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ABSTRACT

This study aims to investigate the effects of high-intensity interval training using the Tabata protocol on respiratory
parameters, special endurance (cardiorespiratory endurance, anaerobic speed endurance, and strength endurance),
and 800-m runners’ performance. A total of 20 well-trained males in the 800-m running were assigned into two equal
groups, the experimental group, and the control group, and all mentioned variables were measured before and after 8
weeks of the intervention. Respiratory parameters were assessed by using a BTL-08 Spirometer device. Cooper’s 12-
min running test was used to measure cardiorespiratory endurance. A repeated sprint test (6x30-m) was used to assess
anaerobic speed endurance. Tests for strength endurance consisted of repeated squat and sit-ups tests. The main
findings indicate that the experimental group showed greater improvement in respiratory parameters, cardiorespiratory
endurance, anaerobic speed endurance, strength endurance, and 800-m runners’ performance than the control group;
where (ES= 0.42:0.65, 0.34, 0.31:0.76, 0.48:0.63 and 0.72) (p < .05), respectively. Both groups significantly increased
the respiratory parameters, cardiorespiratory endurance, and strength endurance tests from pre- to post-test (p <.05).
The experimental group significantly increased the repeated sprint test values from pre to post-test (p = .000, < .05).
The control group significantly increased the peak and mean sprinting speed from pre to post-test (p = .039, .005, <
.05), while there were no significant differences in the fatigue index (p =.051 > .05). Our results suggest that runners
after Tabata protocol interventions can obtain better pulmonary function, endurance, and event time benefits with more
efficient performance and time-efficient manner compared with traditional training.
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INTRODUCTION

The 800-m running event is one of the middle-distance running events in athletics, that are run at a lower
intensity than sprint events but at a higher intensity than long-distance running (Brandon, 1995). Performance
in middle-distance running events is faced with the unique challenge being to run at high velocities between
6 and 8 m/s while still maintaining the economic movement as possible (M. A. Thompson, 2017; Williams et
al., 1987). The 800-m requires big contributions from both the anaerobic and aerobic energy systems (Staren
et al., 2021). Numerous studies have shown that the ratio of aerobic to anaerobic energy used during the
800-m naturally increases with race time, from roughly a 60/40% distribution in runners using less than 120s
to nearly a 70/30% distribution using more than 150s (Staren et al., 2021; Nevill et al., 2008; Spencer &
Gastin, 2001). Therefore, 800-m runners must have good special endurance which consists of
cardiorespiratory endurance, anaerobic speed endurance, and strength endurance to improve runners’
performance (P. Thompson, 2009). Currently, there are several ways to improve special endurance, and
High-Intensity Interval Training (HIIT) is considered the most effective of them (Munandar et al., 2021).

Tabata protocol, first introduced in 1996 by Izumi Tabata and colleagues, is a type of workout used for high-
intensity interval training, which compels you to work out at a very high intensity for a brief period (Tabata et
al., 1996). The benefits of the Tabata protocol include enhancing both the aerobic system, which is utilized
for endurance training, and the anaerobic system, which is responsible for brief, high-intensity exercises such
as sprints (Munandar et al., 2021; Sumpena & Sidik, 2017). Tabata et al., (1996) compared the effects of a
mid-intensity protocol with a high-intensity interval training protocol. The findings revealed that the Tabata
protocol, lasting 4 minutes, significantly increased both the anaerobic and aerobic capacities of physically
active individuals, whereas an hour of moderately intensive exercise only enhanced aerobic capacity (Tabata
et al., 1996; Viana et al., 2018). The protocol for this investigation included 7-8 bouts of the 20s on a cycle
ergometer at a minimum cadence of 85 rpm, followed by a passive recovery period of 10s (Tabata et al.,
1996). Later, the same research team found elevated levels of VO2 recorded in a six-week program that
included 6-7 high-intensity bouts (at 170% of the intensity at which VO2max) and short durations of work/rest
intervals (20s work/ 10s rest). The results showed that it improved anaerobic capacity by 28% and increased
aerobic capacity at levels comparable to mid-intensity continuous exercise. Evidently, the findings from both
studies were used to create the Tabata protocol. This protocol consists of eight movements, each movement
lasts the 20s of intense exercise followed by 10s of rest, and is repeated until four minutes are finished in
total (Viana et al., 2018).

