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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 (meanz SD age, 13.49+1.03
years; BMI, 20.95+1.78 kg/m?)
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.
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®aTtemex Bban6acu, Pamun LWWa6aHu, Map-
3nex Hasapu. BnusHue wuHTepBanbHOM
TPEHUPOBKN BbICOKOW UHTEHCUMBHOCTU Ha
cocTaB Tena v 6moaHepreTuyeckmne nokasa-
Tenu y noapocTKOB — cpyT3anucToBs. Llenb:
WHTEHCUBHbIE VHTEpBanbHble TPEHWPOBKM
MOryT MPUBECTW K YMYyYLIEHUIO MPOMNopLmo-
HanbHOCTU U FapMOHWYHOCTN pasBUTUSA Tena
Cpean CnopTCMEHOB B KpaT4yawlume CPOKWU.
BnusiHne Takol TpeHnpoBku Ha BruoaHepreTy-
Yyeckne akTopbl yT3anMcToB He K3yyeHa.
Llenb HacTosLLero nccrnenoBaHusi coctosna B
TOM, 4YTOObI UCCNeoBaThb BNUsSHWE 3-Heaenb-
HON UHTEHCVBHOW MHTEPBAaNbHON TPEHUPOBKM
Ha rMokasaTenu cocTtaBa Tena, MakCMmarbHOM
a9pobHON 1 aHadPOOHON MOLLHOCTU Cpeam
nogpocTkoB — dyT3anuctoB. Mamepuasn: 30
noapocTKoB - PyT3anMCcTOB (CpedHui BO3-
pact 13,49+1,03 net, uHOekc maccbl Tena
20,95 + 1,78 kr/M?) NpuHANM yyactne B UC-
crnegoBaHuM Ha J06pPOBONbLHON OcHOBE. OHU
ObIny cnyyanHelM obpa3om pacnpegeneHb
B 3KCnepuMeHTanbHyto (n = 15) n koHTpons
(n = 15) rpynn. TpeHNPOBKM NPOAOIMKan1ch B
TeyeHune Tpex Hedenb No TPy pasa B Hedento
B TeveHne 12-36 MUHYTHOTO yNpadkHEHUS Ha
Gerosou fopoxke. Bec, uHgekc maccel Tena,
MHAEKC OTHOLLUeHUs pa3Mepa Tanuu kK beapy,
TONLUMHA XKMPOBbLIX OTMOXEHWUIN, MaKCUMarb-
Has aspobHasi M aHadpobHas MOLLHOCTb
ObINy 3aperncTprpoBaHbl 40 TPEHWPOBKU U
Yyepes 48 yacos nocne nocnegHen TPEHNPOB-
Kn. AapobHble MoLHOCTb Obina nsmepeHa B
20-m yenHo4HoM bere, a MakcuManbHas aHa-
3pobHasi MOLLHOCTb Bbina nsmepeHa ¢ Nomo-
wpto Tecta RAST. Bbin ucnonb3oBaH t-tect
AnA napHon BbIGOPKM AN onpeaeneHus
NPeATecToBbIX-NOCTTECTOBLIX  Pas3nuyuni 1
He3aBVCUMBIV t -TecT Ans onpeneneHns pas-
nMunin mexay rpynnamu. YpoBeHb 3HauMMo-
cTn 6bin yctaHoeneH p<0,05. Pe3yibmamai:
ObINn 0BHapyXeHbl 3Ha4YUTENbHbIE PasnNUyns
B Bece, MHAEKCe MacChl Tena, TOMNWVHE Xu-
POBbIX OTNIOXEHWUIA, MakcMarnbHOW a3pobHom
1N aHa3pPOOHOM MOLLHOCTM B OMbITHOW rpynne
(p=0,001) pno n nocne akcnepumeHTa. Ho n3-
MEHEHMNS COOTHOLLEHUS pa3MepoB Tanuu K
6egpy He ObINM CTAaTUCTUYECKU 3HAYUMbBIM
(p<0,05). Hukakunx cyLlecTBEHHbIX pasnuyni
He 6bINno o6HapyXeHO 1 B BbIOPAHHOW KOM-
no3vuuy Terna Mexay IKCnepuMeHTanbHoM
N KOHTpOMbHOM rpynn. Habnoganuce 3Hauu-
TernbHblEe Pa3nuMyMsa B MakcMmarnbHON aspob-
HOW 1 aHa3pobHom mowHocTu (p=0,001). Bbi-
800bl: CornacHo pesynbratam, MHTEHCMBHas
MNHTepBarbHas TPEHUPOBKA MOXET ObITb 3d-
PEeKTMBHON B MOBbILEHNIO BrMO3HEpreTnye-
CKWUX nokasatenen pytaanuctos. Kpome Toro,
B Oyaywmx MccrneqoBaHUSX pekoMeHayeTcst
N3y4nTb BNMsiHWE NopobHbIX bonee AnuTens-
HbIX TPEHWPOBOK MO APYrMM MokasaTtensm B
Apyrvx Bugax cnopra.

