'." frontiers ‘ Frontiers in Sports and Active Living

") Check for updates

OPEN ACCESS

EDITED BY
Ersan Arslan,
Tokat Gaziosmanpasa University, Turkiye

REVIEWED BY

Thiago Teixeira Mendes,

Federal University of Bahia (UFBA), Brazil
Karuppasamy Govindasamy,

SRM Institute of Science and Technology,
India

*CORRESPONDENCE
Junpeng Feng
bsufengjunpeng@163.com

"These authors have contributed equally to
this work

RECEIVED 08 January 2024
ACCEPTED 28 March 2024
PUBLISHED 16 April 2024

CITATION

Kong Z, Wei X, Shen M, Cheng Y and Feng J
(2024) Interval training has more negative
effects on sleep in adolescent speed skaters: a
randomized cross controlled trial.

Front. Sports Act. Living 6:1367190.

doi: 10.3389/fspor.2024.1367190

COPYRIGHT
© 2024 Kong, Wei, Shen, Cheng and Feng.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Sports and Active Living

Original Research
16 April 2024
10.3389/fspor.2024.1367190

Interval training has more
negative effects on sleep in
adolescent speed skaters: a
randomized cross controlled trial

Zhenxing Kong", Xinhua Wei”, Meng Shen’, Yue Cheng’ and
Junpeng Feng'*

'Key Laboratory of Exercise and Physical Fitness of the Ministry of Education, Beijing Sport University,
Beijing, China, *Zhejiang Qiangnao Technology Co., Ltd, Hangzhou, Zhejiang, China, *lce Sports
Management Center of Jilin Provincial Sports Bureau, Changchun, Jilin, China

Objective: Sleep is an essential component of athletic performance and
recovery. This study aimed to investigate the effects of different types of high-
intensity exercise on sleep parameters in adolescent speed skaters.

Methods: Eighteen male adolescent speed skaters underwent aerobic capacity
testing, Wingate testing, and interval training in a randomized crossover design
to assess strength output, heart rate, and blood lactate levels during exercise.
Sleep quality after each type of exercise was evaluated using the Firstbeat
Bodyguard 3 monitor.

Results: The results showed that Wingate testing and interval training led to
decreased sleep duration, increased duration of stress, decreased RMSSD, and
increased LF/HF ratio (p<0.01). Conversely, aerobic capacity testing did not
significantly affect sleep (p>0.05). The impact of interval training on sleep
parameters was more significant compared to aerobic capacity testing (p <0.01)
and Wingate testing (p < 0.01).

Conclusion: High-intensity anaerobic exercise has a profound impact on
athletes’ sleep, primarily resulting in decreased sleep duration, increased stress
duration, decreased RMSSD, and increased LF/HF ratio.
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1 Introduction

Sleep is an essential component of human physiological activities, playing a crucial role in
the body’s recovery, maintenance of immune function, and regulation of psychological well-
being (1-4). For athletes, good sleep is not only related to the body’s rehabilitation and repair
but also directly influences their training outcomes and athletic performance (5-7).

Moderate exercise is considered a crucial means to maintain overall health and
promote sleep (8). Research indicates that regular aerobic exercises, such as jogging
and swimming, can enhance sleep quality, shorten the time it takes to fall asleep, and
reduce the frequency of nighttime awakenings (9). This is mainly attributed to the fact
that exercise can elevate body temperature, followed by a gradual decline in temperature
after exercise. This temperature change stimulates the sensitivity of the biological clock
to temperature variations, making it easier for individuals to fall asleep. Additionally,
exercise promotes the secretion of neurotransmitters such as endorphins, inducing a
calming and pleasant sensation, which helps alleviate tension, reduce anxiety levels, and
consequently enhance sleep quality (8, 10, 11).
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The impact of different intensities of exercise on sleep may vary.
Due to the high-intensity and high-frequency training and
competition activities, athletes experience a more complex and
profound effects on their sleep (12, 13). With the continuous
deepening of research on the relationship between exercise and
sleep, increasing evidence indicates that exercise significantly
influences the sleep of athletes. Studies have found that prolonged
high-intensity training and excessive sports competition may disrupt
the athletes’ circadian rhythm, making it difficult for them to fall
asleep at night and causing daytime fatigue (14-16). Especially on
the night before a competition, athletes may face emotions such as
tension and excitement, increasing the risk of insomnia (17-19).
Additionally, athletes may be affected in their ability to fall asleep
and sleep quality due to issues such as bodily pain and muscle
soreness during the training process, consequently affecting their
training and competitive performance (18, 20).