The literature used the Tabata Protocol in the training process of many sports, including taekwondo
(Mischenko et al., 2021), badminton players (Nugroho et al., 2021), gymnasts (Gencay et al., 2021),
swimmers (Gussakov et al., 2021; Invernizzi et al., 2014) and cyclists (Paton & Hopkins, 2005). When
analysing the literature, we found many subsequent studies used the original Tabata protocol (Invernizzi et
al., 2014; Paton & Hopkins, 2005; Logan et al., 2016; Scribbans et al., 2014; Olson, 2013). On the other
hand, some literature created a great variety of Tabata-like protocols (Viana et al., 2019), where the "Tabata
Protocol" was modified using other activities (i.e. running, calisthenics, and resistance exercises) (Logan et
al., 2016; McRae et al., 2012). Similarly, elite soccer players showed marked improvements in their aerobic
and anaerobic capacities after undergoing a sprint training program lasting 9 weeks and consisting of 4
repetitions of 30s high-intensity runs (Helgerud et al., 2007). A. E. Tjnna et al. found that nonathletes who
performed a single, intense, 4-minute bout on treadmills at 90% of their heart rate peak, three times a week
for 10 weeks, saw a 10% improvement in their cardiorespiratory fitness without experiencing any negative
side effects (Tjgnna et al., 2013). Several studies of literature have compared the effect of endurance
exercise and high-intensity interval training, and all reports demonstrated an increase in cardiorespiratory
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fitness in favour of high-intensity interval training groups (Tabata et al., 1996; Trapp et al., 2008; Helgerud et
al., 2007). The bulk of research on the Tabata protocol's impacts focuses on several variables related to the
cardiorespiratory and/or muscular systems. To our knowledge, we did not find any studies that dealt with the
effect of the Tabata protocol on special endurance for 800m runners. Additionally, there is a dearth of data
on pulmonary function, which controls the pace at which oxygen is transferred from the lungs to the
bloodstream and is responsible for oxygen transport. Accordingly, this study's objective was to look into the
influences of HIIT using Tabata protocol on respiratory parameters, special endurance, and 800-m runners’
performance.

MATERIAL AND METHODS

Participants

Participants comprised 20 male runners selected from the track and field competitions department at the
Physical Education Faculty, who excelled in middle-distance running competitions. They were well-trained
on the 800m running before starting the study. Then they were assigned into two equal groups: an
experimental group (EG) and a control group (CG). All of the following conditions were fulfilled for inclusion:
all samples, (i) were enthusiastic about the opportunity and stuck with the training; (ii) had no pre-existing
ilinesses or musculoskeletal problems that might compromise their performance; (iii) They have the ability
and skill to perform the 800m race well; and (iv) Their records do not exceed 150 s. The participants were
told about the study's objectives, and procedures, and provided their voluntary assent, also the Faculty of
Physical Education. The Ethics Committee of Mansoura University approved this study (code:22022012018).
The participants' equivalence and homogeneity as described in Table 1.

Table 1. General characteristics of participants (mean + SD) and p-value between both groups.
The experimental group (n =10) Control group (n = 10)

Mean + SD CV Mean + SD CV T p Sig
Height (cm) 174.7 + 4.67 2.67 177.8 £3.99 225 -1596 228 NS
Body mass (kg) 63.8 +4.83 7.56 65+ 3.80 585 -0.618 544 NS
Age (year) 21.5+0.53 2.45 21.8+0.632 290 -1.152 265 NS

Note. n = sample size; p = p-value; CV = Coefficient of Variation; NS = No statistically difference between groups.