UHMep8sarbHbIe MPEHUPOBKU, UHOEKC Macchl
mena, aHaspobHasi MOWHOCMb, MUHU-Gbym-
6or.

®dartemex Ban6aci, Pamin LLla6ani, Map-
3iex Hasapi. Bnnue iHTepBanbHoro
TpeHyBaHHA BWUCOKOi iHTEHCUBHOCTI
Ha cknag Tina i 6ioeHepreTU4Hi nokas-
HUKM Y nigniTkiB - dyT3anictiB. Mema:
IHTEHCVBHI iHTepBanbHi TpeHyBaHHS MoO-
XyTb MPUBECTU [0 MOMIMNWEHHS Npono-
PUIMHOCTI | rapMOHIAHOCTI pO3BMTKY Tina
cepep, CNOPTCMEHIB B HANKOPOTLLI TEPMIHW.
Brnnue Takoro TpeHyBaHHS Ha GioeHep-
reTuyHi haktopn yT3anicTiB He BUBYe-
Ha. MeTa LbOro focnimxeHHst nonsdrana B
ToMy, Wo6 AocnianMTK BNnuB 3-TUXKHEBOTO
iHTEHCMBHOIO iHTEpPBanbHOrO TPeHyBaHHSA
Ha MOKa3HWKW cknagy Tina, MakcMMarnbHOl
aepobHoi Ta aHaepobHOT NOTYXKHOCTI cepen
nigniTkis - yt3anictis. Mamepiasn: 30 nig-
niTkiB - dyT3anicTiB (cepenHin Bik 13,49 +
1,03 pokis, iHaekc macu Tina 20,95 + 1,78
Kr / M2) B3ann y4acTb B AOCHIAXEHHI Ha JO-
OpoBinbHili 0cHOBI. BoHn Bynu BUNagkoBum
YMHOM PpO3MOAINEHI B EKCNepuMeHTarnbHy
(n = 15) i koHTpomo (n = 15) rpynn. Tpe-
HYBaHHS TpuUBanu NPOTArOM TPbOX TWDKHIB
no TpW pasu Ha TwKAeHb npotarom 12-36
XBUIMUMHHUX BNpaB Ha biroBiv gopixui. Bara,
iHOekc macw Tina, iHOeKC BiAHOLLEHHS pos3-
Mipy Tanii OO CTerHa, TOBLUMHA >XUPOBUX
BiAKNageHb, MakcuMmarnbHa aepobHa i aHa-
epobHa NoTyxHicTb Bynun 3apeecTpoBaHi 4O
TpeHyBaHHS i Yepe3 48 roguH nicns ocTaH-
HbOro TpeHyBaHHSA. AepobHi MOTYXHICTb
6yna BumipsHa B 20-M YOBHMKOBOMY Oiry,
a MakcumarnbHa aHaepobHa MOTYXHICTb
byna BumipsiHa 3a gonomoroto TecTy RAST.
Byno BukopucTaHo t-TecT Ansi napHoi Bu-
GipKkM ANs BU3HAYEHHSI NEPEATECTOBMX-MO-
CTTECTOBMX BIOMIHHOCTEN | He3anexHuin
t-TecT AN BM3HAYEHHSA BiOMIHHOCTEN MiX
rpynamu. PiBeHb 3HadyLlocTi 6yB BCTaHOB-
nenwun p<0,05. Pesynbsmamu: 6ynv Busiene-
Hi 3Ha4Hi BiOMIHHOCTI y Bas3i, iHOEeKCi macu
Tina, TOBLUWMHI >XMPOBUX BiOKNaaeHb, Mak-
cMManbHOi aepobHOro | aHaepoBHOT NOTYX-
HocTi B gocnigHin rpyni (p=0,001) go i nicns
eKkcnepumeHTy. Ane 3MiHM CriBBiAHOLLEHHS
po3mipis Tanil 4o cterHa 6ynu cTaTMCTU4HO
3Havywmm (p<0,05). Hiskmx icToTHMX Bia-
MiHHOCTeW He Byno BUsSIBMEHO i B obpaHii
KOMMO3uuii Tina M eKkcneprMeHTanbHO
i KOHTpoOnbHOW rpynamu. Cnoctepiranvcs
3HaYHi BiAMIHHOCTI B MakcMManbHin aepob-
Hiv i aHaepobHin noTyxHocTi (p=0,001). Bu-
CHo8KU: 3rifiHO 3 pe3ynbratamu, iHTEHCKB-
He iHTepBanbHe TpPEeHyBaHHS Moxe OyTu
edekTVBHUM y nigBuLLEHHI BioeHepreTny-
HVX MoKasHukiB dpyTaanicTiB. Kpim Toro, B
MalbyTHIX OOCMIIKEHHSIX PEKOMEHAYETHCS
BMBYMTU BNNMB MOAIGHMX Binbll TpyBanux
TpeHyBaHb 3@ iHLWUMW MOKa3HUKaMK B iH-
LUMX BUAAX CMOPTY.

