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How does rest Interval duration affect performance? An experiment on high-
intensity sprint exercises

Abstract

Introduction: The purpose of this study was to examine the effects of interval and high-intensity sprint
training (RST) with different rest intervals on the respiratory function, aerobic and anaerobic power. (2)
Materials and Methods: The study involved the voluntary participation of 20 male participants. The
participants were divided into two groups: 2IRG (2-minute rest between repeated sprints) and 4IRG
(4-minute rest between repeated sprints). The changes in the respiratory function, aerobic, and anaerobic
power parameters were examined in the 2IRG and 4IRG athletes who performed two training sessions per
week for 4 weeks. (3) Results: The findings indicated that there was no improvement in the respiratory
function among the athletes, but there was a significant improvement in aerobic and anaerobic power
parameters. However, this improvement was similar in both the 2IRG and 4IRG groups. (4) Conclusions: A
4-week high-intensity interval training program with two RST sessions per week was insufficient to elicit
improvements in the respiratory function. However, RST protocols with 2-minute and 4-minute rest
intervals provided similar aerobic and anaerobic benefits.
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Abstract: Introduction: The purpose of this study was to examine the effects of interval and high-
intensity sprint training (RST) with different rest intervals on the respiratory function, aerobic and
anaerobic power. (2) Materials and Methods: The study involved the voluntary participation of 20
male participants. The participants were divided into two groups: 2IRG (2-minute rest between re-
peated sprints) and 4IRG (4-minute rest between repeated sprints). The changes in the respiratory
function, aerobic, and anaerobic power parameters were examined in the 2IRG and 4IRG athletes
who performed two training sessions per week for 4 weeks. (3) Results: The findings indicated that
there was no improvement in the respiratory function among the athletes, but there was a significant
improvement in aerobic and anaerobic power parameters. However, this improvement was similar
in both the 2IRG and 4IRG groups. (4) Conclusions: A 4-week high-intensity interval training pro-
gram with two RST sessions per week was insufficient to elicit improvements in the respiratory
function. However, RST protocols with 2-minute and 4-minute rest intervals provided similar aer-
obic and anaerobic benefits.

Keywords: HIIT; repeated sprint training; respiratory function; aerobic power; anaerobic power;
rest interval.

1. Introduction

High-intensity interval training (HIIT) is a frequently used training method to en-
hance athletes' performance [1]. However, there is a confusion in the literature regarding
how long rest between intervals would provide maximum benefits. The existing research
presents varying results on the optimal rest interval during HIIT exercises [2-6].

Another source of confusion regarding HIIT training and rest intervals between in-
tervals appears to be related to physical and physiological adaptations. Some studies have
focused on the anaerobic outcomes of HIIT training and found that sprint training with
short rest intervals enhances anaerobic capacity [4, 6]. After HIIT training sessions con-
sisting of repeated sprints, parasympathetic reactivation occurs more rapidly, supporting
the increase in anaerobic capacity [2].

Other studies have focused on the aerobic outcomes of HIIT training [3, 5]. These
studies report that high-intensity endurance training increases aerobic capacity and im-
proves performance [3, 5]. These findings highlight the physical and physiological bene-
fits of HIIT training. However, the duration of HIIT sessions and the rest intervals between
exercises remain subjects of debate. In a previous study, despite an increase in plasma
noradrenaline levels following four weeks of intensive training, no change was reported
in VOzmax levels [7]. However, in general, HIIT training has been reported to enhance
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skeletal muscle oxidative capacity, making it a time-efficient strategy to induce metabolic
adaptations compared to traditional aerobic endurance training [8].

This article aims to examine the aerobic and anaerobic effects of high-intensity sprint
training with different rest intervals in more detail and gain a clearer understanding of
which rest interval provides maximum benefits. The hypothesis of this study is that ath-
lete groups designed with all-out efforts but with different rest durations (2 minutes or 4
minutes) will achieve similar gains after 4 weeks. Therefore, the objective of this research
is to investigate the effects of high-intensity interval training designed with different rest
intervals on the respiratory function, aerobic, and anaerobic power performance parame-
ters and to determine the optimal strategy for maximum benefits. This study will assist
athletes in determining the most appropriate rest interval when designing their training
programs. Additionally, it will significantly contribute to a better understanding of the
impact of high-intensity exercises.