Study design

Researchers conducted a nonrandomized trial study on two groups: an experimental group and a control
group using a pre-and post-test. This paper was divided into four phases: (i) Phase 1 was a preparatory study
that took place over the course of one week and was used to familiarize the subjects with the assessment
methods, exercises, and Tabata routine. Additionally, during this phase, the reliability of the tests used in the
study, equipment, and gadgets was verified. During the familiarization meetings, demographic information
was gathered; (ii) Phase 2 included a week of pre-testing; (iii) Phase 3, which involved individuals completing
eight weeks of training; and (iv) Phase 4, which included a week of post-testing. The pre-test and post-test
procedures were the same protocol.

Testing procedures

The participants were evaluated at two places (the laboratory and the field) with 24 h intervals, respectively.
The laboratory measurements were conducted on the same day, while field tests were performed in three
separate sessions at 48 h intervals. All tests lasted for one week and were performed pre and post- 8 weeks
of training. Tests were performed during similar hours before and after the intervention. The subjects were
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asked not to exercise for the 48 hours before the testing and to avoid caffeinated drinks. Also, avoid eating
large meals for a few hours before the tests.

Laboratory measurements

The participants were instructed to present themselves at 9:00 am to perform measurements. The respiratory
parameters [Vital Capacity (VC), Forced Vital Capacity (FVC), Forced Expiratory Volume In 1s (FEV1), Peak
Expiratory Flow (PEF), and Tiffeneau-Pinelli Index (FEV1/VC)] were measured with a BTL-08 Spirometer
device. Spirometry measurements were made in a relaxed seated position with the subjects’ noses closed
with a latch. The units were recorded in litres. Each measurement was made twice, and the device's best
value was recorded (Gencay et al., 2021; Yapici-Oksuzoglu, 2020; Baker et al., 2022).

Field tests

Three separate sessions with 48-hour intervals were used to assess the subjects. In the first session, was
carried Cooper’s 12 min running test. In the second session, the following three assessments were carried
out: The repeated sprint test (6 x 30-m) and the repeated squat and sit-ups tests during 60 s. A 45-min interval
between tests was adopted. In the third session, the 800-m runners’ performance test. Before the
assessments began, a 10-minute warm-up with low-intensity workouts including jogging and stretching was
carried out. The tests had been carried out as follows:

Cardiorespiratory endurance was evaluated using Cooper's 12-minute running test. The subjects were asked
to complete as many laps as they could on a normal 400-meter track during the 12-minute test time. The
total distance run was recorded by measures obtained from the activity band. Each subject performed two
trials that were separated by 24 hours of rest. This test is considered a valid and reliable field-based(Kumar
& Zemkova, 2022; Cooper, 1968; Lu et al., 2021).

The repeated sprint test (6 x 30-m) was used to assess anaerobic Speed Endurance. The repeated sprint
test comprised 6 repeated maximal intensity sprints of 30-m. From a standing stance behind the starting line,
participants were instructed to complete six 30-meter sprints at maximum pace. After each sprint, each
participant returns to the opposite end to prepare for the next sprint, which will be raced in the opposite
direction as the previous sprint. The second 30-meter sprint begins 20 seconds after the first. This cycle will
continue until the completion of six sprints. Time is recorded to the nearest 0.01s. Three scores were
calculated; average 6 sprints time, peak sprint speed time, total sprint time (for the 6 sprints), and fatigue
index, the last one was computed as the percentage decrement: 100 — (total time / ideal time x 100); where
the ideal time equals 6x best time. This test is considered valid and reliable field-based. (Pyne et al., 2008;
Hermassi et al., 2017).

Repeated squat and sit-ups tests are used to measure muscular endurance. The test of repeated squats was
assessed to evaluate lower-body strength endurance. While the sit-up test evaluated the hip flexors
endurance and the abdominal muscles. The subjects were told to complete as many repetitions as possible
in 1-minute. Only reps performed using the right technique were recorded. These tests are considered valid
and reliable field-based. (Vaara et al., 2012; Alaranta et al., 1994; Ryman Augustsson et al., 2009).

