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ABSTRACT 

The current research aims to study the relative indicators and predictive 
ability of some biological variables for the cardiac neural activity of volleyball 
players. The researchers used the descriptive approach as it is suitable for 
these research objectives. The researchers used the descriptive approach as it 
is suitable for these research objectives. Results indicated that:  
• There are positive correlations between biological variables and Heart Rate 
Variability for the following variables: VC max – PEF – VC – EV – IV – HR max 
– CO2 max. These variables are considered as indicators for evaluating the 
functional training status of volleyball players.  
• Relative contribution of biological variables was between (31.40%) as the 
least value fir VC max and (97.25%) as the highest value for the following nine 
variables: VC max + PEF + VC + EV + IV + HR max + VO2 max + CO2 max. these 
variables contribute collectively in HRV for volleyball players.  
• Cumulative Power predicative equation came as follows: HRV = 21.213 + 
(20.217 x VC max) + (10.652 x PEF) + 22.848 x VC) + (4.349 x EV) + (406.199 x 
IV) + (227.298 x IC) + (3.650 x HR max) + (762.457 x VO2 max) + (142.634 x 
CO2 max). 
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INTRODUCTION 
Regular involvement in physical activity induces several 
positive physical and physiological changes. These exercise-
induced positive changes are called adaptations where 
regular physical exercise forces different body systems to 
adapt to changes. This makes the individual more fit than 
before. Sports training researchers agreed that it is 
necessary to identify tools for assessing the effects of sports 
training loads on the training process that aims to improve 
competitive performance. This is useful for designing 
training programs suitable for improving physical fitness 
and achieving physiological adaptation(1). 
Volleyball is a competitive sport that requires aerobic 
physical fitness supported with flexibility and muscular 
power. High levels of aerobic physical fitness are very 
important for improving performance. It is practiced when 
the player contacts the ball and participates with other 
teammates. Volleyball improves cardiac fitness variables 
related to health(2, 3). The functional status of internal body 
systems and the efficiency of the cardio-respiratory system 
are major components for life and physical fitness that 
contribute greatly to judging the individual's general 
efficiency. Cardiorespiratory Fitness (CRF) reflects the 
ability of lungs, heart, muscles, blood, and other body organs 
and systems to transfer and use O2 through aerobic 
metabolic paths and therefore identify the physical level(4-6). 
Regular training improves respiratory and functional fitness 
although improvement level depends on training intensity 
and performance duration for each training session in 
addition to total training duration. The respiratory system 
has several functions including a gas exchange between the 