2. Materials and methods

2.1. Participants

This study was conducted with voluntary participation of 20 elite-level healthy
males. The participants performed high intensity sessions with 2 min and 4 min rest in-
tervals with Repetitive Sprint Training (RST); 10 athletes formed the 2 min rest interval
group (2IRG) (age: 19.9 £ 0.9 years; height: 177.6+6.5 cm; weight: 71.15 + 8.6 kg; BMI:
22.61+2.95 kg/m?), and 10 athletes formed the 4 min rest interval group (4IRG) (age:
19.7 +£2.2 years; height: 173.3 + 4.5 cm; weight: 63.59+8 kg; BMI: 21.13 + 1.99 kg/m?). All
athletes were informed about the study, and the possible benefits and risks were ex-
plained. After verbal notification, all athletes were given a written informed consent form
prepared according to the Declaration of Helsinki. The study was conducted per the eth-
ical principles of the European Convention and the Declaration of Helsinki [9] and was
approved by the University Clinical Research Ethics Committee (No: 02/09/E.U).

2.2. Study design and procedures

The study was completed in four consecutive phases (Figure 1). The first phase of the
study was completed in one day and included registration, information and recording
demographic characteristics. The second phase of the study was the pre-test process, and
this phase was completed in 3 working days with one-day intervals. In this phase, the
athletes participated in pulmonary function tests on the first day. After a day of rest, they
visited the laboratory again for the Wingate anaerobic power and capacity test. Then the
athletes were allowed to rest for one more day to recover and participated in the final test
of the second phase, the YO-YO aerobic power and capacity test. After the pre-tests were
finished, the 4 weeks of high intensity RST for the 2IRG and 4IRG groups started. The
exercise intensity was controlled with the athletes” heart rates, and the HR values were
recorded (Table 2). After the 4-week RST period, the post-test phase (phase 4) initiated in
the same order and sequence as the pre-test phase.
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Figure 1. Flow chart of the research.

2.3. Data collection

Pulmonary function tests (PFT): forced vital capacity (FVC) and peak expiratory flow
(PEF) were determined using a portable pneumotachograph spirometer (FirstMed Sp-10).
Measurements were made according to the European Respiratory Society’s recommenda-
tions [10].

Determination of VO2max: The Yo-Yo intermittent recovery test was used to deter-
mine the athletes' VO2max levels. All tests were realized at the same time of day, avoiding
circadian effects on test performance [11]. Before the test, the participants were instructed
to do a standardized warm-up at a subjectively determined intensity in the range of 9-11
on the BORG scale [12] by running 20 m back and forth for 10 min with direction changes
of 180° [11]. The participants were asked to progressively increase the intensity toward
the end of the warm-up, nonetheless without reaching maximal speed. A 2-min passive
recovery preceded each test. On the day before testing, the participants refrained from
performing vigorous physical activity [11]. The Yo-Yo Intermittent Endurance Test Level
1 (initial speed: 10 km; final speed: 19 km) was designed to evaluate the ability to perform
intense exercise repeatedly during a prolonged intermittent exercise [13]. In the test, each
participant performed a series of 20-m shuttle runs at a pace set by an audio metronome
from an Android tablet (Samsung Galaxy Tab 52 SM-T813). In this version of the Yo-Yo
test, a 5-metre recovery area is added to the 20-metre running area. The athlete takes 10
seconds (5 m) of active rest in addition to every 40 meters of run [14, 15]. The test was
terminated when a subject failed twice to reach the starting line, or felt unable to complete
another shuttle at the dictated speed [11, 14, 15]. VO2max levels of the athletes were de-
termined according to their running performance [14].