In order to understand the effects of different types of training
on athletes’ sleep, this paper aims to explore the impact of various
types of high-intensity exercise on sleep parameters in adolescent
speed skaters. This provides a scientific basis for optimizing
athletes’ periodic training schedules and sleep management.

2 Participants and methods
2.1 Participants

This study recruited 18 male youth professional speed skaters
from provincial teams in northeastern China. All athletic levels
were Level 1 or above. The athletes” age, heights, and weights are
shown in Table 1.

Their best results for each distance were from the website
https://www.speedskatingresults.com/.

All athletes were informed of the study procedures before testing
and signed a written informed consent that they confirmed to be free
of heavy training, competition, and injury before performing each test.

2.2 Design

All subjects completed 3 types of exercise including Aerobic
Capacity Test, Wingate test, and Interval Training, one week between
each type of exercise. All participants were randomly assigned three
tests in order. All participants refrained from engaging in moderate
to high-intensity exercise during the experiment and maintained
normal sleep-wake schedules. The diet on the day preceding each of
the three experiments was standardized.

Relative maximum power, relative average power, and heart
rate were recorded during each type of exercise, fingertip blood
was collected at the immediate end of exercise for blood lactate
concentration analysis using an EKF portable blood lactate meter

TABLE 1 Basic profiles for elite male athletes (n =18).

Age (year)
16.19+1.23

Height (cm)
17442 £3.52

Body weight (kg)
62.82+5.36
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(EKF Lacate-Scout, EKF, Germany) and subjects were asked
about their level of fatigue by Borg (6-20) Rating of Perceived
Exertion (RPE) scale.

2.2.1 Aerobic capacity test

Test Method: Subjects wore portable gas metabolic analyzer
Cortex Metamax 3B R2 for power bike incremental load experiment,
and the changes of heart rate and oxygen uptake values of subjects
were monitored and recorded throughout the test. VO2max, heart
rate, and anaerobic threshold were recorded during the test.

Incremental Load Scheme: The incremental load scheme is
shown in Table 2 (21).

Termination Criteria: (1) The athlete feels exhausted and is
unable to continue the exercise. (2) The athlete is below 10% of
the designated speed for 30s continuously. (3) A plateau in
oxygen uptake as the load rises.

2.2.2 Wingate test

The Wingate test was conducted using a power cycle (Monark
824E, Sweden) for athletes. Prior to the test, athletes were required
to engage in a 25-30 min warm-up activity, and the body mass of
each athlete was measured on-site. The resistance factor for each
athlete was set at 7.5% of their body mass. The height of the power
cycle seat was adjusted to be level with the greater trochanter of the
femur. At the beginning of the test, the tester raised the resistance
basket, and the researchers counted down from 5 to 1. Upon the
command “start,” the athlete assumed a standing position and
pedaled with maximum effort. Simultaneously, the resistance basket
was released, initiating data collection. Throughout the test, the
tester continuously encouraged the athletes to maintain the
maximum exercise time for 30s. Additionally, athletes were
instructed not to lift their hips off the bicycle seat during the test (22).

2.2.3 Interval training

Interval training was performed using a Wattbike (Wattbike
Pro, UK). The training program required the athlete to complete
five 150-second all-out workouts with 240 s of intervals between
each repetition.

2.3 Sleep monitoring

The Firstbeat Bodyguard 3 sleep monitor (Firstbeat Bodyguard
3, Finland)was used to monitor the sleep quality of the subjects on

TABLE 2 The cycling incremental load scheme.

Level __Poner ) Rprm (i)
0 0

Rest 1
Level 1 0 1 70
Level 2 150 3 70
Level 3 200 3 70
Level 4 250 3 70
Level 5 300 3 70
. 3 70
Recovery 50 3 /
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the nights without any training and following each type of exercise.
7 parameters were selected, including: Sleep duration, Relaxation
Time, Stress time, Average HR (Average Heart Rate), Average
RespR (Average Respiratory Rate), as well as heart rate variability
indicators RMSSD, LF/HF (23).

2.4 Statistical analyses

IBM SPSS Statistics (version 22.0; IBM Corp, Armonk, NY)
performed the statistical analyses. All data obtained from the
experiments were presented as mean +standard deviation.
Normality and homogeneity of variance tests were conducted on
all data before analysis. Paired t-tests were used to compare
changes in sleep parameters after different types of exercises
within the same subjects, while independent samples t-tests were
employed to analyze differences in training performance and sleep
parameters among different subjects after different types of
training. When p <0.05, the statistical differences were significant,

and when p < 0.01, the statis-tical differences were highly significant.