blood and surrounding atmosphere and regulating blood 
pressure and body temperature. Heart Rate Variability 
(HRV) is important in sport and training as it refers to 
evaluating autonomous neurological changes accompanying 
short-term and long-term exercise in all competitive 
sports(7). HRV can be used to identify overtraining. Regular 
aerobic exercise improves HRV variability. Therefore, using 
HRV can help to organize training loads as it identifies the 
relationship between physical training and suitability of its 
intensity. This can detect the improvements in physical 
fitness during and after training and at rest (8-10).  
To measure cardio-respiratory fitness, we use maximum 
oxygen consumption (VO2 max), usually expressed as O2 
per liter in one minute for each kilogram of body weight 
(11)VO2 max is widely used in sports training physiology. It 
is repeatedly used to express the cardio-respiratory fitness 
of individuals as it expresses body consumption of oxygen 
during training(10, 12). Evaluating cardio-respiratory fitness 
through using VO2 max, the minimum velocity for reaching 
VO2 max (vVo2 max), the velocity of blood lactate 
accumulation (VOBLA), the ability for repetitive 
performance and other blood measurements help 
identifying biological changes induced by physical activity 
and body ability for recovery after training or competition 
loads(4, 10, 13, 14). Cardio-respiratory fitness (CRF) can be 
measured by oxygen consumption during maximum 
exercises (VO2 max) and pulmonary volume. Nevertheless, 
VO2 max tests are affected by multiple limitations that 
require retesting heart rate during effort like running or 
riding a bike and under specific performance conditions. 
CRF is a distinctive tool for physical fitness as it 
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distinguishes players who are more affected by training 
loads with better heart rates (14, 15).  Burke, Meyer (16); 
Stodden, Gao (17); Kantomaa, Stamatakis (18); Barrick, 
Parks (19)  indicated that improving CRF reflects 
positively on maintaining a healthy body, cardio-vascular 
fitness, respiratory system, correcting some incorrect motor 
habits, providing the individual with good coordinated 
posture and increasing the immune response. Cardio-
respiratory fitness is considered as the base upon which we 
can establish motor performance for prolonged periods. It 
affects improvements in performance levels as acquiring 
CRF is a basic objective for sports training programs because 
it is consistent with the principle of continuous training for 
improving training conditions and variable motor power 
while directing the ball both in defense and attack. This 
variable motor power is greater during game rounds 
intercepted by shorter periods of rest that are not sufficient 
for a full recovery. To continue this type of effort effectively 
and efficiently, the player should be abler to sustain a high 
level of CRF that enables him/her to adapt to changing 
conditions of the match. Teams with better physical fitness 
compared to their counterparts can change defeat into 
victory during game rounds. Due to the significance of 
cardio-respiratory fitness that indicates the ability of the 
heart and the circulatory system to pump and transfer the 
maximum amount of oxygenated blood to working muscles 
to where oxygen is extracted and energy is generated, the 
researchers noticed that this topic was not sufficiently 

studied in Arabic research works concerning volleyball. 
Therefore, the researchers tried to explain the relationship 
between variations of cardiac neural activity and some 
biological variables related to cardiorespiratory fitness in 
volleyball players. 
 
AIM 
The current research aims to study the relative indicators 
and predicative ability of some biological variables for 
cardiac neural activity of volleyball players.  
 
RESEARCH QUESTIONS 

• What are the relative contributions of some 
biological variables in cardiac neural activity of volleyball 
players?  

• What is the predicative ability of some biological 
variables for cardiac neural activity of volleyball players? 
 
MATERIALS AND METHODS 
Approach:  
The researchers used the descriptive approach as it is 
suitable for this research objectives. 
Participants:  
The researchers purposefully recruited (30) volleyball 
players, who are registered in the Egyptian Federation of 

Volleyball, as a sample for this research. 

 

Table 1: Participants Equivalence on Growth Factors for Homogeneity (n=30) 
 

S Variables  Measurements  Mean  Median  SD Kurtosis  Squewness  

1 Age  Month/Year  19.630 19.500 1.768 0.621 0.373 

2 Height  Cm  182.000 181.500 7.172 1.326 0.209 

3 Weight  Kg  74.680 75.000 9.934 0.897 -0.097 

4 Experience  Month/Year  5.460 6.500 0.778 0.924 -0.668 

Standard Error for Squewness = 0.427              Squewness Limit on 0.05 = 0.837 

Table (1) showed mean, median, SD, squewness and kurtosis 
for all participants on growth factors. Squewness values were 
between (±3) indicating normality of data and homogeneity 
of participants as data is free of radical distributions.  
Data Collection Tools 
For this research, the researchers used the following tools and 
measurements:  
A Restameter (for measuring heights)  
An electronic balance (for measuring weights)  
ECG Monitor [Varia Cardio TF4 (MIE)] 
Electronic spirometer (for lung function)  
For vital functions, the researchers used [Oxycon Pro JAEGER 
(GER)] device attached to a treadmill (LE 200 CE) and 
connected to an operating system.  
For Heart Rate Variability Tests (HRV), after attaching the 
measuring unit to the chest belt, the player lays down on 
his/her back for (5) minutes, stands up for (5) minutes and 
then lays back again for (5) minutes. This is a simple test 
recently used in the medical field for predicting heart diseases 
in advance. In the sports field, it is used for predicting cardio-
respiratory fitness, the training type effect and the 
sympathetic/para-sympathetic effects. On ECG, the peak 
shows the stability curve while heart rate appears at the end 
of the screen.  