Anaerobic Power measurements: The athletes' anaerobic power performance was de-
termined by a Wingate cycle ergometer (Monark Peak Bike 894-E). The athletes warmed
up for 5 minutes at 60-80 rpm before the test. After the warm-up, the saddle, handlebar,
and seat heights were adjusted for each athlete. The seat height was adjusted as the knee
angle was 175° in flexion position, while the athlete's foot was on the pedal with the pedal
in its lowest position. Before the test, 7.5% of the athlete’s body weight was equally placed
on the weight baskets. The test started when the athlete was ready. The athlete was asked
to show maximum performance for 30 seconds. After the test started, when the pedaling
force reached 150 rpm, the weight baskets automatically dropped and the athlete pedaled
at maximal speed against the resistance in the weight baskets [16, 17].
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2.4. Intermittent high intensity training period (RST)

Repetitive sprint is defined as the ability to apply repetitive sprints with minimum
recovery time or presenting the best mean sprint performance of successive sprints [18].
Both straight-line repetitive sprints and multi-directional repetitive sprints are frequently
used to increase physical capacity in many sports disciplines [19-21]. The repetitive sprint
training sessions were held on a 25-meter-long straight running field with 5-meter-spaced
marker lines (Figure 2). The instructions were to cover the greatest distance possible in 30
seconds, making trips of 5, 10, 15 m, etc. During the 4-minute recovery period, the athletes
walked back to the start line where they waited for the following repetitions [20, 21].

Start 5m 10m 15m 20m 25m

Figure 2. Interval high intensity repetitive sprint training.

The athletes performed RST 2 days a week for four weeks. A total of 4 sets of RST
were performed in each training session. Athletes performed 30 seconds of maximal (all-
out effort) loading each set during RST. A rest period of 2 minutes was given to the 2IRG
group and 4 minutes to the 4IRG group between each set.

The athletes’ maximum effort was controlled by the heart rate (Figure 3). The heart
rate was recorded using Polar S610i heart rate monitors (Polar USA, Lake Success, NY,
USA). Once the raw data were collected, it was downloaded to a computer using Polar
Precision Performance software (Polar USA).
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Figure 3. Mean heart rates of the athletes.
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2.5. Statistical analysis

The statistical analyses were conducted using SPSS (version 25.0, Chicago, IL). The
results are presented as mean values + standard deviation and 95% confidence interval
(95%CI). Data normality was assessed using the Shapiro-Wilk test and Q-Q plot, while
variance equality was evaluated using the Levene test. The differences between the
groups' performances of the athletes before and after the RST were analyzed using the
One-Way Analysis of Variance (ANOVA). Additionally, the differences between the pre-
test and post-test measurements were analyzed using the Paired Samples T-Test. All sta-
tistical results were considered significant at a probability level below 0.05 (p < 0.05). To
assess the magnitude of the differences between the variables, the effect size (Cohen's d)
was examined. Threshold values for Cohen's d statistics were 0.20, 0.60, 1.20, 2.0, and 4.0
for small, moderate, large, very large, and extremely large effects, respectively [22].

3. Results

When examining the athletes” Pulmonary Function Test (PFT) results, it was found
that the differences in Forced Vital Capacity (FVC) and Peak Expiratory Flow (PEF) ca-
pacities between the 2IRG and 4IRG groups before the repetitive sprint training (RST)
were not statistically significant (p > 0.05). However, after the 4-week RST performance of
the athletes, it was determined that the difference in FVC capacities between the 2IRG and
4IRG groups was significant (F(1.18) = 15.66; p = 0.001; d = 1.784), while the difference in
PEF capacities was not significant (p > 0.05). The differences in PFT results between the
pre-test and post-test measurements for both groups were not statistically significant
(p > 0.05) (Table 1).

Table 1. Results of the PFT analysis for the athletes.

Pre-test Post-test
X+SD %95CI X+SD %95Cl
2IRG 406+1.19 3.21-4.91 4.73 £ 0.51** 4.36-5.09
Fve 41RG 3.64 £0.55 3.25-4.03 3.92+0.39 3.64-4.20
2IRG 9.93+4.10 7-12.87 9.94+1.79 8.66-11.22
PEF 41RG 8.07 £2.28 6.44-9.70 8.38+1.77 7.12-9.65
*p>0.01 (statistical difference between groups); FVC: Forced Vital Capacity; PEF: Peak Expiratory
Flow

When examining the VO2max results obtained through the Yo-Yo test for the athletes,
it was determined that the intergroup comparisons between the 2IRG and 4IRG groups
before and after the RST were not statistically significant (p > 0.05). However, when the
effects of the 4-week RST were analyzed, it was found that there were significant differ-
ences between the pre-test and post-test results for both the 2IRG (tw.9 = -4.082; p = 0.003;
d =9.82) and 4IRG (ta.9=-4.391; p = 0.002; d = 9.49) groups (Table 2).

