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Abstract

The aim of this study was to examine the physical and selected performance characteristics of 9-week
High-Intensity Interval Training (HIIT) on sedentary university students. Participants were separated two groups
as HIIT and control group (CG). HIIT group applied training 3 times a week for 9 weeks. CG was not applied any
training. Before and after HIIT training program, the subjects were applied to age, height, body weight (BW), body
mass index (BMI) tests for physical parameters and standing long jump (SLJ), vertical jump (VJ), 10-20 m sprint,
T agility test (TAT), star excursion balance test (SEBT), running-based anaerobic sprint test (RAST) for
performance parameters. Multiple analysis of variance (MANOVA) was used to analyze of inter-group, intra
group and the effect of training in repeated measurements. Bonferroni test was used for Post Hoc comparisons; the
significance level was accepted as 0.05. There was a significant difference in BW, BMI and all performance
parameters in favor of HIIT group. HIIT provided effective development to physical and performance
characteristics of university students.
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1. Introduction

The suggested level of physical activity (PA) to correct health risks for adult is equivalent to 150 min of moderate
intensity continuous exercise (MICT) or 75 min per week of vigorous exercise (Garber et al., 2011). Physical
activity is known to used for weight control and managing obesity (Chin et al., 2016; Shook, 2016; Verheggen et
al., 2016). The greatest barrier to regular PA is seen as lack of time (Brownson et al., 2001; Sequeira et al., 2011;
Stavrinou et al., 2019). Given the lack of available time for PA, it is of importance to determine the minimum
exercise duration and frequency required to induce favorable physiological and psychological adaptations,
especially in the general population (Stavrinou et al., 2019). So, high-intensity interval training (HIIT) seems to be
effective in terms of time.

HIIT involves alternating short bursts of high intensity exercise with recovery periods or light exercise and
including HIIT in a training programme implies that greater health-enhancing benefits could be gained in less time,
making HIIT a more time efficient and attractive option (Weston et al., 2014). The purpose of HIT is to repeatedly
stress the physiological systems that will be used during a specific endurance-type exercise (Daniels & Scardina,
1984) to a greater extent than that which is actually required during the activity (Laursen & Jenkins, 2002).
Besides, HIIT is as efficacious a protocol at improving aerobic fitness as traditional endurance training despite the
reduced time commitment (Batacan et al., 2017). HIIT also induces greater improvements in cardiorespiratory
fitness than MICT in healthy, young to middle-aged adults (Bacon et al., 2013; Milanovi¢ et al., 2015). So, it can be
understood that HIIT is an easily applicable training method for people at all fitness levels, as well as for people
with special conditions such as obesity and diabetes and it can be also applied with all exercise models (running,
walking, swimming, cycling, aqua etc.) (Akgiil et al., 2017). The aim of this study is to examine the physical and
physiological characteristics of 9-week HIIT on sedentary university students.
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2. Methods
2.1 Participants

Twenty-four (24) healthy male university students, aged 19.66+1.11 years, voluntarily participated in the study.
The students were divided into two groups as 12 HITT groups and 12 CG at the beginning of the training period so
that there was no difference in terms of physical and performance parameters. While HITT group were applied the
HITT for 9 weeks, CG did not participate in any training. Besides, all subjects were asked to avoid challenging
activities during the training. Signed informed consent from all subjects was obtained.

2.2 Procedures

The volunteer university students participating in the study were applied HIIT 3 times a week for 9 weeks. The
program, which started with a 20-second sprint in the first week, was increased to 30 s in the following weeks, and
the total sprint time of individuals was increased. HITT group applied 30 seconds sprints at maximum capacity (20
s for week 1) also 3—4 minutes passive recovery sections between sprints. HITT were carried out in the athletics
track under the supervision of the researchers and the training hour was 10:00 am for each training.