Heart Rate Variability Variables 
Cardiac neural system cumulative power (Cumulative Power).  
Total power of high and low frequencies (Total Power).  
The time elapsed between two successive R-waves of the QRS 
signal on the electrocardiogram (R-R) 
Cardiovascular recovery room (CVr-r)  
Mitral Valve Test (MV) 
Adjacent Normal R-R intervals (MSSD) 
Biological Variables:  
Vital Capacity (VC)  
Expiratory Reserve Volume (ERV)  
Inspiratory Reserve Volume (IRV)  
Lung Total Volume (TV)  
Inhale Capacity (IC) 
Full Vital Capacity (FVC)  
Peak Exhale Flow (PEF)  
Peak Inhale Flow (PIF) 
Pulse Rate (rest – anaerobic – max)  
Oxygen pulse (rest – anaerobic – max) 
Oxygen consumption (VO2) (rest – anaerobic – max) 
CO2 Production (rest – anaerobic – max) 
Pulmonary Ventilation (VE) (rest – anaerobic – max) 
Research Measurements  

https://www.sciencedirect.com/topics/medicine-and-dentistry/r-wave
https://www.sciencedirect.com/topics/medicine-and-dentistry/electrocardiogram
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After receiving signed consents from all participants, and after 
fulfilling all administrative and scientific requirements the 
researchers took the research measurements and tabulated 
data for statistical treatment. All of the steps get ethics 
approval from the hospital of Suez Canal university committee 
before starting this study 
Statistical treatments 

The researchers used SPSS (V 16) for generating: Mean – 
Median – SD – Kurtosis – Squewness – F test – Relative 
Contribution (%) – Pearson's correlation coefficient – 
Stepwise Regression – Graphs  
 

RESULTS 

Table 2: Simple Correlation Matrix for Biological Variables with Cumulative Power (n=30) 
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R table Value on 0.05 = 0.361 

Table (2) showed the simple correlation matrix of biological variables on the cumulative power. R calculated values ranged 

from (0.01) to (0.84)  

Table 3: Stepwise Regression for Biological Variables on Cumulative Power (n=30) 

Indicators 
Standard 

Error 
Constant F Stepwise Regression 

Relative 

Contribution 

(%) 

FVC 3.529 3.959 268.932 41.642         31.40 

FVC + PEF 3.921 6.297 343.431 39.895 17.331        45.20 

FVC + PEF + 

VC 
2.785 7.126 200.004 34.893 16.734 28.736       56.10 

FVC + PEF + 

VC + EV 
1.976 11.322 296.021 30.896 15.882 27.047 8.423      65.20 

FVC + PEF + 

VC + EV + IV 
2.313 13.131 321.615 27.467 14.128 26.813 7.266 573.118     72.80 

FVC + PEF + 

VC + EV + IV + 

IC 

2.093 15.404 378.216 25.364 13.967 25.344 6.531 539.545 334.152    79.70 

FVC + PEF + 

VC + EV + IV + 

IC + HR max 

3.642 16.294 389.970 23.567 13.158 24.479 6.327 486.423 298.637 3.997   86.50 

FVC + PEF + 

VC + EV + IV + 

IC + HR max + 

VO2 max 

4.514 17.237 426.214 21.153 11.786 23.078 5.712 437.358 265.235 3.811 782.626  92.40 
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FVC + PEF + 

VC + EV + IV + 

IC + HR max + 

VO2 max + CO2 

max 

4.677 21.213 462.056 20.217 10.652 22.848 4.349 406.199 277.298 3.650 762.457 142.634 97.25 

Table (3) showed stepwise regression and R2 adjusted in nine cases for contributing indicators (biological variables) on 

cumulative power.  

