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Abstract. Background: High-intensity interval trainings (HIIT) can result in the best improvement of body fitness 
among athletes in the shortest possible time. The impact of HIIT on bioenergetic factors of futsal players has not 
been studied extensively. The objective of the present study was to investigate the effect of 3-week HIIT on body 
composition indices, maximum aerobic power, and maximum anaerobic power, anaerobic power among boys - 
futsal players. Material: 30 boys - futsal players (mean± SD age, 13.49±1.03 years; BMI, 20.95±1.78 kg/m2) 
participated in the study voluntarily. They were randomly assigned to experimental (n=15) and control (n=15) 
groups. HIIT lasted for three weeks, three sessions a week for 12-36 minutes on treadmill. Weight, body mass 
index (BMI), waist to hip ratio (WHR), thickness of body fat, maximal aerobic power, and maximum anaerobic 
power were recorded before intervention and 48 hours after the final training session. Aerobic power was measured 
with 20-m shuttle run, and maximum anaerobic power was measured with RAST test. Paired sample t-test was 
used to determine pretest-posttest differences, and independent t-test was used to determine between-group 
differences. The significance level was set to P < 0.05. Results: Significant differences were found in weight, BMI, 
thickness of body fat, maximum aerobic power and maximum anaerobic power in experimental group (P = 0.001) 
before and after training intervention, but the change in WHR was not significant (P < 0.05). No significant 
differences were observed in selected body composition between experimental and control groups, but they 
exhibited significant differences in maximum aerobic power and maximum anaerobic power (P = 0.001). 
Conclusion: According to the results, HIIT can be an effective training program for improving the performance of 
bioenergetic indices of futsal players. Also, it is recommended to study the effect of similar trainings with longer 
durations on other indices in other sports in future studies. 
Keywords: HIIT, VO2max, Maximum anaerobic power.  

 
Introduction1  

Most sports need performance of short-time, quick activities with the maximum power efficiency. So, 
coaches and sport specialists have been always seeking new trainings to improve athletes’ aerobic and anaerobic 
power in the shortest possible time [1]. High-intensity interval trainings (HIIT) are new interval methods interested 
by athletes, coaches, and researchers in recent years. Though there is no comprehensive definition of HIIT, it 
generally refers to repetitions of short-time interval exercises with full intensity or intensities close to what results 
in maximal oxygen uptake. Depending on training intensity, an HIIT effort may last for several seconds to several 
minutes in which the intervals are separated with a cool-down period of a few minutes or low-intensity activity 
[2]. 

Futsal is a high-intensity athletic activity. The fact that professional futsal players should perform repeated, 
rapid activities in smaller field with shorter rest than soccer players shows that aerobic and anaerobic power are 
necessary in futsal [3]. 

 Maximum aerobic power (VO2max) is a common way to measure aerobic performance. It shows the 
maximum possible oxygen that human body can intake in one minute, and it is closely related to body endurance 
and aerobic activity and depends on the performance of skeleton, muscular, and cardiovascular systems [4]. In 
addition, maximum anaerobic power (pmax) is the ability of all muscles to produce more force with high speed in 
sprint activities for a very short time [5]. Given the strong correlation of health with fat level, the evaluation of 
body composition (especially body fat percent) is an important component of physical fitness [6]. 

 Doğramacı et al. (2006) estimated that futsal players reached 75% of maximum heart rate and 90% of 
maximum oxygen intake in high-intensity, competitive games [7]. Many studies have specified HIIT advantages 
as improving athletic capacity and the factors related to endurance performance including muscle oxidative 
capacity and VO2max [8, 9, 10, 11]. In addition to improving aerobic power due to the rest periods between 
activities, these trainings increase speed or the ability of maintaining speed in long-time intervals [12]. Also, post-
HIIT adaptations show that these adaptations improve skeleton muscle glycogen at rest and maximize glycolytic 
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and oxidative enzymes, and also, it is reported that maximum oxygen intake does not change after HIIT programs 
[13]. 