3 Results

3.1 Performance of athletes during different
types of exercise

The data in Table 3 indicates certain differences in power output
among the three types of exercises. The maximum and average

TABLE 3 Performance of athletes during different types of exercise.

Aerobic Wingate Interval

Capacity Test Test training
Maximum power 4.16 £0.29 1676 +3.26* | 6.76 +0.41"*
(W/kg)
Average power (W/kg) - 9.70 +0.79 5.74+£0.26™
Maximum heart rate 193.50 +5.54 190.60 + 3.66 190.90 + 4.17
(bpm)
Maximal blood lactate 12.24 +1.63 15.97 + 1.58** | 17.68 + 0.94*"*
(mmol/L)
RPE 17.30 £0.95 18.20 +1.23 18.40 +0.79

*p<0.05 **p<0.01 when compared with Aerobic Capacity Test; p<0.05,
##5 < 0.01 when compared with Wingate Test.

TABLE 4 Sleep parameters after different types of exercise.

Without any exercise

Aerobic Capacity Test

10.3389/fspor.2024.1367190

power achieved in the Wingate Test are significantly higher than
those in the Aerobic Capacity Test (p <0.01) and Interval Training
(p<0.01). Among the three types of training, post-Interval Training
resulted in the highest blood lactate concentration, significantly
higher than the Aerobic Capacity Test (p <0.01) and Wingate Test
(p<0.01). There was no significant difference in the maximum
heart rate of the subjects among the three types of training
(p>0.05), all exceeding 90% of the HRmax. Additionally, there was
no significant difference in the Rating of Perceived Exertion (RPE)
among the three types of training (p > 0.05).

3.2 Sleep parameters after different types
of exercise

The data in Table 4 indicates that there are certain differences
in the effects of the three types of exercises on sleep. After the
Aerobic Capacity Test and Wingate Test, sleep duration,
relaxation time, stress time, and the percentage of stress time all
showed a decreasing trend compared to the no-training
condition, but the differences were not statistically significant
(p>0.05). However, after Interval Training, sleep duration,
relaxation time, stress time, and the percentage of stress time all
significantly decreased (p <0.05) compared to the no-training
condition. The data showed that there was a significant increase
in HF/LF and a significant increase in RMSSD of HRV during
sleep compared to no-training after performing the Wingate Test
(p<0.05) and Interval Training (p <0.01). Interval training had
a more profound effect on sleep parameters than Aerobic
Capacity Test (p <0.01) and the Wingate Test (p <0.01).

4 Discussion

This study explores the influence of different types of exercise on
the sleep of youth speed skaters. The three types of exercises employed
in this study all fall under high-intensity activities, but they belong to
high-intensity aerobic exercise and anaerobic exercise, resulting in
variations in their effects on sleep. This study found that high-
intensity anaerobic exercise has a more profound effects on sleep,
especially concerning stress duration and heart rate variability.

Factors influencing athletes’ sleep can be categorized into exercise-
related and non-exercise-related factors (2, 24). Exercise-related

Wingate Test Interval training

Sleep duration (min) 478.50 +42.84 468.40 £23.27 455.70 £ 42.06 418.60 + 448555+
Relaxation time (min) 422.10 £ 59.38 419.10 £+ 30.50 380.40 + 59.95 329.20 + 545458+
Stress time (min) 50.00 +42.77 40.50 £16.30 63.50 +23.89* 84.20 + 20.69%+*
Percentage of stress time to sleep duration 10.52% + 8.96% 8.68% + 3.49% 14.22% + 5.91%* 20.47% + 6.16%%"
Average HR (bpm) 52.70 £2.94 51.10+2.13 51.50 £ 0.97 51.80 + 1.48
Average RespR (L/min) 15.55+1.24 14.78 £ 0.99 14.89+1.11 14.87 £1.25
RMSSD (ms) 76.65 % 20.65 76.77 + 14.66 65.93 +7.15* 57.43 + 9,885+
LF/HF 1.76 £0.33 1.85+0.16 2.06 +0.12% 2.42 +0.21%%x0

¥ <0.05, ¥p < 0.01 when compared with Without Any Exercise; *p < 0.05, **p < 0.01 when compared with Aerobic Capacity Test; *p < 0.05, **p < 0.01 when compared

with Wingate Test.
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factors include high training loads, nighttime competitions, long-
distance travel, pre-competition nights, morning training, and
unfamiliar training environments, among others (6). Compared to
the general population, athletes are more significantly affected by
training, competitions, and travel.