iHmepearnbHi MpeHys8aHHs, I[HOeKc Macu
mina, aHaepobHa nomyHicms, MiHi-gbym-
6orn.

Introduction

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
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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
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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 (VO, ) 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 (p,_ ) 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].

Dogramaci 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 VO, _ [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 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
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years; BMI, 20.95+1.78 kg/m?) 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, VO, ,and P 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* by

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

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
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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.

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)

Tablel. High intensity interval training program

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).

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 VO, and P of
experimental group between pre-test and post-test (P <
0.05, Table 3).

According to Table 4, there was no significant

session Rest Time Activity Replete Speed Total Time
Second Time Treadmill
Second
1 90 30 2 8 7.5 7 12
2 90 30 3 8 7.5 7 18
3 90 30 3 8 7.5 7 18
4 135 45 3 9 8.5 8 25
5 135 45 3 9 8.5 8 25
6 135 45 3 9 8.5 8 25
7 135 45 3 10 9.5 9 25
8 135 45 3 10 9.5 9 25
9 135 45 4 10 9.5 9 36
10 135 45 4 10 9.5 9 36
Table2. Baseline characteristics of study participants ( meant SD)
variable Control Experimental
meant SD meanz SD
Age (year) 1.06+13.53 1.18+13.46
Height(m) 4.97+149.00 3.61+159.27
Weight(kg) 3.06+45.86 4.04+47.87
Thickness of body fat(mm) 1.00+17.17 1.51+15.15
BMI(kg/m? 1.154£20.66 2.14+21.24
WHR 0.02+0.85 0.01+0.86
BMI: body mass index; WHR: waist to hip ratio
Table 3. Effects of HIIT training according paired t-tests (n=30)
Group Before After t p
Weight(kg) Control 3.06+45.86 2.87+45.72 1.16 0.2
Experimental 4.4+47.87 3.96+47.56 3.2 *0.005
BMI(kg/m?) Control 1.154£20.66 1.11420.60 1.1 0.2
Experimental 2.14+21.24 2.13+21.11 3.31 *0.005
WHR Control 0.02+0.85 0.01+0.86 0.1 0.89
Experimental 0.0+0.86 0.00£0.86 0.1 0.8
Thickness of body fat(mm) Control 1.0£17.17 0.8+16.62 5.9 *0.000
Experimental 1.51+15.15 1.38+14.62 7.4 *0.000
Vo2max Control 5.09+41.01 5.10+41.17 0.7 0.4
Experimental 4.84+42.30 5.33+47.94 10.18 *0.000
P Control 40.72+42.58 36.97+41.88 3.1 *0.007
Experimental 47.87+47.15 55.01+54.91 14.13 *0.000
p<0.05
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Table 4. In depended t-test between groups (n=30)

Group Meant Difference t DF P

Weight(kg) Control 0.48+0.14 0.9- 28 0.3
Experimental 0.34+0.29

BMI(kg/m?) Control 0.22+0.06 0.9- 28 0.3
Experimental 0.14+0.12

WHR Control 0.003+0.002- 1.09- 28 0.2
Experimental 0.2+0.05

Thickness of body fat(mm) Control 0.35+0.54 0.3 28 0.7
Experimental 0.26+0.51

Vo2max (ml/kg/min) Control 0.78+0.16 5.4- 28 0.001"
Experimental 2.1445.64

Pmax Control 10.64+8.70- 13.7- 28 0.001"
Experimental 18.02+65.76

p<0.05

difference in BMI between control and experimental
groups (P > 0.05). But, there was significant difference in
VO, .and P between control and experimental groups
(P <0.05). In other words, HIIT improved VO, andP__
in experimental group as compared to control group.

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
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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
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show that the longer the exercise trainings are, the more
effective they are on body composition indices. In fact,
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)
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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.
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