 There are disagreements about the impact of HIIT training on body composition and bioenergy level, so 
that whilst some studies report the reduction of body composition such as weight, BMI, fat percent, and waist 
circumference [14, 15], others report no significant improvement [11, 16]. On the other hand, significant 
improvements are reported in aerobic and anaerobic power by some studies [9, 10, 11], whereas others did not 
observe any influences [16, 17]. High-quality, low-volume trainings are, in essence, used to find a training program 
with the appropriate intensity, duration, and repetition which can result in rapid and concurrent improvement of 
aerobic and anaerobic power. Therefore, since few studies have been reported on the effect of HIIT training on the 
improvement of aerobic and anaerobic performance among futsal players [18, 19] and yet they have yielded 
inconsistent results, and given the possible usefulness of HIIT training and the importance of bioenergetic indices 
in futsal, the present study was aimed at examining the effect of HIIT training on body composition and 
bioenergetic indices. 

Material and Methods 

Participants 

 Thirty boys - futsal players (mean± SD age, 13.49±1.03 years; BMI, 20.95±1.78 kg/m2) playing in futsal 
club of Roodbar city in Guilan Province, Iran volunteered to participate in this study. They were randomly assigned 
to experimental (n = 15) and control (n = 15) groups. The conditions for participation were player’s consent, no 
illness record, and training experience of at least six months to two years, and the conditions for the exclusion of 
subjects included injury so severe that he could not keep training, and absence for two consecutive or three non-
consecutive sessions.  

The research was approved by Human Studies Review Committee at Islamic Azad University, Rasht 
Research Design. 

One week before the fulfillment of the protocol, the volunteers were briefed to get familiarized with high-
intensity interval training. The day after getting their consent, their height, weight, thickness of body fat, BMI, 
WHR, VO2max, and Pmax were measured. The tests were administered one week before and 48 hours after the last 
training session. The height was measured with a ruler with the precision of 1 mm. The subjects were weighed 
with a scale (made by Beurer Co., Germany) with the precision of 0.1 kg, in which they were asked to go on scale 
without shoes and with the least clothes. The height was recorded in centimeter and the weight in kilogram. The 
waist circumference was measured at the point midway between the lowest rib and the iliac crest in standing 
position. To measure thickness of body fat, the thickness of subcutaneous fat layer was measured with a caliper 
(SAEHAN, South Korea) on abdomen, chest and thigh [20]. Then, the recordings were used to estimate Total 
thickness of body fat by Jackson and Pollock’s formula. Body mass index (BMI) was measured in kg m-2 by 

BMI = weight (kg) / height (m)2 

To ensure the reliability and validity of the measurements, they were all carried out in a single day. 
Aerobic power was measured with 20-m shuttle run test and anaerobic power was measured with RAST test. In 
shuttle run test, the subjects were asked to run a 20-m course periodically with uniform increase in pace. The test 
was designed in 21 levels (each level with its own number of shuttles). The subjects departed from the start line 
covering the course between two consecutive obstacles to reach the next pace [21]. In RAST test, a 30-m course 
was selected with plenty of empty space in either side. The subjects were asked to warm up for at least seven 
minutes. At the outset, they were weighed. Then, they started running. They should rest for 10 seconds at the end 
of the course. Immediately afterwards, they should run back. The subjects should run the course six times with 
their highest speed [22]. 

Trainings protocol 

The trainings lasted for 10 sessions, three sessions a week. The subjects were completely trained one 
week before the research, and they run on a treadmill for one session as a test. The training sessions included 
warm-up (15 minutes), main training phase, and cool-down for experimental group. HIIT group warmed up in 
general and specific manner (including jogging, stretching, sit-up with medicine-ball, skipping rope, push-up, 
and workout with ball), and cool-down phase included jogging, resting, and stretching for recovery. In the main 
phase of the training, the subjects run on treadmill on the basis of VO2peak. Rest time was 1:3 and training 
duration was 12-18 minutes in the first week, 25 minutes in the second week, and 36 minutes in the third week.  
The trend of the trainings is presented in Table 1. 
Table1. High intensity interval training program 

