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ABSTRACT

Introduction: Sleep deprivation is one of the factors affecting the physiological performance of athletes and
laboratory evidence has suggested a link between sleep deprivation and decreased physical performance of
athletes. The aim of this study was to determine the effect of sleep deprivation on objective and subjective
physiological responses of student-athletes.

Material and Methods: The research is experimental. Twenty male volunteer sports science students selected
and examined in two conditions with simple random selection in counter balanced intra-group pattern.
Participants examined at two controlled situation; 1) after twelve hours fasting and eight hours enough sleep,
and 2) after twelve hours fasting and thirty hours quiet sleeplessness. Measurements of physiological variables
including: blood pressure, heart rate, blood lactate, mental scale of pressure perception, VO2max and body
temperature were examined with specialized tools. Variations in independent variable related to intervention
were analyzed using t test in the significance level of P<0/05 and SPSS software.

Results: Physiological responses of blood lactate (p = 0.002), heart rate (p = 0.01), ratings of perceived exertion
(p = 0.002), time to exhaustion (p = 0.001), blood pressure (p = 0.01) =) and body temperature (p = 0.002),
after deprivation of sleep to a debilitating activity in the post-test compared to the pre-test increased and the
maximum oxygen consumption (p = 0.001) decreased significantly, which was also statistically significant. The
findings of the present study showed that sleep deprivation can cause a significant change in the objective and
subjective physiological responses of sports students.

Conclusion: According to the results of the present study, it was found that 30 hours of sleep deprivation caused
significant changes in the objective and subjective physiological responses of athlete students. In a general
conclusion, the findings of the present study showed that sleep deprivation should be mentioned as one of the
potential limiting factors of physiological function.
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1. INTRODUCTION

Every individual spends one-fourth to one-
third of his/her life sleeping. Despite this relatively
high portion, there is little scientific consensus
on the real performance of sleep. Sleeping is the
biggest source of rejuvenation that relaxes the
nervous system and provides the physical and
mental strength required to relieve fatigue (1).
Studies conducted in sleep deprivation started
in 1950, when many of the vague issues have
been clarified and significant progress has been
made regarding the impact of sleep deprivation
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on human performance. Studies have revealed
that sleep deprivation and the resulting fatigue
can lead to physical and mental disruption and
health problems such as gastrointestinal disorders,
cardiac issues, and unsafe behavior and distraction
in the workplace in long term. On the other hand,
adequate sleep can improve health, reduce stress,
and increase optimal performance (2). Sleep
deprivation harms the immune system activity,
reduces glucose tolerance, increases blood pressure
and the risk of cardiovascular accidents, reduces
the maximum activity level and personal talent,
and leads to nervous fatigue, distraction, and loss
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of motivation to work (2, 3). People suffering from
sleep deprivation can include hospital staff, laborers,
military staff, or sportspeople who travel to various
regions and time zones. Working on shifts is another
significant factor contributing to sleep deprivation
and reduced sleep quality (4). Besides, people who
climb to high altitudes or use equipment such as
hypoxia tents have reported poor sleep quality
and an increased number of awakenings (5). Sleep
disorders in sportspeople might be due to jet lag,
stress, and high-intensity training, and lead to
negative impacts on the immune system, increase
heart rate, reduced oxygen consumption during
physical activity, and hormonal changes. Results of
previous research indicate that aside from suffering
from sleep disorders due to the long travels and
anxiety before matches, athletes are sleep-deprived
during regular training (due to the consumption of
coffee and tea and watching TV in bed) as well as the
matches taking place in the early hours of the night
(6). Results of sleep deprivation have been reported
to include reduced mental performance and
stability in physiological parameters such as heart
rate and maximum oxygen consumption. Some
studies suggest that the period of sleep deprivation
impacts performance. For instance, Van Holder
and Radmowski (1989) reviewed several studies
conducted over 1979-1985 and concluded that
sleep deprivation for no more than 20 hours does
not affect physical abilities such as strength and
cardiorespiratory responses to exercise (7). Baisy
et al. (2007) and Cortus et al. (2010) demonstrated
in separate studies that sleep influenced optimal
athletic performance, cognitive function, and
recovery, and reduced the risk of injury in sports
(8, 9). Previous research has revealed that sleep
deprivation weakens the immune system and
reduces the hypothalamus, pituitary, and adrenal
glands in the following days reduces glucose
tolerance, increases blood pressure and the risk of
cardiovascular accidents, and reduces maximum
activity level and anaerobic strength (11). In terms
of the influence of sleep deprivation on physical
factors and physical fitness, it has been revealed
that the heart rate after sleep deprivation declines
significantly during the maximum performance
(12). Given the aforementioned and the presence
of contradicting studies and results regarding
athletic performance under the influence of
intense sleep deprivation, the present study seeks
to find the answer to the substantial question that
whether sleep deprivation has a significant impact
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on the mental and physical physiological responses
of athletes. Many studies have been conducted
inside and outside of the country investigating the
influence of sleep deprivation on various factors.
However, no study was found in the literature
review on investigating the impact of sleep
deprivation on the mental and physical responses
of athlete students. Besides, the influence of sleep
deprivation on a wide range of mental and physical
physiological responses to exhausting training
is challenging. Thus, the present study seeks to
investigate the impacts of sleep deprivation on
mental and physical physiological responses.