 
 
 

 
 

 
 

 

 

 

 

Fig 1: Stepwise Regression for all research variables 

 
DISCUSSION 
Table (2) showed the statistical significance of correlations 
between the biological variables and cumulative power on 
0.05. R table value (0.361) was less than its calculated values 
ranging from (0.01) to (0.84). this indicates a positive 
relation between cumulative power and the following 
variables: maximum vital capacity (VC max) (0.84) – Peak 
expiratory flow (PEF) (0.79) – vital capacity (VC) (0.75) – 
inhale volume (IV) (0.73) – exhale volume (EV) (0.74) – 
inhale capacity (IC) (0.71) – maximum heart rate (HR max) 
(0.68) – maximum oxygen consumption (VO2 max) (0.65) – 
maximum CO2 production (CO2 max) (0.64). also, 
cumulative power didn't show any significant correlations 
with the rest of the biological variables under investigation. 
This means that heart rate variability (HRV) correlates with 
nine physiological variables as a result of sports training as 
it affects maximum vital capacity (VC max), Peak expiratory 
flow (PEF), vital capacity (VC),  inhale volume (IV), exhale 
volume (EV), inhale capacity (IC), maximum heart rate (HR 
max), maximum oxygen consumption (VO2 max) and 
maximum CO2 production (CO2 max). Some studies 
indicated some biological effects for cardio-respiratory 
fitness on heart rate variability as HRV is closely related to 
the VO2 max and ventilation threshold(4, 20, 21). Other 
researchers indicated that PIF and PEF are indicators for a 
pulmonary function that can identify any obstructions in the 
bronchioles in athletes. Therefore, it is a measurement for 
the health of the lungs and airways(10, 22). 
Table (3) showed stepwise regression of some biological 
variables on HRV for volleyball players that contributed 
most in HRV. In nine steps, the first step identified VC max 
(31.40%) as the least value while the ninth step identified 
nine variables (FVC + PEF + VC + EV + IV + IC + HR max + 
VO2 max + CO2 max) (97.25%) as the highest value.  