Table 1. 9-week HITT program (Allen et al., 2017)

lst 2nd 3Id 4(h Sth 6th 7th 8(}1 9(}1
Variables
Week Week Week Week Week Week Week Week Week
ST (s) 20 30 30 30 30 30 30 30 30
RC (min) 4 4 4 4 3.30 3.30 3.30 3.30 3.10
RP (Piece) 5 4 5 6 6 6 7 8 8

TST (min) 1.40 2.00 2.30 3.00 3.00 3.00 3.30 4.00 4.00
ST: Sprint time, R: Recovery, RP: Repetitions, TST: Total Sprint Time

In the study, before and after HITT training program the features of age, height, body weight (BW), body mass
index (BMI) for physical measurements and the features of vertical jump (VJ), standing long jump (SLJ), 10-20 m
sprint, T agility test (TAT), star excursion balance test (SEBT), running-based anaerobic sprint test (RAST) for
performance measurements were obtained from all participants.

The height of the subjects was measured with Holtain brand stadiometer with a sensitivity of 0.01 cm in anatomical
position (barefoot) and BW was measured with a sensitivity of 0.01 kg in anatomical position (barefoot). BMI was
calculated by “BMI = weight (kg)/(height)®” formula.

V1J and SLJ tests were applied as mentioned before (Kaplan et al., 2016; Krishnan et al., 2017). In 10-20 m sprint
test, the subjects started the test from the starting line located 1 meter behind the starting photocell (Newtest 2000;
Newtest Oy, Oulu, Finland), sprint tests were recorded through the photocells placed at 10th and 20th meter. Each
student repeated the test twice and better one was recorded as “seconds”. TAT, T-shaped in an area of 10m length
and 10m length consists of 4 created contact points. The subject tried to complete this track moving in different
ways and directions as soon as possible. In TAT the subjects run from the starting point to a sign cone 10 m away,
went to second cone 5 m away by a side shuffle left. When the subjects touched the cone, they went by side shuffle
to the cone 10 m away and then went by side shuffle back to the middle cone. The test was finished by back
pedaling to the starting point (Asadi, 2016). Better of two trials was recorded as “seconds”.

SEBT was performed with the participants standing in the middle of a grid formed by eight lines extending out at
45° from each other. While the participant was in the center of the star and tried to reach the points in eight
different directions, prepared in 45 degree increments with one leg (stable) and the other in the center of the circle.
Both legs were tested to reach distances. Normalization was performed by dividing each excursion distance by a
participant’s leg length, and then by multiplying by 100 (Gribble & Hertel, 2003). RAST consisted of 6 maximal
efforts of 35m, separated by a passive recovery period of 10s. The time of each effort of 35m was recorded using a
system of photocells (Newtest 2000; Newtest Oy, Oulu, Finland) located at the beginning and at the end of the
35m. After the test, the peak power (PP), average power (AP), minimum power (MP) and fatigue index (FI) of
subjects were calculated as mentioned before (Andrade et al., 2015).

2.3 Satistical Analysis

The data obtained from measurements of subjects were analyzed by IBM SPSS 22.0 statistical program.
Descriptive statistics are categorized according to all students and groups. The pre- and post-test distributions of
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the variables were examined according to groups, the normality of the distributions and the homogeneity of the
variance were determined by the Mauchly’s Test of Sphericity and the Levene Test. Multiple analysis of variance
(MANOVA) was used to analyze of inter-group, intra group and the effect of training in repeated measurements.
Bonferroni test was used for intra-group analysis (Post Hoc comparisons), in the study the significance level was

examined at 0.05.

3. Results

Table 2. Descriptive statistics of participants

Group N Variables Average+S.D Min. Max.
HITT 12 19.7140.99 18 21
Age ( year)
CG 12 19.42+0.97 18 21
HITT 12 . 181.28+7.07  170.00 194.00
Height (cm)
CG 12 176.7148.32  167.00  190.00
HITT 12 73.35+8.41 64.00 90.00
BW (kg)
CG 12 68.14+8.74 57.00 78.00
HITT 12 ) 21.92+2.27 18.50 25.20
BMI(kg/m")
CG 12 21.7743.40 18.30 27.30
Chi-Square (X?) p
Age ( year) 19.66+1.11 18 21 0.054 0.817
Height (cm)  179.76+7.62  167.00 194.00 1.344 0.246
Total 24 BW (kg) 71.61+8.68 57.00 90.00 0.947 0.331
BMI(kg/m?)
21.87+2.61 18.30 27.30 0.201 0.654

*p > 0.05; BW: Body Weight’; BMI: Body Mass Index

In Table 2, it is understood that there is no significant difference for all descriptive variables between groups before

the training period (p > 0.05).