Halson et al. (6)conducted a sleep survey on 479 athletes from
various events participating in the Tokyo Olympics (371 female
athletes, 108 male athletes). The results revealed that more than
half (52%) of the athletes experienced poor sleep quality. The
prevalence of sleep issues among elite athletes has garnered
attention. Addressing athletes’ sleep problems, Sargent et al. (19)
approached the question of “how much sleep one should get”
and found that elite male and female athletes perceived a need
for 8.3 h of sleep for adequate rest. However, 71% of athletes
were unable to meet this requirement.

Athletes must adhere strictly to coaches’ training plans to ensure
optimal performance in major competitions (25). However, high-
level athletes are constantly at risk of overtraining, which can lead
to sleep issues. For example, in one study, athletes in the
overtraining group had less sleep duration compared to the
normal training group and acute fatigue group (26-28).

The different intensities and types of exercise lead to varied
effects on sleep (29). Generally, low-intensity exercises such as
jogging and yoga are believed to have the most positive effects on
athletes” sleep quality (30). Research indicates that after engaging
in low-intensity exercise, athletes experience relatively shorter sleep
onset times, fewer nighttime awakenings, and an improvement in
the proportion of deep sleep. Low-intensity exercise helps alleviate
physical fatigue, reduce excitatory hormone levels, and facilitates
athletes in entering a restful state more easily.

Studies indicate that sleep after high-intensity exercise typically
exhibits characteristics such as prolonged sleep onset, reduced deep
sleep, and increased nighttime awakenings (13, 31, 32). This may be
linked to physiological activation, elevated body temperature, and
changes in hormone levels post-exercise. However, it is important
to note that individuals vary in their adaptability to high-intensity
exercise, and some athletes may find it easier to adapt while
maintaining a normal sleep pattern. High-intensity exercise
significantly influences the hormone levels of athletes. Exercise
induces the release of excitatory hormones such as adrenaline,
noradrenaline, and growth hormone, which play essential roles in
alertness and stress responses. However, if high-intensity exercise is
performed before bedtime, it may lead to excessively elevated
hormone levels, making it challenging for athletes to quickly enter a
state of rest, effecting their sleep onset time and depth (16, 31, 32).

The mechanisms of high-intensity exercise on athlete sleep
primarily involve activation,

physiological elevated body

temperature, hormonal fluctuations, muscle fatigue, and
psychological stress (3, 33, 7). The physiological activation
induced by high-intensity exercise may serve as a key factor
influencing sleep. High-intensity exercise stimulates the release of
excitatory hormones such as adrenaline and noradrenaline,
increasing the athlete’s alertness and arousal, thereby leading to
increased difficulty in falling asleep (34). Another mechanism
that may affect sleep is the elevation of body temperature

following high-intensity exercise. Post-exercise, body temperature
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rises and remains elevated for a period, while sleep typically
occurs in an environment where temperature gradually decreases.
The divergent trends in body temperature may disrupt the
regulation of the circadian rhythm, effecting sleep quality (35).
Muscle fatigue and the sensation of soreness induced by high-
intensity exercise may influence the athlete’s sleep onset and sleep
quality (1). This discomfort may lead to an uncomfortable sleeping
position, thereby affecting uninterrupted sleep throughout the night.
High-intensity exercise is often accompanied by psychological stress.
This stress may predispose athletes to the risk of insomnia, effecting
their
psychological

overall sleep performance. The relationship between

stress and insomnia is bidirectional, wherein
psychological stress may be a cause of insomnia, and insomnia itself
may contribute to increased psychological stress in athletes (33, 36, 37).

Significant fluctuations in hormone levels are also a focal point
of research. Following exercise, particularly high-intensity
anaerobic exercise, the release of excitatory hormones may
heighten the athlete’s alertness. This hormonal fluctuation can
result in prolonged sleep onset and reduced deep sleep.
Interestingly, different types of anaerobic exercise may have
varying effects on hormone levels, necessitating further in-depth
research to elucidate this relationship (38).

This study found that in high-intensity exercise, different types
of sports also have varying effects on sleep (39). Based on the
results of this study, we speculate that the prolonged accumulation
of lactate and prolonged excitation of the nervous system caused
by interval training may be crucial factors contributing to this
difference, with the sustained activation of the nervous system
playing a potentially more significant role. The differences in the
effects on sleep also necessitate high-level athletes to engage in
thorough cool-down activities and proactive recovery after high-

intensity anaerobic training, thereby minimizing the effects on sleep.

5 Conclusions

High-intensity anaerobic exercise has a more profound effect
on athlete sleep, primarily resulting in decreased sleep duration,
increased stress duration, decreased RMSSD, and elevated LF/HF.
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