The 800-m runners’ performance was evaluated using a manual stopwatch (Casio, Japan) that measures to
the nearest 0.01s, according to the IAAF rules(IAAF Rules, 2020).
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Training intervention

The training program was started on 21/01/2023. During the eight weeks intervention, the experimental group
completed 24 sessions, i.e., 3 sessions/ week, each lasting from 70 to 75 min. A minimum of 48 hours of
inter-session recovery was allowed between running sessions. The subjects warmed up for 15 minutes with
jogging, flexibility, and stretching exercises before each session (Megahed & Tarek, 2023b). Then, HIIT using
the Tabata protocol was carried out lasting from 10 to 20 min. Following that, subjects trained for 30 to 35
minutes in 800-m skills, and the last ten minutes of the session were spent cooling down (Megahed & Tarek,
2023a). The control group kept up their normal training routine during the same time.

Table 2. Details of Tabata Protocol intervention.

Stations Station 1 Station 2 Station 3 Station 4
1 High knees sprint Squat Step-Ups High knees sprint Jump squats
2 sprint Toe-Tap Hops Sand sprint Split Jacks
2 3 Butt kicks sprint Jump squats Burpees Wituck
S 3 Hgrewewin  Spm e s
> .
= 6 sprint lunges Sand sprint Climbers
7 Butt kicks sprint Jumping jacks Butt kicks sprint Sprawls
8 sprint Tuck Jumps Sand sprint Burpees with Rotations
8-Week Tabata Protocol Program
Weeks 1 2 3 4 5 6 7 8
Stations 1-2 1-3  1-2-3 1-4-3 1-2 1-3 1-2-3-4
Station duration 4 min
(Workload — Recovery) time (20 sec - 10 sec)
Sets per station 1 2 1
Sets duration 4 X 2=8 4 x 3 =12 minutes 4 x 4 =16 minutes
minutes
Rest between sets 2 minutes

Tabata protocol

The experimental group performed Tabata protocol stations, where each station consisted of eight
movements, which lasted for 4min. The Tabata protocol consisting of eight movements was applied in the
form of the 20s working and 10s active recovery interval method. They performed Tabata exercises for each
training session in 2 sets during the 1st and 2nd weeks, 3 sets during the 3rd to 5th weeks, and four sets
during the 6th to 8th weeks. The rest interval was 2 minutes between sets. (See Table 2)

Statistical analysis

The data distribution's normalcy was checked using the Shapiro-Wilk test, and all variables displayed a
normal distribution. Means and standard deviations (SD) were used to display the descriptive statistics. To
compare differences between both groups at baseline and post-tests, an independent t-test was carried out.
We used paired sample t-test to identify significant differences within the groups between baseline and post-
tests. The change ratio (A%) was utilized to verify differences within the groups between baseline and post-
tests. The effect size (ES) was assessed using partial eta-squared (n?) values, as a small from 0.20 to 0.49,
moderate from 0.50 to 0.79, or large effect >0.80. The IBM SPSS Statistics version 26.0 program was used
to analyse all of the data. The level of significance used in the statistical analyses was .05.
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RESULTS

Baseline data

There were no statistically significant baseline differences in the variables measured between both groups at
the pre-test, where [t-test = .153 to 1.040, p = .312 to .880 (p > .05)]. All participants completed an eight-
week training period with an average training attendance of 100%.

The effects of training intervention after eight-week

The effect on respiratory parameters

A significant difference in respiratory parameters measurements was observed in favour of the experimental
group compared to the control group, where [CV, T-test = 3.738, n2=0.44, p = .002; FVC, t-test = 3.537, n?
=0.53, p=.004; FEV1, t-test = 4.839, n2= 0.65, p = .000; FEV1/ VC, t-test = 4.737,n2= 0.55, p = .000; PEF,
t-test = 3.626, n2=0.42, p = .002; (p > .05)]. (See Figure 1).

c ) Pre- test
3 W Pre- test 6 s lPost-test
G Ae14.46% lPost-test
2 A=15.47%
s
A=7.03% 5.5
5.5| B a—
3 —_ A=7.57%
= =) *
o= w
- 5
s e
4.5 4.5
4 4 L
Control gruop Experimental group Control gruop Experimental group
5.5 11.5
5 I Pre-test
> WlPost-test
A=12.76%
5 *
—_
=
—
=
w45
w
4
3.5

Control gruop Experimental group

Control gruop Experimental group

%20

. [ Pre- test
Il Post-test

A=5.99%

%85 A=3.14%
St

Control gruop Experimental group

Note. $ Significant difference from the control group. * Significant difference from the pre-test. A Change ratio % from the pre-test.
p-value set at .05.