The researchers think that the values of biological markers 
for all participants are above normal and this indicates the 
improved pulmonary function as this improvement is a 
positive side for providing the body with sufficient oxygen 
to produce energy via the respiratory system. The 
contribution of high VC max in HRV is the result of its 
physiological work. This is considered an indicator of lung 
health. Also, the cardiac system and the respiratory system 
are closely connected and affect each other. Well-designed 
sports training programs decrease heart rate and 
respiratory rate, and this improves the cardio-respiratory 
function. This may be due to the excessive activity of the 
parasympathetic system that inhibits heart rate and 
respiratory rate to the increased cardio-respiratory 
functional volumes(4, 14, 23, 24).  
Regular aerobic exercises improve HRV. The results of this 
study indicated that HR at rest and after effort reflects the 
increased activity of nerves in a change in favor of the 
parasympathetic system that inhibits HRV. Therefore, 
regular exercise for at least three months is very important 
to induce these effects that are positively reflected on 
biological reactions to training loads (9, 13, 14). 
The integration of different systems like the cardio-
respiratory system and neuromuscular system is very 
important for providing active tissues with oxygen and 
eliminating CO2 and heat during training as this increases 
oxygen extraction in working muscles. This also increases 
ventilation that provides the body with extra oxygen. Also, it 
increases blood flow from 5.5 l/min to 20-30 l/min and 
increases total oxygen volume from 250 ml/min at rest to 
4000 ml/min. CO2 elimination also increases from 200 ml/ 
min to nearly 8000 ml/min(4, 10, 25, 26). 
Previous studies indicated that HRV changes during and 
after exercise. It can be used to identify the effect of training 
load on the body and physiological level after exercise. 
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Changes in HRV are good indicators for guiding training 
management, training loads and volumes, and changes 
parasympathetic system *ANS) (27). HRV data provides 
sports training specialists with relevant information about 
post-exercise recovery and the effects of training loads on 
recovery (28). VO2 max shows oxygen consumption through 
physical loads during exercise. Therefore, it is repeatedly 
used to show cardio-respiratory fitness (12, 13, 29). 
Figure (1) showed that most points are either on or near the 
line. This indicates the normal distribution of standard 
residuals for regression of biological parameters on HRV. 
Stepwise regression for the nine models indicated a positive 
correlation as there is a linear correlation between 
biological variables and cumulative power. Independent 
variables had positive effects. The stepwise regression 
equation shows the value of B factor and F value in addition 
to the constant. 
HRV at rest and after effort provide accurate evaluation for 
cardio-respiratory adaptation to training(30). Well-designed 
training programs decrease HR/min and the reason behind 
this improvement is the increased activity of the 
parasympathetic system that decreases HR at rest and 
improves HRV, leading to work economy(13, 23). Cardio-
respiratory fitness expresses harmony in the functional 
work of the cardiovascular system, the respiratory system, 
joint flexibility, and musculoskeletal fitness. All these 
components provide a high degree of functional work 
harmony for all body systems and this fulfills the integrated 
framework of mental and functional health of the individual 
(17, 31, 32). 
Results also indicated that the mean vital capacity was 
higher than normal. For the volume of gas in one 
inspiratory/expiratory cycle (TV), values were between 
400-600 ml. this is a physiological advantage for 
participants (33). Heart rate is the result of pushing blood 
from the aorta, stimulating a wave of pressure over the 
artery walls that dilate the artery. Each push is a beat. The 
duration of the cardiac cycle is affected by the change in 
heartbeats. In the case of 75 BPM, the cardiac cycle duration 
is 0.8 sec. With the increase to 200 BPM, the cardiac cycles 
become 0.3 sec. In turn, systolic/diastolic activity decreases. 
This means that push volume becomes heavier with the 
increase of HR(25, 34). 
The researchers think that increased oxygen consumption 
and CO2 production is consistent with the increased effort 
and energy production. HR is significantly correlated with 
energy storage and energy production. Increases in body 
volume and body weight also increase VO2 max (10, 35). 
Accordingly, the researchers concluded the relative 
contribution and HRV predictive equation (Cumulative 
power) concerning cardio-respiratory fitness variables in 
volleyball players. 
 
CONCLUSION 
According to this research aim, methods, and results, the 
researchers concluded the following:  
1. There are positive correlations between biological 
variables and Heart Rate Variability for the following 
variables: VC max – PEF – VC – EV – IV – HR max – CO2 max. 
These variables are considered as indicators for evaluating 
the functional training status of volleyball players.  
2. Relative contribution of biological variables was 
between (31.40%) as the least value fir VC max and 
(97.25%) as the highest value for the following nine 
variables: VC max + PEF + VC + EV + IV + HR max + VO2 max 

+ CO2 max. these variables contribute collectively in HRV for 
volleyball players.  
3. Cumulative Power predicative equation came as 
follows: HRV = 21.213 + (20.217 x VC max) + (10.652 x PEF) 
+ 22.848 x VC) + (4.349 x EV) + (406.199 x IV) + (227.298 x 
IC) + (3.650 x HR max) + (762.457 x VO2 max) + (142.634 x 
CO2 max). 
 
 
RECOMMENDATIONS 
 According to these conclusions, the researchers 
recommend the following:  
• Using the biological variables that are closely related to 
HRV like: VC max - PEF - VC - EV - IV - HR max - VO2 max - 
CO2 max, to evaluate cardio-respiratory fitness of volleyball 
players. 
• Using the concluded predicative equation to identify 
the cardio-respiratory fitness levels for volleyball teams.  
• Improving cardio-respiratory fitness depending on the 
type and method of training to improve cardio-respiratory 
endurance.  
• Studying biological changes and functional responses 
in volleyball through modern laboratory and field 
measurements.   
• Identifying biological changes and functional 
responses that contribute most in fulfilling volleyball 
training objectives to design and control training loads.  
 