Total Time  Speed 

Treadmill 

 Replete Activity 

Time 

Rest Time 

Second 
session 
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Second 

21 7 7.7 8 1 03 03 2 

28 7 7.7 8 0 03 03 2 

28 7 7.7 8 0 03 03 0 
17 8 8.7 0 0 57 207 5 
17 8 8.7 0 0 57 207 7 
17 8 8.7 0 0 57 207 6 
17 0 0.7 23 0 57 207 7 
17 0 0.7 23 0 57 207 8 
06 0 0.7 23 5 57 207 0 
06 0 0.7 23 5 57 207 23 

 
Statistical analysis 

Data were descriptively analyzed by mean, standard deviation. After Kolmogorov-Smirnov Test and given the 
normal distribution of data, paired sample t-test was used to determine pretest-posttest differences, and 
independent t-test was used to estimate between-group differences. All statistical analyses were carried out with 
SPSS (Ver. 22) Software Package. The significance level was set to less than 0.05. 
Results 

Table 2 presents some anthropometric descriptive of the subjects including age, height, weight, total thickness of 
body fat, BMI, and WHR (Table 2). 
Table2. Baseline characteristics of study participants ( mean± SD) 

Experimental Control variable 

mean± SD mean± SD  
2.28±20.56  2.36±20.70  Age (year) 

0.62±270.17  5.07±250.33  Height(m) 

5.35±57.87  0.36±57.86  Weight(kg) 

2.72±27.27  2.33±27.27  Thickness of body fat(mm) 

1.25±12.15  2.27±13.66  BMI(kg/m2 

3.32±3.86  3.31±3.87  WHR 

BMI: body mass index; WHR: waist to hip ratio  
 

As is evident in Table 3, HIIT significantly affected weight, BMI, and thickness of body fat of subjects in 
experimental group (P < 0.05). However, no effect was observed on WHR (P > 0.05). Control group showed 
significant change just in thickness of body fat between pre-test and post-test (P < 0.05) and other variables did 
not change significantly (P > 0.05). On the other hand, HIIT resulted in significant change in VO2max and Pmax of 
experimental group between pre-test and post-test (P < 0.05, Table 3). 
Table 3. Effects of HIIT training according paired t-tests (n=30)  

p t After Before Group  
3.1 2.26 1.87±57.71  0.36±57.86  Control Weight(kg) 

3.337* 0.1 0.06±57.76  5.5±57.87  Experimental  
3.1 2.2 2.22±13.63  2.27±13.66  Control BMI(kg/m2) 

3.337* 0.02 1.20±12.22  1.25±12.15  Experimental  
3.80 3.2 3.32±3.86  3.31±3.87  Control WHR 

3.8 3.2 3.33±3.86  3.3±3.86  Experimental  
3.333* 7.0 3.8±26.61  2.3±27.27  Control Thickness of body fat(mm) 
3.333* 7.5 2.08±25.61  2.72±27.27  Experimental  
3.5 3.7 7.23±52.27  7.30±52.32  Control Vo2max 

3.333* 23.28 7.00±57.05  5.85±51.03  Experimental  
3.337* 0.2 06.07±52.88  53.71±51.78  Control Pmax 

3.333* 25.20 77.32±75.02  57.87±57.27  Experimental  
p≤0.05 
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According to Table 4, there was no significant difference in BMI between control and experimental groups 
(P > 0.05). But, there was significant difference in VO2max and Pmax between control and experimental groups (P < 
0.05). In other words, HIIT improved VO2max and Pmax in experimental group as compared to control group. 
Table 4. In depended t-test between groups (n=30) 

p DF t Mean± 

Difference 

Group  

3.0 18 3.0-  3.58±3.25  Control Weight(kg) 
   3.05±3.10  Experimental  
3.0 18 3.0-  3.11±3.36  Control BMI(kg/m2) 
   3.25±3.21  Experimental  
3.1 18 2.30-  3.330±3.331-  Control WHR 
   3.1±3.37  Experimental  
3.7 18 3.0 3.07±3.75  Control Thickness of body fat(mm) 
   3.16±3.72  Experimental  
*3.332 18 7.5-  3.78±3.26  Control Vo2max (ml/kg/min) 
   1.25±7.65  Experimental  
*3.332 18 20.7-  23.65±8.73-  Control Pmax 
   28.31±67.76  Experimental  

p≤0.05 
 

Discussion 

It was revealed that three weeks of HIIT of boys could improve bioenergetic indices including aerobic and 
anaerobic power in both groups. Body composition including weight, BMI, and to measure thickness of body fat, 
the thickness of subcutaneous fat layer was measured with a caliper (SAEHAN, South Korea) on abdomen, chest 
and thigh showed reduction only in experimental group. 

