHC) were 
analyzed using an automated cell 
counter(Sysmex, Japan). 

Statistical Analysis. The data were expressed 
as mean and standard deviation. After determining 
the normal distribution of data (Kolmogorov-
Smirnov test) and Homogeneity of variance) 
Leven-test) as well as in purpose to comparison the 
selected hematological Parameters that mentioned 
above in three interval times (before, after and 24 

hours recovery) one-way repeated measures 
(ANOVA) was performed. Dependent t-test was 
used to determine significant differences existed 
between data in two times (pre & post).the 
significant level was set at p<0.05. All analyses are 
carried out using SPSS (18.0). 

 

RESULTS  
The findings of this study, showed that 

Anthropometric factors, (weight, body mass 
index and body fat percentage) Physiological 
(maximum oxygen consumption, and 1 
Repetition Maximum) and Hematological (RBC, 

WBC, PLT, hemoglobin and hematocrit) were 
changed significantly (p<0.03) (Tables 2, 3, 4 
and 5). While, the Levels of WBC, PLT, 
increased significantly within 24 hours of 
recovery and after the exercise protocol 
respectively. Likewise, the RBC, hematocrit and 
Hemoglobin factors were reduced significantly 
after 24 hours of recovery time (p<0.03). In 

addition, no significant changes were observed 
in the (MCH, MCV, MCHC and plasma volume) 
parameters after the implementation of 
combined training program. 

 

Table 2. Anthropometric and physiologic characteristics of subjects in two stages of exercise protocol 

 Vo2max (ml/kg/min) Age (year) Height (cm) Weight (kg) BMI (kg/m
2
) BF (%) 

Pre- test 56.16±5.03 
24±1.5 188±6.1 

83± 3.3 23.4± 2.03 11.7±2.04 

Post- test 61.12±4.01* 80± 3.2* 22.6±2.1 10.3±2.02 

 

 

Table 3. Subject's one repetition maximum estimated in circuit resistance training before and after the 

implementation of the training protocol. 

 Lateral 

raise 

Knee 

flexion 

 Knee 

extension 

Leg press Triceps 

extension 

Biceps 

curls 

Bench press 

Pre  21±3.4 41±4.4 66±5.5 186±10.2  32±2.1 40±6.1 80.5±10.1 

Post  29.5± 4.1  52±6.2  83±6.1 244±14.8 38±3.1 47±4.2 89.5±11.9 

60% 
18% 

22% 

charbo 
fat 
protein 
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Table 4. The changes profile of hematologic parameters in three stages following combined training protocol 

 Value Pre-test Post-test 24 h after  Recovery P-value 

WBC 10³/μl 7.11± 0.41 8.13±0.32 8.86±0.46 0.03* 

RBC 10
6
/μl 6.25±0.11 5.12±0.21 5.14±0.10 0.02* 

HCT % 46.42±0.47 46.32±0.21 45.14±0.10 0.02* 

HGB g/L 16.18±0.12 16.65±0.08 15.33±0.06 0.02* 

PLT 10³/μl 218.15±17.4 238.13±11.2 226±14.10 0.00* 

PV % 54.25±2.1 54.12±2.3 55.10±2.1 0.26 

MCH pg 26.44±2.1 27.12±1.2 27.22±1.02 0.30 

MCHC g/dl 35.11±1.1 35.22±0.8 35.17±0.1 0.41 

MCV FL 87.24±2.1 86.13±2.03 86.43±2.2 0.23 

* p˂0.05 considered significant, MCH (Mean corpuscular Hemoglobin), MCHC (Mean corpuscular Hemoglobin 

concentration), MCV (Mean corpuscular volume), PV (Plasma volume) 

 

 

Table  5. Compared hematological parameters profile in three stages of combined training (Bonferroni-test) 

P-value SE Mean Difference 
Variables 

24h post 24h post 24h post 

0.02* 0.40 0.33 .440 -1.06 -0.69 Pre WBC (×10³/μl) 

0.00* 0.04* 0.04 0.00 0.14 0.06 Pre RBC (×10
6
/μl) 

0.00* 0.60 0.18 0.04 2.13 0.34 Pre HCT (%) 

0.01* 0.70 0.03 0.02 0.39 0.09 Pre HGB (g/L) 

0.40 0.02* 4.33 7.43 -6.80 -3.40 Pre (PLT (×10³/μL 

* p˂0.05 considered significant 

 

 

DISCUSSION AND CONCLUSION 
This study was conducted to determine, 

hematological parameters (WBC, RBC, HCT, 
HGB, MCH, MCHC, MCV, PL and PV) 

changes following combined training protocol 
(circuit training and basketball specific- skills 
practice). We found a significant increase in the 
number of white blood cells at 24 hours of 
recovery time (figure–2). May different 
mechanisms explained the changes pattern of 
white blood cells following exercise. 
Leukocytosis phenomenon is one of the most 

considerable changes in the circulatory system 
after intense and moderate exercise. This 
situation was maintained at high level for a long 
period of time after the workout(25, 26). It 
seems that leukocytosis levels are associated 
directly with the intensity and duration of 
exercise and it has inverse relationship with the 

physical fitness levels(27). On the other hand, 
these increases were attributed to hormonal 
changes, particularly the activation of the 
hypothalamic-pituitary axis and corticosteroids 
hormones in response to exercise, immune cells 
distribution, increased blood flow, 