Figure 1 The effects of training intervention on respiratory parameters (VC, FVC, FEV1, PEF, and FEV1/VC).

6 | 2023 | ISSUE - | VOLUME -- © 2023 University of Alicante



Megahed, et al. / High-intensity interval training using “Tabata protocol” JOURNAL OF HUMAN SPORT & EXERCISE

Moreover, both groups significantly increased respiratory parameters (VC, FVC, FEV1, PEF, and FEV1/VC)
frompre [(CG 5.09 £ 0.1881,4.88 £ 0.2181,4.15+0.1151,9.28 + 0.464 I/s, and 81.58 + 1.521%); (EG 5.11
+0.2671,4.89 £0.281 1,417 £ 0.1811,9.31 £ 0.72 I/s, and 81.67 + 1.105%), respectively] to post [(CG
545+0.1521,525+0.1221,4.49 £ 0.1151,9.94 + 0.425 I/s, and 84.58 + 1.131%; A% = 7.03%, 7.57%,
8.16%, 7.21%, and 3.14%; n2=0.77, 0.73, 0.79, 0.78 and .71; p = .000 to .001 <.05); (EG 5.85 + 0.302 I,
5.65+0.3391,4.93+£0.261,10.5+0.704 I/s, and 86.56 + 1.175%; A% = 14.46%, 15.47%, 18.07%, 12.76%,
and 5.99%; n2=0.99, 0.97, 0.99, 0.96 and 0.99), respectively; p =.000 < .05]. (See Figure 1).

The effect on cardiorespiratory endurance

There was a significant difference was observed for Cooper's 12 minutes running test favouring the
experimental group compared to the control group, where (t-test = 3.027, n2 = 0.34, p = .007). Also, both
groups significantly increased Cooper’s 12 minutes run from pre [CG 3143.3 £ 78 m; EG 3177.7 £ 91.24 m)
to post [(CG 3353.4 + 178.53 m; A% = 6.64%; n2 = 0.75, p = .001 <.05); (EG 3588.1 £ 168.02 m, A% =
12.88%; n%=0.95, p = .000 <.05)]. (See Figure 2).

00
32 [ Pre- test

Cooper’s 12 minutes running [l Post-test

$

3700 A=12.88%
%

3
<

3300

Distance (meter)

3100

2900

2700 .
Control gruop Experimental group

Note. $ Significant difference from the control group. * Significant difference from the pre-test. A Change ratio % from the pre-test.
p-value set at .05.

Figure 2 The effects of training intervention on Cooper’s 12 minutes running.

The effect on anaerobic speed endurance

The 6 x 30-m repeated sprint test results showed that there were significant differences in the peak, and
mean sprinting speed and the fatigue index favouring the experimental group compared to the control group.
Where the peak sprinting speed (t-test = 2.782, n2 = 0.31, p =.012 < .05); The mean sprinting speed (t-test
= 5482, n2 = 0.63, p = .000 < .05); The fatigue index (t-test = 7.469, n2 = 0.76, p = .000 < .05). The
experimental group significantly increased the peak, and mean sprinting speed and the fatigue index from
pre (4.094 £0.137 5,4.478 £ 0.179 s, 9.375 £ 1.713%), respectively to post (3.855 £ 0.132 s 4.003 + 0.132
s,3.838 £1.713 %; A% = 5.79%, 10.56%, and 57%; n2=0.80, 0.93, and 0.83; respectively; (p = .000 < .05).
The control group significantly increased the peak and mean sprinting speed from pre (4.118 £ 0.177 s, 4.53
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+0.19 s), respectively to post (3.994 £ 0.087 s 4.312 £ 0.12's; A% = 2.88%, 4.72%; n2=0.39, .60; p = .039,
.005 (p < .05); respectively). While the control group had no significant differences in the fatigue index from
pre to post-test (p = .051 > .05). (See Figure 3).