There are inconsistencies in the results of studies about the effect of HIIT on body composition variations. 
Some studies show no change [27,28] whilst others report significant changes [14, 24, 11]. 

According to Trapp et al. (2008), 15-week HIIT intervention had more effect on body composition than 
steady-state exercise training [11]. Gremeaux et al. (2012) observed a significant improvement in body 
composition after a long period of HIIT, too [14]. The study was conducted on overweight people posed exposed 
to a long-time intervention (9 full months) including nutritional counseling, HIIT and resistance training. Post-
intervention results indicated significant decreases in all anthropometric indices expect muscle mass which showed 
no significant difference with baseline. They concluded that a combination of HIIT and resistance training with 
nutritional control can be an optimized way for maintaining muscle mass during fat loss. Another study revealed 
that two-week HIIT intervention resulted in significant loss of body composition and WHR [15]. However, it 
should be considered that the participants were obese, sedentary men, which may be a factor affecting the results 
of this study. Tremblay et al. (1994) found that long-time HIIT decreased subcutaneous significantly in both young 
men and women. They compared HIIT with steady-state exercise training and found that although total energy 
cost was lower (about half) in HIIT than in steady-state training, just HIIT changed body composition [23]. 

Trapp et al. (2008) examined normal-weight men and women and observed that 15-week HIIT 
intervention resulted in favorable changes in body composition. They compared interval training with steady-state 
training and control (no training). Total body mass and fat mass was significantly lower in HIIT group than in 
other two groups. They, also, stated that the trend of fat loss from legs was desirable in HIIT group. HIIT resulted 
in significant loss of central abdominal fat as compared to steady-state group. HIIT group showed significantly 
higher lean body mass. The changes in other lean tissues were not significant [11]. Also, shing et al. (2013) reported 
significant loss of body fat percentage after 4-week HIIT, whilst the subjects had good body shape. So, it is possible 
to have body composition change even after a short period of these trainings. They compared interval training with 
traditional resistance training and observed that interval training changed body composition significantly. Gender 
plays an important role in body composition so that the results of tests differ for men and women, so they should 
not be compared. The other aspects which should be considered in body composition studies include age and 
heritage because they both considerably influence body composition. For example, adipose tissue percentage 
depends on heritage and also, on exercise and nutrition [24]. 

Long-time exercise trainings usually impact body composition indices considerably. Most studies on HIIT 
show that the longer the exercise trainings are, the more effective they are on body composition indices. In fact, 
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the inconsistencies in the results of the studies are likely to be associated with the differences in training durations 
and subjects. In the present study, since a short-time (3-week) HIIT intervention was administered, it did not 
significantly affect body composition indices [11, 23]. 

A significant difference was found in VO2max and Pmax between control and experimental groups in the 
present study. In general, VO2max is known as the best indicator of cardiovascular endurance and aerobic fitness. 
Whilst continuous training and other long-time trainings are widely used for improving VO2max and almost all 
athletes in most sports use them, recent studies show that the effects of HIIT on the improvement of aerobic power 
is similar to that of long-time trainings. It may be associated with high intensity of HIIT and the intervals between 
training sets. VO2max is reportedly increased by 5-14% after HIIT. The present study showed a similar increase 
(11.8%) in VO2max in experimental group (intervened with HIIT) as compared to control. 