inflammatory response to tissue injuries(5, 28). 
The results of present study were in line with, 
Field, Ronsen, Niemann, Karakok and Gleeson 
findings (9, 13, 14, 19, 29). In contrast, Duca et 
al, weren't reported, significant changes in the 
number of WBC after 48h recovery(30). As 

well as, the mean changes in plasma volume of 
basketball players was not significant in the 
three period of before and two recovery times. 
These findings indicated that the volume of 
blood plasma concentrations remained 
Constancy after combined exercise program. It 
is possible that several factors such as adequate 

fluid replacement and physiological adaptations 
in response to exercise (based on intensity and 
duration of training) may prove the unchanged 
levels of plasma volume along with exercise. 
The platelet counts were significantly increased 
in line with the results of Karakok after 
combined exercise. Because it seems that the 
platelets level of blood increased under the 

circumstance of exercise, physiological arousal 
and sympathetic nervous system activity (17, 
19, 31). Similar findings have been observed 
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among professional cyclists during races and 
during maximal isometric exercise(32, 33). 

Also this is probably due to release fresh 
platelets from spleen (stored one-third of body 
platelets), bone marrow and lungs in response 

to epinephrine stimulation. The other effective 
mechanism that stimulates blood clotting 
system potentially by platelet in response to 
tiny tissue damage is intensity of training(34). 
In line with this study, Moore et al, weren't 
reported significant differences in levels of 
MCH, MCHC and MCV after exhaustive 

exercise training(35). In addition Gaeini, Wu 
weren't observed dramatic changes in 
hematologic parameters (MCH, MCHC, RBC 
and MCV) after exercise(3, 6). These 
unchanged of hematological factors can 
conclude due to physiological adaptations that 
occur with exercise while fall in RBC count 

could be attributed to either intravascular 
hemolysis from mechanical trauma, 
osmotic/oxidative damage to erythrocytes or 
gastrointestinal bleeding(3, 6, 36). Other 
findings of this study reveal that the number of 
red blood cells, hemoglobin and hematocrit 
levels of basketball players have declined after 
combined training. 

Yalcın and their colleagues, demonstrated 
reduced and destructed of red blood cells 
immediately after a session of intense 
activity(37). Strenuous exercise causes structural 
changes/damages to the RBC membrane 
resulting in the preferential hemolysis of older 
RBCs. The proportionately greater number of 

young and more deformable RBC’s in the 
circulation may be reflected as increased 
MCV(36). Also, in study of Boyali et al, the 
hematocrit and RBC changes were not 
significant after a session of the taekwondo 
competition(38). In addition, Atan and Alacam 
were indicated significant increase changes after 

acute aerobic an anaerobic exercise(7). 
According to numerous studies, these changes of 
hematological factors may cause: reduced 
oxygen delivery to the target tissues and 
expulsion rate of CO2 from activated muscles, 
Lack and decreased of oxygen available to the 
recruited muscle, changed the energy 
metabolism dependent on anaerobic resources 

that ultimately leads to produce lactic acid, rapid 
depletion of energy reserves, fatigue and 

impaired entire athletic performance(39, 40). 
According to findings of several studies; 
hemoglobin and hematocrit levels decreased in 
peripheral blood flow and blood cells damaged 
following intense exercise that companied with 

increased lactic acid and Red cell membrane 
deformity seen post (strenuous) exercise might 
be due to oxidative stress leading to hemolysis – 
thus increasing Hemopoiesis (more young 
erythrocytes in the circulation) to meet the 
demand for oxygen transport(41, 42). 
Interestingly, in this study associated with 

decreased levels of red blood cells and 
hematocrit, the mean changes of maximum 
oxygen consumption were observed 
significantly. It seems that different 
physiological mechanisms may contribute to 
improved cardiopulmonary endurance (cellular 
adaptations, sport economy, reduce perception of 

fatigue, increased lactate threshold and 
availability of substrates). 

According to the results of this and other 
studies; decreased of red blood cells , increased 
clotting factors and immune cells levels 
following combined training, it concluded that 
all of these factors are effective in the exchange 
of respiratory gases, oxygen supply to active 

muscles, energy metabolism, recovery rate, 
athletic performance, body health and 
adaptation processes. Some athletes face to time 
constraints between the activities for 
psychological recovery and return to the initial 
state before the next activity. In some sports 
such as wrestling, basketball and athletics track, 

athletics have to do heavy work on consecutive 
days or even in a day. And this issue has caused 
a lot of pressure on the body system(43). On the 
other hand, research's findings have shown that 
monitoring the hematological changes at 
regular intervals in specific preparation and 
competition phases can directly or indirectly 

considered as important indicators of athletes 
adaptation statue based on imposed stress 
trainings(44-46). The most common challenge 
for educators is to determine the type, intensity, 
frequency and duration of exercise 
appropriately. Therefore, from standpoints of 
hematologic considerations; despite the 
considerable role of combined training as valid 

and well-documented training method in 
preparing and promotion athletic performing, 
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this type of training in two stages (in the 
morning and evening) imposed excessive 
training stress(metabolic and mechanical) on 
athletes organisms. As a result; maintaining 
proper balance between intensive exercise and 

recovery, periodization of training and 
monitoring biochemical markers; appears to be 
vitally important in view of such a considerable 
training load. Too heavy an exercise load and 
too short a recovery period can lead to the 
accumulation of unfavorable training outcomes 
(increased risk of over training and decreased 

athletic performance).   
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