Table 3. Comparison of physical features between groups

Variables N  Group Pre-Test X+SS Post-Test X+SS  In-group Change (%)  Test*Group F p
. 12 HITT 181.28+7.07 181.64+7.21 0.36 (0.19%)
Height (cm) 0.097 0.758
12 CG 176.7148.32 177.00+8.16 0.29 (0.16%)
12 HITT 73.35+8.41 72.42+8.29 -0.93 (-1.27%)*
BW (kg) 30.005 0.000*
12 CG 68.14+8.74 68.42+8.75 0.28 (0.41%)
) 12 HITT 21.92+2.27 21.63+2.27 -0.29 (-1.32%)*
BMI (kg/m*) 35.501 0.000*
12 CG 21.77+3.40 21.90+3.35 0.13 (0.59%)

*p <0.05; BW: Body Weight; BMI: Body Mass Index

Although there is no statistical difference in the height of the subjects, there is a significant difference in the BW
and BMI characteristics between the pre and post-test measurements. However, when the changes in BW and BMI
features of subjects are examined, it is seen that there is test*group interaction in both features and it is determined
that the interaction in these parameters is caused by a significant decrease in the results of HIIT group.
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Table 4. Comparison of RAST between groups

Variables N Group Pre-Test X+SS Post Test X+SS In-group Change (%) Test*Group F p
12 HITT 513.00+84.14 538.07485.54 25.07 (4.88%)*

PP (Watt) 23.715 0.000*
12 CG 444.85+61.82 449.71+60.85 4.86 (1.09%)
12 HITT 474.28+84.59 486.85+85.91 12.57 (2.65%)*

AP (Watt) 21.950 0.000*
12 CG 395.14+61.03 393.14+61.09 -2.00 (-0.50%)
12 HITT 429.07492.97 433.64+92.92 4.57 (1.06%)*

MP (Watt) 19.158 0.000*
12 CG 352.42467.10 353.14+67.87 0.72 (0.20%)
12 HITT 241+1.15 2.70+1.16 0.29 (12.03%)*

FI (%) 9.351 0.006*

12 CG 2.57+1.53 2.71+1.51 0.14 (5.44%)

*p <0.05; PP: Peak Power, AP: Average Power, MP: Minimum Power, FI: Fatigue Index

When the RAST measurements of the subjects are analyzed, it is seen that all of RAST values increase
significantly in HIIT group. The test*group interaction in all parameters of RAST is statistically significant and the
significance is due to the improvement demonstrated by HIIT group.

Table 5. Comparison of performance measurements between groups

Variables N Group Pre-Test X+SS Post Test X+SS In-group Change (%) Test*Group F p
12 HITT 1.50+0.11 1.4740.10 -0.03 (-2.00%)*
10 m SR (s) 19.922 0.000*
12 CG 1.55+0.08 1.5610.08 0.01 (0.64%)
12 HITT 3.62+0.17 3.5240.16 0.10 (2.76%)*
20 m SR (s) 12.976 0.002*
12 CG 3.62+0.08 3.66+0.07 0.04 (1.10%)
12 HITT 235.21+14.56 240.71+13.10 5.5(2.33%)*
SLJ (cm) 13.076 0.002*
12 CG 229.28+12.53 231.00+10.11 1.72 (0.75%)
12 HITT 29.71+5.48 32.28+4.49 2.57 (8.65%)*
VJ (cm) 4.782 0.041*
12 CG 24.85+2.67 25.28+2.42 0.43 (1.73)
12 HITT 8.71+0.89 8.52+0.41 -0.19 (-2.18%)*
TAT (s) 5.365 0.032*
12 CG 8.30+0.28 8.58+0.27 0.28 (3.37%)
12 HITT 682.42+42.16 694.21+38.41 8.36 (1.22%)*
SEBT 10.497 0.004*
12 CG 725.00+32.44 720.42+27.87 -4.58 (-0.63%)

*p <0.05; 10 m SR: 10 m speed run, 20 m SR: 20 m speed run, SLJ: Standing Long Jump, VIJ: Vertical Jump, TAT:
T Agility Test, SEBT: Star Excursion Balance Test