6 X 30 m repeated sprint [ Pre-test

12
[l Post-test

A=14.80%

A=57%
K

10

Mean

A=10.56%
* g

A=2.88%  A=4.72%
sk

A=5.79%
* 8

Peak sprint

Mean sprint  atigue index (%)
speed (s}

speed (s)

Peak sprint Mean sprint Fatigue index (%)
speed (s) speed (s)

Control gruop Experimental group

Note. $ Significant difference from the control group. x Significant difference from pre-test. A Change ratio % from pre-test. p-value
set at .05.

Figure 3 The effects of training intervention on peak and mean sprinting speed (6 x 30-m) and the fatigue
index during the repeated sprint test.

0 A= 40.15% g I pos tet
* 4=34.60% &
60 4-18.76% *

A=15.95%

sk
sk

50

40

Reps / min

30

20

10

Repeated squats Sit-ups Repeated squats Sit-ups
Control gruop Experimental group

Note. $ Significant difference from the control group. * Significant difference from pre-test. A Change ratio % from pre-test. p-value
set at .05.

Figure 4 The effects of training intervention on repeated squats and sit-ups.
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The effect on strength endurance

There were significant differences were observed for repeated squats and sit-ups tests favouring the
experimental group compared to the control group, where the repeated squats test (t-test = 5.519, n2 = 0.63,
p =.000 < .05); The sit-ups test (t-test =4.049, n2 = 0.48, p = .001 < .05). Both groups significantly increased
the repeated squats and sit-ups from pre [(CG 44.7 + 5.736 reps/min, 42.8 + 3.327 reps/min); (EG 45.3 +
4.398 reps/min, 42.2 £ 2.781 reps/min), respectively] to post [(CG 52.6 + 4.67 reps/min, 49.5 + 4.503
reps/min; A% = 18.76% and 15.95%; n2 = 0.79 and 0.76; respectively; p = .000 < .05); (EG 63.2 + 3.882
reps/min, 56.7 + 3.368 reps/min; A% =40.13% and 34.6%; n2 = 0.98 and 0.97; respectively; p =.000 < .05)].
(See Figure 4).

The effect on 800-m runners’ performance time

There was a significant difference was observed for the 800-m time favouring the experimental group
compared to the control group, where (t-test=6.071,n2=0.72, p = .000). In addition, both groups significantly
increased 800-m time from pre [CG 2.433 £ 0.112 min; EG 2.413 £ 0.09 min) to post [(CG 2.368 + 0.0564
min; A% =2.57%; n2=0.53, p = .011 <.05); (EG 2.243 £ 0.033 min; A% = 6.95%; n2=0.83, p =.000 < .05)].
(See Figure 5).

800 meter running time [ Pre- test
[l Post-test
A=2.579
7% A= 6.95%
2.50 % %
g
=
£
E
v
£ 200
=
1.50

Control gruop Experimental group

Note. $ Significant difference from the control group. * Significant difference from pre-test. A Change ratio % from pre-test. p-value
set at .05.