Table 2. Results of the VO2max analysis of athletes.

Pre-test Post-test
X+SD %95CI X +SD %95Cl
2IRG 48.01 £ 4.45 44.82-51.19 53.20 £ 4.24* 50.17-56.23

41RG 46.90 £ 4.67 43.56-50.24 53.47 £ 557" 49.49-57.45
*p > 0.01 (statistical difference between pre-test and post-test)

VO,max

When examining the athletes' anaerobic power performance obtained through the
Wingate Anaerobic Power Ergometer, it was determined that the absolute (W) peak
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power (PP) and average power (AP) performance differences between the 2IRG and 4IRG
groups before and after the RST were not statistically significant (p > 0.05). However, when
examining the athletes’ inter-group relative power (W/kg) performances, significant dif-
ferences were found between the pre-test PP (F(.1s)= 4.507; p = 0.048; d =0.949), post-test PP
(Fa18=5.968; p = 0.025; d = 2.331), pre-test AP (Fa18=8.009; p=0.011; d = 1.266), and post-
test AP (Fa.18=4.608; p = 0.046; d = 0.960) performances. When examining the athletes' pro-
gress over time, it was found that there were significant differences in the pre-test and
post-test PP (W) performances (f1.9=-3.366; p =0.008; d=1.205) and PP (W/kg) perfor-
mances (t19=-3.405; p = 0.008; d = 1.476) of the 2IRG athletes, but no significant differences
were observed in the AP (W) and AP (W/kg) performances (p > 0.05). When examining
the time-dependent anaerobic power development of the 4IRG athletes, similar to the
2IRG athletes, significant differences were found in the pre-test and post-test PP (W) per-
formances (f1.9=-2.478; p=0.035; d = 0.969) and PP (W/kg) performances (f1.9=-2.394;
p =0.040; d = 0.837), but no significant differences were observed in the AP (W) and AP
(W/kg) performances (p > 0.05) (Table 3).

Table 3. Analysis results of athletes' anaerobic power performance

Pre-test Post-test
X+SD %95CI X+SD %95Cl

PP (W) 2IRG 760.74 + 96.52 691.70-829.78 949.04 + 198.86"* 806.79-1091.29

4IRG 692.97 £208.21 544.03-841.91 851.76 +102.02** 778.78-924.74

2IRG  14.33+3.31* 11.96-16.70 17.82 + 4.80*** 14.38-21.26
PP (W/kg)

4IRG 11.01 + 3.68 8.38-13.64 13.64 + 2.49** 11.86-15.42
APCW) 2IRG 538.82 +77.89 483.10-594.54 567.26 £108.41 489.71-644.81

4IRG 470.61 £128.87 378.42-562.80 545.77 + 44.17 514.17-577.37

2IRG  10.08 + 2.15* 8.54-11.62 10.62 + 2.69* 8.70-12.54
AP (W/kg)

41RG 7.44 +2.02 5.99-8.89 8.69 +0.92 8.03-9.35

*p>0.01 (* statistical difference between pre-test and post-test); *p > 0.05 (* statistical difference be-
tween groups); PP: Peak Power; AP: Average Power; W: Watts

4. Discussion

This study was conducted to examine the changes in the respiratory function, aerobic,
and anaerobic power performance of individuals participating in repeated sprint training
designed with 2-minute and 4-minute rest intervals over a period of 4 weeks.

The most important finding of this research was the significant improvement in aerobic
and anaerobic power and capacity of both the 2IRG and 4IRG athletes after the 4-week train-
ing period, with similar levels of improvement observed between the groups. No significant
improvement was observed in respiratory function parameters over the 4-week period.
However, there were intergroup differences in the FVC parameter during the post-test
stage, indicating significant differences between the groups, although the level of improve-
ment compared to the pre-test was not significant.