FUNDING  
This research received no external funding 
 
CONFLICT OF INTEREST 
The authors declare no conflict of interest.  
 
REFERENCES 
 
1. Kaikkonen P, Hynynen E, Mann T, Rusko H, Nummela A. 

Heart rate variability is related to training load 
variables in interval running exercises. Eur. J. Appl. 
Physiol. 2012;112(3):829-38. 

2. Gageler HW, Wearing S, James AD. Automatic jump 
detection method for athlete monitoring and 
performance in volleyball. International Journal of 
Performance Analysis in Sport. 2015;15(1):284-96. 

3. Mohammed MHH. Effect of a volleyball course on 
health-related fitness components of university 
students. Sport Mont. 2018;16(1):41-3. 

4. Kellmann M. Preventing overtraining in athletes in 
high‐intensity sports and stress/recovery monitoring. 
Scand. J. Med. Sci. Sports. 2010; 20:95-102. 

5. Foss ML, Keteyian SJ. Fox's physiological basis for 
exercise and sport: William C. Brown; 1998. 

6. Shalaby M, Sakoury M, Rabei M, Alzayani A. Covid-19 
Pandemic Era. Aegaeum. 2020 06/22; 8:1083-93. 

7. Sakoury MMA, Shalaby MN, Elmaghraby AM, Omar IM, 
Tahoun MMA. The effectiveness of a water sports 
program on the level of poly unsaturated fatty acids and 
the severity of the disease in children with Autism 
spectrum disorder. Med. Sci. 2020;24(101):143-64. 

8. Buchheit M, Millet GP, Parisy A, Pourchez S, Laursen PB, 
Ahmaidi S. Supramaximal training and postexercise 
parasympathetic reactivation in adolescents. Med. Sci. 
Sports Exerc. 2008;40(2):362-71. 

9. Hottenrott K, Hoos O, Esperer HD. Heart rate variability 
and physical exercise. Current status. Herz. 
2006;31(6):544-52. 



Shalaby et al. /Relative Indicators and Predicative Ability of Some Biological Variables on Cardiac Neural Activity 

for Volleyball Players 

 

840                                       Systematic Reviews in Pharmacy          Vol 11, Issue 9, Sep-Oct 2020 

10. Garatachea N, García-López D, José Cuevas M, et al. 
Biological and psychological monitoring of training 
status during an entire season in top kayakers. Journal 
of sports medicine and physical fitness. 
2011;51(2):339. 

11. Moore KL, Dalley A, Agur A. Clinically Oriented 
Anatomy. Walters Kluwer. 6th edition. ed: Lippincott 
Williams & Wilkins, Philadelphia; 2013. 

12. Bassett DR, Howley ET. Limiting factors for maximum 
oxygen uptake and determinants of endurance 
performance. Med. Sci. Sports Exerc. 2000;32(1):70-84. 

13. Campos E, Bastos F, Papoti M, Freitas I, Gobatto C, 
Balikian P. The effects of physical fitness and body 
composition on oxygen consumption and heart rate 
recovery after high-intensity exercise. Int. J. Sports Med. 
2012;33(08):621-6. 

14. Roberts JD, Tarpey MD, Kass LS, Roberts MG. An 
investigative study into the influence of a commercially 
available carbohydrate-protein-electrolyte beverage on 
short term repeated exercise performance. Journal of 
the International Society of Sports Nutrition. 
2012;9(1):5. 

15. Plasqui G, Westerterp KR. Accelerometry and heart rate 
as a measure of physical fitness: cross-validation. Med. 
Sci. Sports Exerc. 2006;38(8):1510-4. 

16. Burke RM, Meyer A, Kay C, Allensworth D, Gazmararian 
JA. A holistic school-based intervention for improving 
health-related knowledge, body composition, and 
fitness in elementary school students: an evaluation of 
the HealthMPowers program. International Journal of 
Behavioral Nutrition and Physical Activity. 
2014;11(1):1-12. 