When the performance parameters of groups are analyzed, it is seen that in all parameters, there is a statistically
significant development in HIIT group and there is no significant difference CG. The differences between the
groups appear in the post-test values and CG remain at a statistically worse value than HIIT group. In this regard,
the test*group interaction for performance tests is statistically significant and the significance is due to HITT

group.
4. Discussion

In this study, it was understood that in physical features parameters when there was no difference in the height of
the subjects, BW and BMI values are seen as statistically significant and the significance was caused by a positive
decrease in the results of HIIT group. According to the literature, there are some studies stating that regular
physical exercises have positive effects on obesity, blood pressure, physical well-being, body fat and healthy life
(Charach et al., 2004; Laaksonen et al., 2002; Ockene et al., 2004; Ryan et al., 1996). In a study which examined
the effects of exercise intensity on cardiovascular health and total body composition, it was found that
low-intensity exercises were significant on weight as a result of an 8-month exercise program that formed two
groups of high and medium intensity (Gutin et al., 2002). As a result of the 6-week treadmill exercise in another
study, a statistically significant decrease was observed in the weight of individuals from 76.8 + 12.5 kg to 75.0 +
12.0 kg after exercise (Szmedra et al., 1998). Besides, it was declared that while BMI of subjects decreased as
statistically significant in 41.6-year-old women because of 12-week aerobic exercises 3 days a week (Amano et al.,
2001), it was also said that 12-week HIIT had positive effects on BMI and anthropometric values of sedentary
people (Kordi et al., 2013) and it was also said that HIIT was very effective on body composition of sedentary
people in many studies (Allen et al., 2017; Khammasi et al., 2018; Miller et al., 2014). It was determined in the
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studies that there was a significant decrease in BW and BFP as a result of the breakdown of high amounts of
calories during the training and the rapid metabolism that occurs (Bagger et al., 2003; Giinay et al, 2000; Segal et
al., 2004). So, it can be said that HIIT is a very effective training method for body composition and healthy lifestyle
for sedentary people.

It was seen that RAST PP, AP, MP and FI values increased significantly in HIIT group and there was no significant
change in CG and the significance was due to the statistically significant development shown by the HITT group.
In a study by, HIIT training was applied to university students for 4 weeks and a significant increase in PP and AP
values was detected (Naimo et al., 2015). In another study, a group of 20 women and 20 men underwent short-term
HIIT training, and the tendency to increase in PP and MP was not significant (Astorino et al., 2012). However,
unlike our findings, there was no increase in FI in these two studies. This can be explained by the fact that these
two studies are shorter in duration than our study. Longer physiological stimulants through training can speed up
the transport and elimination of lactic acid, thereby slowing the onset of fatigue.

When the results of the performance tests belonging to the groups are examined, when the results of 10-20 m sprint
tests, VJ and SLJ, TAT and SEBT are examined, it is seen that there is a significant improvement in the
experimental group, and there is no change in the control group. It was stated that there was a significant difference
in the 10-meter running test and agility test average values HIIT group (Iacono et al., 2015). In another study, it
was also reported that there was no significant difference between the agility test mean values in a study examining
the effect of HIIT on seasonal performance in soccer players (Howard & Stavrianeas, 2017). The reason for this
may be due to the different load intensity in the training sessions applied in the studies. It was understood that the
training that includes HIIT method improves VJ (Monks et al., 2017), jumping and sprint (Buchan et al., 2013;
Kilit & Arslan, 2019), balance (Bressel et al., 2014) and agility (Seo et al., 2019). On the other hand, the effects of
HIIT is due, in part, to positive contribution of two metabolism to the energy demand (MacDougall et al., 1998;
Rodas et al., 2000; Simoneau et al., 1987) which enhances the availability of ATP and improves the energy status in
working muscle (Laursen & Jenkins, 2002). It is important to use regular exercises that are performed as a form of
physical activity to improve and maintain fitness, as well as regular training provides a decrease in BW and BFP.

5. Conclusion

With this research, it was tried to reveal the positive effect of HIIT on physical fitness parameters. Research in this
field should be combined with research in the psychological and sociological field, and informative studies should
be conducted to guide the society. The idea of how important active life is for general health today must be brought
into community awareness. As a result; it can be said that HITT, which is applied 3 days a week for 9 weeks,
provide positive physical and performance development to physical and performance characteristics of university
students.
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