Figure 5 The effects of training intervention on 800-m running time.
DISCUSSION

The main findings indicate that after eight-week, the experimental group showed greater improvement in
respiratory parameters, cardiorespiratory endurance, anaerobic speed endurance, strength endurance and
800-m runners’ performance than the control group. HIIT using the Tabata protocol seem to be necessary to
provoke additional improves endurance and respiratory parameters due to the high-intensity movements
applied in the form of the 20s working and 10s recovery interval, as it increased all parameters. Regarding
the literature on respiratory parameters, one of the most notable physiological adaptations brought on by HIIT
is the rise in tidal volume accompanied by a decrease in respiratory frequency. And this is a better indicator
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of increased pulmonary function, which leads to respiratory efficiency (Batra & Zaton, 2016; Gross, 1989;
McArdle WD, Katch Fl, 1994). This study showed that HIIT using Tabata protocol had a large effect (ES=
0.96:0.99) upon pulmonary function by the increased VC(14.46%), FVC(15.47%), FEV1(18.07%),
PEF(12.76%), FEV1/VC(5.99%), which was significantly higher than the improvement seen in the control
group by 7.03%, 7.57%, 8.16%, 7.21% and 3.14% and 6%, respectively, as shown in Figure1, resulting in
moderate effect size in performance between both groups (ES= 0.42:0.65). Throughout the previous works
concerning the effects of HIIT on respiratory parameters, there is a paucity of pulmonary function literature.
We came across a study by Dunham and Harms, which reported an increase in pulmonary function following
Interval training over the course of four weeks versus a traditional endurance training program of the same
length (Dunham & Harms, 2012). Gencay Clce et al. observed a significant difference in respiratory functions
(FVC and FEV1) of aerobic gymnasts after 6 weeks of using plyometric and Tabata training. Tabata group
showed statistically significant improvements in respiratory function indicators (Gencay et al., 2021). These
findings are consistent with the data we discovered after eight weeks, which may help to explain why the
experimental group increased respiratory functions. The 800m running requires significant contributions from
both aerobic and anaerobic energy (Staren et al., 2021). High-intensity repetitive activities during training
cause an increase in the pulmonary function of athletes. The pulmonary function of subjects was increased
during high-intensity repetitive workouts. Our results support the notion that anaerobic stimuli have a greater
impact on increasing airflow speed than aerobic stimuli do on increasing vital capacity (Yapici-Oksuzoglu,
2020). It is believed that the changes in respiratory functions following the Tabata protocol in the current
research are caused by the intense use of repetitive, high-intensity motions. Therefore, it can be concluded
that interval training encourages adaptive changes in skeletal muscle oxygen extraction based on the
changes in respiratory functions (Batra & Zaton, 2016).

In terms of endurance, our study suggests that HIIT training using the Tabata protocol interventions lasting
shorter intervals has slightly better training effects about cardiorespiratory endurance compared with
traditional training. Where the HIIT using the Tabata protocol increased cardiorespiratory endurance by
Cooper’s 12 minutes running test (12.88%), which outweighed the control group that improved by 6.64%.
However, there was a small effect size between both groups (ES=.34). Our findings are consistent with
studies concentrating on high-intensity interval training to improve cardiorespiratory fitness. For example,
some literature indicated that endurance and VO2 max were enhanced by high-intensity interval training after
a 6-week training for recreational runners (Tong et al., 2016) and eight weeks for taekwondo(Batra & Zaton,
2016) and hockey players (Sarkar et al., 2019). Additionally, Usha Nair and Geethu Mohan found that after
six weeks, swimmers' VO2 max significantly increased by 10.50% (Usha S Nair, 2017). The increase in
cardiorespiratory endurance is associated with improved oxygen uptake in the lungs and heart. VO2 max is
influenced by some factors, such as the cardiac output, the lungs' capacity to diffuse oxygen, the blood's
capacity to transfer oxygen, the muscles' capillary density, and the mass of mitochondria (Kind et al., 2019).
The workouts, work periods, and rest periods were chosen for the intervention have an impact on these
factors because they support peripheral adaptations that increase the ability to extract and use available
oxygen (Foster et al., 2015; Sarkar et al., 2019), resulting in increased cardiorespiratory endurance. On the
other hand, In the previous studies that have been done, it has been assumed that the increased muscular
stimulus will cause intracellular signalling sequences, which will then lead to an increase in the 5-AMP-
activated protein kinase (AMPK) activity in muscle cells, and an excess in the mRNA and protein expression
of the mitochondrial oxygenation enzyme, and a raise in peroxisome proliferator activated
receptorcoactivator-1a (PGC-1a) mRNA and protein, and eventually an enhancement in aerobic capacity
(Atakan et al., 2022)(Terada et al., 2005). According to other literature, regular training that focuses on the
anaerobic glycolytic system boosts oxidative enzyme activities like cytochrome oxidase, B-Hydroxyacyl-CoA
dehydrogenase (B-HAD), and citrate synthase (CS), in addition to promoting numerous structural, molecular,
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and neuronal adaptations, all these changes ultimately lead to an increase in VO2max (Burgomaster et al.,
2008; Gibala & McGee, 2008).