The results of the present study are in agreement with most previous studies. In this sense, Laursen et al. 
(2005) reported the increased VO2max among cyclists by 4-week HIIT intervention. They suggested that 
peripheral adaptations are more responsible for performance improvement than central adaptations. A mechanism 
for increasing aerobic power is the increased activity of oxidative enzymes as reported in some studies [25]. In a 
study on the effect of interval training at 95% and 100% of the velocity at VO2max on aerobic physiological 
indices and running performance, Denadai et al. (2010) found that post-training VO2max did not change in two 
groups and that VO2max performance was significantly increased in the group of 100% of VO2max [26]. Also, 
castagna et al. (2010) studied the physiological aspects of futsal-oriented HIIT and reported that aerobic velocity 
and threshold, maximum velocity, and VO2max were significantly related to training program [19]. Astorino et 
al. (2012) examined the impact of HIIT on cardiovascular performance, VO2max, and muscular power and 
observed a significant improvement in VO2max as compared to baseline [27]. In a study on the effect of skill-
based maximal intensity interval training on aerobic and anaerobic performance of female futsal players, Karahan 
(2012) reported that mean aerobic power and VO2max of experimental group were improved by 10.7, 22.1 and 
9.6%, respectively. It implied that skill-based HIIT influenced aerobic and anaerobic performance of female futsal 
players significantly [18]. 

On the contrary, some studies show that VO2max is not affected by HIIT. For example, Laursen et al. 
(2002) and Burgomaster et al. (2005) reported that 2-week HIIT did not increase VO2max significantly [29, 30]. 
The difference in results may be associated with the difference in subjects (trained and not-trained) as well as the 
difference in training program duration. Experiments have shown that HIIT improves blood pumping by heart. 
This finding may explain why VO2max is increased by HIIT as observed in some studies. Also, following the 
trainings, aerobic phosphorylation rate is increased. This adaptation may be brought about by the increase in the 
number and activity of oxidative enzymes in muscles which can be a likely mechanism for VO2max improvement. 
Interestingly, most studies on the impact of HIIT on physiological factors that affect aerobic capacity show good 
adaptations in spite of lower intensity of their interval training programs. 

One another finding of the present study was the 13.8% improvement of anaerobic power in experimental 
group, whereas it showed a 2% decrease in control group. Other studies confirm these findings. Although most 
studies report the increase in anaerobic capacity following HIIT, the reported range of the increase varies. For 
example, Tabata et al. (1996) reported a 28% increase in anaerobic capacity after 6-week HIIT intervention [9]. 
One reason for inconsistent responses can be the duration of training program. Also, the effect of pre-training 
anaerobic fitness and the size of its response to training program can be another reason for the observed 
inconsistency. The improvement of aerobic capacity can be related to such factors as the increased concentration 
of phosphocreatine in muscles and its reproduction rate duration recovery, the activity of anaerobic enzymes, 
activation of motor unit, and the increase in buffer capacity of muscles. Low number of participants and the lack 
of nutritional control can be mentioned as the limitations of the study.  

In conclusion, the present study examined the effect of 3-week HIIT intervention on body composition 
and bioenergetic indices of boy futsal players. It was found that HIIT increased aerobic and anaerobic powers 
significantly as compared to control. It seems that HIIT with the studied intensity and duration can be an effective 
training program for improving body composition and bioenergetic variables among boys. It is recommended to 
study the effect of similar trainings with longer durations on other indices in other sports in future studies. 

Acknowledgement 

The research was carried out by Rasht Branch of Islamic Azad University, Rasht, Iran. 
Conflict of interest 

The authors declare that there is no conflict of interest 
References 

1. Meckel and Yoav, et al. The effect of a brief sprint interval exercise on growth factors and inflammatory 



 

47 

mediators. The Journal of Strength & Conditioning Research, 2009; 23(1): 225-230. 
2. Gibala MJ and McGee SL. Metabolic adaptations to short-term high-intensity interval training: a little pain 

for a lot of gain? Exercise and sport sciences reviews, 2008; 36(2):58-63. 
3. Hill-Haas SV, Coutts AJ, Rowsell GJ and Dawson BT. Generic versus small-sided game training in soccer. 