17. Stodden DF, Gao Z, Goodway JD, Langendorfer SJ. 
Dynamic relationships between motor skill competence 
and health-related fitness in youth. Pediatr. Exerc. Sci. 
2014;26(3):231-41. 

18. Kantomaa MT, Stamatakis E, Kankaanpää A, et al. 
Physical activity and obesity mediate the association 
between childhood motor function and adolescents’ 
academic achievement. Proceedings of the National 
Academy of Sciences. 2013;110(5):1917-22. 

19. Barrick MR, Parks L, Mount MK. Self‐monitoring as a 
moderator of the relationships between personality 
traits and performance. Pers. Psychol. 2005;58(3):745-
67. 

20. Perini R, Tironi A, Cautero M, Di Nino A, Tam E, Capelli 
C. Seasonal training and heart rate and blood pressure 
variabilities in young swimmers. Eur. J. Appl. Physiol. 
2006;97(4):395-403. 

21. Shalaby MN, Saad MM. Advanced Material Engineering 
and Nanotechnology for Improving Sports Performance 
and Equipment. International Journal of Psychosocial 
Rehabilitation. 2020;24(10). 

22. Aagaard P, Bangsbo J. The muscular system: design, 
function and performance relationships.  Acms' S 
Advanced Exercise Physiology: Lippincot, Williams; 
2005. p. 144-60. 

23. Kamath M, Fallen E, Mckelvie R. Effects of steady state 
exercise on the power spectrum of heart rate 
variability. Med. Sci. Sports Exerc. 1991;23(4):428-34. 

24. Shalaby MN. The Effect of Whey Protein (Natural 
Nanoparticle) on Muscle Strength, GH, IGF, T. Protein 
and body composition. International Journal of 
Pharmaceutical Research & Allied Sciences. 2018;7(1). 

25. Ganong WF. Review of medical physiology: Mcgraw-
hill; 1995. 

26. Shalaby MN. The Determinants of Leadership: Genetic, 
Hormonal, Personality Traits Among Sport 
Administrators. International Journal of 
Pharmaceutical and Phytopharmacological Research. 
2017;7(5):9-14. 

27. Achten J, Jeukendrup AE. Heart rate monitoring: 
applications and limitations. Sports Med. 
2003;33(7):517-38. 

28. Makivic B, Nikić MD, Willis M. Heart Rate Variability 
(HRV) as a Tool for Diagnostic and Monitoring 
Performance in Sport and Physical Activities. J. Exerc. 
Physiol. Online. 2013 01/01; 16:103-31. 

29. Shalaby MN, Sakoury MMA. Effect of different exercise 
intensities on CD34+ stem cells and physiological 
variables parameters. Life Sci J. 2017;14(1):104-10. 

30. Carter J, Banister E, Blaber A. The effect of age and 
gender on heart rate variability after endurance 
training. Med. Sci. Sports Exerc. 2003;35(8):1333-40. 

31. Shalaby MN, Liu JY, Kassem MM, Saad M. Circulating 
Hematopoietic Stem Cell and Some Physiological 
Parameters in Different Training Programs. Life Science 
Journal. 2012;9(1):965-71. 

32. Shalaby MN, Saad M, Akar S, Reda MAA, Shalgham A. 
The Role of Aerobic and Anaerobic Training Programs 
on CD34+ Stem Cells and Chosen Physiological 
Variables. Journal of Human Kinetics. 2012;35(1):69-
79. 

33. Guyton AC, Hall JE. Medical physiology; 2006. 
34. Shalaby MN, Alghamdi A, Sakoury M, Al-Dossary R, 

Alzayani A. The effects of Exercise Program and Dietary 
Supplement on the Efficiency of the Dynamic System in 
Old Females. Wulfenia. 2020 06/11; 27:11-26. 

35. Buresh R, Berg K, Noble J. Heat production and storage 
are positively correlated with measures of body 
size/composition and heart rate drift during vigorous 
running. Res. Q. Exerc. Sport. 2005;76(3):267-74. 

 