As to anaerobic speed endurance, we found a large effect (ES=.80:.93) during the repeated sprint test (6 x
30-m) by the improved peak sprinting speed (5.79%), mean sprinting speed (10.56%) and the fatigue index
(57%). This was greater than the control group improved by 2.88%, 4.72% and 14.80%, respectively, (see
Figure 3) leading to a medium effect size between both groups [ES= 0.63 (mean sprinting speed) and 0.76
(the fatigue index)]. But there is a small effect size between both groups (ES= 0.31) at peak sprinting speed.
It was worth noting that the fatigue index had significant differences in the experimental group from pre to
post-test and there were no significant differences in the control group. In this context, The literature
investigating the effects of high-intensity exercise on speed endurance showed greater improvement
compared with speed training (Mohr et al., 2007), endurance training (laia et al., 2008) and short-term
tapering (Thomassen et al., 2010). Unlike our findings, there is a study by Naimo et al. where university
students participated in HIIT training for four weeks (Naimo et al., 2014). In another study by Astorino et al.,
twenty women and twenty men participated in HIIT training on a short-term basis (Astorino et al., 2012) and
there was not a significant in the fatigue index in these two studies. Our result was aligned with A., Cigerci &
Harun Genc, who found a significant increase in fatigue index value after HIIT training applied to university
students for nine weeks compared to the traditional training in which there were no differences (Cigerci &
Genc, 2020). It also agreed with Karahan's study, which reported that eight weeks of skill-based maximal
HIIT such as Tabata for female futsal players improved the fatigue index (Karahan, 2012). Through training,
longer physiological stimulants can hasten lactic acid transfer and removal, delaying the start of fatigue. To
promote anaerobic speed endurance during rigorous intermittent exercise for 800-meter runners, HIIT using
the Tabata technique appears to be a very effective training regimen.

The present study showed that HIIT using Tabata protocol had a large effect on strength endurance by the
increased repeated squats test (40.13%) and sit-ups test (34.6%), which was greater than the control group
that improved by 18.76% and 15.95%, respectively, (see Figure 4). We only came across studies intended
for HIIT and their impact on strength endurance when we examined the literature on studies about strength
endurance. Thomas Bossmann et al. observed that HIIT sessions lead to significant improvement in strength
endurance for physical education students by the increased sit-ups test (Bossmann et al., 2023). The 800-m
runners’ performance time increased significantly in experimental group (6.95%), which was greater than the
control group improved by 2.57% (see Figure 5) leading to a medium effect size between both groups (ES=
0.72). Our findings are consistent with study of Driller et al., which reported increase the 2000-m rowing
performance time 8.2s following a period of high-intensity interval training (Driller et al., 2009), and improved
anaerobic and aerobic endurance, in our opinion, is what caused this increase.

CONCLUSION

This paper attempted to reveal the impact of HIIT using the Tabata protocol on respiratory parameters,
endurance, and performance of 800-meter runners. HIIT using the Tabata protocol was applied three days a
week for 8 weeks, and it resulted in the development of the respiratory parameters (vital capacity, forced vital
capacity, peak expiratory flow, forced expiratory volume in 1s, and Tiffeneau-Pinelli index). Also, there was
an improvement in special endurance (cardiorespiratory endurance, anaerobic speed endurance and
strength endurance), and performance of 800-meter runners. These improvements are due to the greater
exercise intensity during the Tabata protocol intervention compared to conventional training. So, runners can
obtain better pulmonary function, endurance, and event time benefits with more efficient performance and
time-efficient manner. Accordingly, we recommend coaches of middle-distance runners consider HIIT using
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the Tabata protocol because it may lead to improvements in their athletes' cardiorespiratory endurance,
anaerobic speed endurance, and strength endurance, freeing up more time to focus on other aspects of
practice.
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