International journal of sports medicine, 2009; 30(9):636-42. 
4. Burrows M and Bird SR. Velocity at VO2 max and peak treadmill velocity are not influenced within or across 

the phases of the menstrual cycle. European journal of applied physiology, 2005; 93(5):575-80. 
5. Helgerud J, Hoydal K, Wang E, Karlsen T, Berg P, Bjerkaas M, et al. Aerobic High-Intensity Intervals 

Improve VO2max More Than Moderate Training. Medicine and science in sports and exercise, 2007; 
39(4):665. 

6. Barbero Alvarez JC and Castagna C. Activity patterns in professional futsal players using global position 
tracking system. Journal of Sports Science and Medicine, 2007; 6:208-209. 

7. Doğramacı SN and Watsford ML. A comparison of two different methods for time-motion analysis in team 
sports. International Journal of Performance Analysis in Sport, 2006; 6(1):73-83. 

8. Dupont G, Akakpo K, Berthoin S. The effect of in-season, high-intensity interval training in soccer players. 
The Journal of Strength & Conditioning Research, 2004; 18(3):584-9. 

9. Tabata I, Nishimura K, Kouzaki M, Hirai Y, Ogita F, Miyachi M, et al. Effects of moderate-intensity 
endurance and high-intensity intermittent training on anaerobic capacity and VO2max. Medicine and science 

in sports and exercise, 1996;28(10):1327-30. 
10. Helgerud J, Engen LC, Wisloff U, Hoff J. Aerobic endurance training improves soccer performance. Medicine 

and science in sports and exercise, 2001; 33(11):1925-31. 
11. Trapp EG, Chisholm DJ, Freund J, Boutcher SH. The effects of high-intensity intermittent exercise training 

on fat loss and fasting insulin levels of young women. International journal of obesity, 2008; 32(4):684-691. 
12. Gladden LB. lactate metabolism: a new paradigm for the third millennium. The journal of physiology, 2004; 

558(1):5-30. 
13. Barbero Alvarez JC, Castagna C. Activity patterns in professional futsal players using global position tracking 

system. Journal of Sports Science and Medicine, 2007; 6: 208-209. 
14. Gremeaux V, Drigny J, Nigam A, Juneau M, Guilbeault V, Latour E, et al. Long-term lifestyle intervention 

with optimized high-intensity interval training improves body composition, cardiometabolic risk, and exercise 
parameters in patients with abdominal obesity. American Journal of Physical Medicine & Rehabilitation, 
2012; 91(11):941-950. 

15. Whyte LJ, Gill JM, Cathcart AJ. Effect of 2 weeks of sprint interval training on health-related outcomes in 
sedentary overweight/obese men. Metabolism. 2010; 31;59(10):1421-1428. 

16. Sheikh Jafari M R, AghaAlinejad H. Effects of Progressive High Intensity Interval Training (HIT) on Aerobic 
and Anaerobic performance of male In-line speed Skating. International Journal of Sport Studies, 2014; 4(3): 
297-303.  

17. Bickham DC and Le Rossignol PF. Effect of High-Intensity Interval Training on the accumulated oxygen 
deficit of endurance-trained runners. Journal of Exercise Physiology, 2004 1; 7:40-47. 

18. Karahan M. The effect of skill-based maximal intensity interval training on aerobic and anaerobic 
performance of female futsal players. Biology of Sport, 2012; 29(3):223-230. 

19. Castagna C, Alvarez JC. Physiological demands of an intermittent futsal-oriented high-intensity test. The 

Journal of Strength & Conditioning Research, 2010; 24(9):2322-2329. 
20. Castagna C, Belardinelli R, Impellizzeri FM, Abt GA, Coutts AJ, D’Ottavio S. Cardiovascular responses 

during recreational 5-a-side indoor-soccer. Journal of Science and Medicine in Sport, 2007; 10(2):89-95. 
21. Silva G, Oliveira NL, Aires L, Mota J, Oliveira J, Ribeiro JC. Calculation and validation of models for 

estimating VO2max from the 20-m shuttle run test in children and adolescents. Archives of Exercise in Health 

and Disease, 2011; 3(1-2):145-52. 
22. Moore R, Bullough S, Goldsmith S, Edmondson L. A systematic review of futsal literature. American Journal 

of Sports Science and Medicine, 2014;2(3):108-16. 
23. Tremblay A, Simoneau JA, Bouchard C. Impact of exercise intensity on body fatness and skeletal muscle 

metabolism. Metabolism, 1994; 43(7):814-818. 
24. Shing CM, Webb JJ, Driller MW, Williams AD, Fell JW. Circulating adiponectin concentration and body 

composition are altered in response to high-intensity interval training. The Journal of Strength & Conditioning 