According to the search results, high-intensity interval training (HIIT) can have a pos-
itive effect on the respiratory function. Several studies have shown that HIIT can in-crease
inspiratory muscle strength, which can lead to improvements in pulmonary function [23-
25]. One study found that 4 weeks of either HIIT or endurance training (3 training sessions
per week) resulted in a 25-43% increase in inspiratory muscle strength [23]. An-other study
showed that HIIT increased cardiorespiratory fitness and exercise capacity when compared
with no exercise and produced similar results to traditional endurance exercise [26]. Addi-
tionally, a 12-week HIIT program was found to be effective in improving body composition,
pulmonary function, and respiratory muscle strength in sedentary individuals [24]. Overall,
the evidence suggests that HIIT can be an effective way to im-prove the respiratory function.
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In the present study, a 4-week training program consisting of repetitive sprint training
was implemented, with a frequency of 2 training sessions per week. However, based on the
findings and the review of existing literature, it can be concluded that the 4-week HIIT pro-
gram with 2 training sessions per week may be insufficient to elicit significant improve-
ments in lung and respiratory functions. It is worth noting that the adaptation of lung and
respiratory functions to high intensity interval training can vary depending on various fac-
tors, such as the duration and intensity of the training sessions, the individual’s initial fitness
level, and their overall training regimen. While HIIT has been shown to have positive effects
on respiratory functions in some studies [23, 25, 26], it is possible that a longer or more in-
tensive training program may be required to achieve significant adaptations in this regard.
Further research and longer-term training interventions may be necessary to better under-
stand the effects of HIIT on lung and respiratory functions and to determine the optimal
duration and frequency of training required to elicit these adaptations.

Short but intense sprint training can lead to increases in glycolytic and oxidative en-
zyme activity, maximum short-term power output, and VO:max levels [27]. However, stud-
ies have suggested that interval and high-intensity training models may not necessarily be
more effective than traditional training models in improving aerobic and anaerobic capac-
ity. Nonetheless, they are often recommended due to their time efficiency [28, 29]. As a re-
sult, interval and high-intensity interval training can be used as an alternative to long-dura-
tion endurance runs and can lead to significant improvements in VO2max levels [1,30].

Previous studies have reported that time of recovery during repetitive sprint exercise
protocols can have a significant impact on sprint performance [6, 31, 32]. In all-out efforts
with recovery durations of 120 seconds or less, there is a high correlation between the
amount of sprint running and the increased recovery time [31, 32]. However, when the re-
covery time is extended to 60 or 120 seconds, the decrease in performance is significantly
reduced (approximately 3% and 2%, respectively) [31]. Nevertheless, when the recovery
time exceeds 120 seconds, the significant reduction in losses during exercise can lead to sim-
ilar gains. In this study, it was observed that groups with 2-minute and 4-minute recovery
intervals between all-out efforts achieved similar improvements after 4 weeks of training.

Buchheit et al. (2007) found that sprint training with 17-second rest intervals in-creased
anaerobic capacity [19]. Gibala et al. [4] reported that repeated sprints with 30-second efforts
and 4-minute rest intervals produced similar metabolic and performance outcomes to con-
tinuous aerobic exercises lasting 90-120 minutes [4]. Iaia and Bangsbo [5] examined perfor-
mance improvements over a wider range and reported that exercise durations of 10—40 sec-
onds, separated by rest intervals of 1-5 minutes and per-formed at near-maximal speeds,
were beneficial for achieving physical and physiological adaptations [5]. These different
findings create uncertainty about which rest interval is more effective. The results obtained
in our study indicate that both 2-minute and 4-minute rest intervals led to similar improve-
ments over a 4-week period. These findings suggest that when designing training programs,
appropriate rest durations should be determined based on the athletes' goals and capacities
to determine which rest interval is more effective.

Indeed, one of the major limitations of this study was the relatively short duration of
the training period, which was limited to 4 weeks. It is possible that the respiratory function
capacity, aerobic capacity, and anaerobic power changes may require a longer training pe-
riod to be adequately examined. Future studies with longer training periods could provide
a more comprehensive understanding of the effects of training on these variables.

5. Conclusions

The findings of this study indicate that engaging in high-intensity sprint training for
four weeks leads to notable enhancements in athletes' aerobic and anaerobic power. Sur-
prisingly, the duration of rest intervals (2—4 minutes) does not seem to impact these im-
provements. Nevertheless, it becomes evident that the 4-week training period, consisting
of two sessions per week, falls short in producing significant advancements in athletes'
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respiratory function. While these results contribute to clarifying the effectiveness of rest
intervals, further research is required, exploring diverse training periods, rest intervals,
and durations, to achieve a more comprehensive understanding of this subject.
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