Research, 2013; 27(8):2213-8. 
25. Laursen PB, Shing CM, Peake JM, Coombes JS, Jenkins DG. Influence of high-intensity interval training on 



 

48 

 

   PHYSICAL  
  EDUCATION  

 OF STUDENTS 

adaptations in well-trained cyclists. The Journal of Strength & Conditioning Research, 2005; 19(3):527-533. 
26. Denadai BS, Ortiz MJ, Greco CC, de Mello MT. Interval training at 95% and 100% of the velocity at V O2 

max: effects on aerobic physiological indexes and running performance. Applied Physiology, Nutrition, and 

Metabolism, 2006;31(6):737-743. 
27. Astorino TA, Allen RP, Roberson DW, Jurancich M. Effect of high-intensity interval training on 

cardiovascular function, VO2max, and muscular force. The Journal of Strength & Conditioning Research, 
2012;26(1):138-145. 

28. Smith AE, Walter AA, Graef JL, Kendall KL, Moon JR, Lockwood CM, et al. Effects of β-alanine 
supplementation and high-intensity interval training on endurance performance and body composition in men; 
a double-blind trial. Journal of the International Society of Sports Nutrition, 2009; 11;6(1):1-10. 

29. Laursen PB, Blanchard MA, Jenkins DG. Acute high-intensity interval training improves Tvent and peak 
power output in highly trained males. Canadian Journal of Applied Physiology, 2002; 27(4):336-348. 

30. Burgomaster KA, Hughes SC, Heigenhauser GJ, Bradwell SN, Gibala MJ. Six sessions of sprint interval 
training increases muscle oxidative potential and cycle endurance capacity in humans. Journal of applied 

physiology, 2005; 98(6):1985-1990.  
Information about the authors: 

Fatemeh Balbasi; http://orcid.org/0000-0002-3190-6564; 
fatemeh.balbasi@gmail.com; Islamic Azad University; PO Box: 
8514143131, Rasht, Iran. 

Ramin Shabani; Associate Professor; http://orcid.org/0000-
0002-2681-3814; shabani_msn@yahoo.com; Islamic Azad 
University;  PO Box: 8514143131, Rasht, Iran. 

Marzieh Nazari; http://orcid.org/0000-0001-6273-0031; 
marzieh.nazari.v@gmail.com; Islamic Azad University; PO Box: 
8514143131, Rasht, Iran. 

Cite this article as: Fatemeh Balbasi, Ramin Shabani, 
Marzieh Nazari. Effect of high-intensity interval training on 
body composition and bioenergetic indices in boys - futsal 
players. Physical education of students, 2016;5:42–48. 
doi:10.15561/20755279.2016.0506 

The electronic version of this article is the complete one and can be 
found online at: http://www.sportpedu.org.ua/html/arhive-e.html 

This is an Open Access article distributed under the terms of the 
Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the 
original work is properly cited 
(http://creativecommons.org/licenses/by/4.0/deed.en). 

Received: 01.10.2016 
Accepted: 15.10.2016; Published: 28.10.2016 

 


	EFFECT OF HIGH-INTENSITY INTERVAL TRAINING ON BODY COMPOSITION ANDBIOENERGETIC INDICES IN BOYS - FUTSAL PLAYERS
	Fatemeh Balbasi, Ramin Shabani, Marzieh Nazari
	Abstract.
	Keywords
	Introduction1
	Material and Methods
	Results
	Discussion
	Acknowledgement
	Conflict of interest
	References
	doi:10.15561/20755279.2016.0506