2. MATERIAL AND METHODS

The research method of the present study is
quasi-experimental. The study acquired the ethics
confirmation from the Secretariat of the National
Ethics Committee based in the university with
an ethics code of IRRAZIREC.1398.010, and
was then conducted on the physically active male
students at the faculty of sports sciences in Razi
university of Kermanshah, among whom 20 people
were selected through convenience sampling and
participated in the study. The participants were
placed in either of the two studied positions using
a simple intra-group random selection design
with reciprocal weight (Figure 1). The participants
in the control position were examined after 12
hours of fasting and eight hours of adequate sleep,
and the participants in the test position were
examined after 12 hours of fasting and 30 hours
of complete sleep deprivation in the dormitory
under controlled conditions (type and amount
of nutrition, activity, etc.). The sleep deprivation
method was that the participants were kept awake
from 6 A.M. the morning before the test until
11 A.M on the morning of the test for 30 hours.
Both of the groups with adequate sleep and sleep
deprivation underwent exhausting activities at 11
A M. The Bruce, Kiyosemi, and Hassmer (1973)
exercise test is a multi-step treadmill protocol in
which the workload increases by changing the
slope percentage and rotation speed. Participants’
cardio-respiratory fitness and aerobic capacity
were assessed using Bruce’s exhaustion protocol
by a Pulsar treadmill (Figure 2). Maximum
oxygen consumption was estimated based on the
exhaustion time using the following formula:

Vo2max = 14.8 - (1.379 x T) + (5.451 x T2) -
(5.512 x T3)
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Table 1. Personal characteristics of study participants (mean, standard deviation, number = 20 people)

Variables Average SD
Age (years) +2
Height (cm) 175/5 +6/5
Weight (kg) + 8/5

BMI 24/75 +0/95

(Kg / m2)

Table 2. Paired t-test to examine the difference between objective and subjective physiological responses to debilitating activity in terms
of control and sleep deprivation in student-athletes

Variables situation Average
VO2max Control 50/47
(Ml / kg / min) Insomnia 48/76
. . . Control 13/9
Fatigue time (min) K
Insomnia 12/31
Blood lactate Control 5/19
(Mmol / liter) Insomnia 6/31
Resting blood
pressure (systolic) Control 113/5
(mm Hg) Insomnia 115/5
Resting blood
pressure (diastolic) Control 76/19
(mm Hg) Insomnia 78/59
Postoperative
blood
00 prevssure Control 156/2
(systolic) .
Insomnia 156/21
(mm Hg)
Postoperative
blood
00, pres.sure Control 85/98
(diastolic) .
Insomnia 85/99
(mm Hg)
Resting heart
esting ear. rate Control 66/2
(Beat / min) .
Insomnia 67/1
Heart rate after
activity Control 196/9
(Beat / min) Insomnia 197/4
Control 91/25
Borg scale Insomnia 97/85
oty éer;lp erature Control 36/2
(Gl Insomnia 38/1

Blood lactate was measured using the Pulsar
device immediately after the exhausting training
using a blood sample from participants’ fingertips
in the standing position, their heart rate was
measured using a Polar device, and their blood
pressure was measured using the Brisa device in
the resting state after the exhausting training. The
participants’ perceived exertion was also measured
using Borg’s perceived exertion scale at the end of
each exhausting activity in both control and test
groups.

[ DOR!

SD t p-value
+0/58
+1/03 8/79 0/001
+0/13
+0/52 14/27 0/001
+0/64
+1/1 -7/36 0/002
+3/81
+3/78 -13/33 0/042
+1/62
+1/92 -12/43 0/016
+3/68
+6/66 -1/83 0/083
+1/53
+1/52 -1/9 0/073
+3/54
2/65
+3/4 / 0/016
+2/9
+2/16 2/52 0/021
+4/64
+6/21 -8/99 0/001
+0/4
+0/55 -17/1 0/002

3. RESULTS AND DISCUSSION

Table 1 demonstrates the results regarding
the frequency, mean, standard deviation, and
respondents’ characteristics (age, weight, height,
and BMI).

Table 2 presents a comparison between the
changes in the dependent variables resulting from
the intervention using dependent t-test in pretest
and posttest at the P<0.05 significance level.

This table demonstrates the pretest and
posttest results of the research variables in the two
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positions of adequate sleep and sleep deprivation.
The physiological responses of blood lactate blood
lactate (p=0.002), heart rate (p=0.01), perceived
exertion scale (p=0.002), time of fatigue (p=0.001),
blood pressure (p = 0.01), and body temperature (p
= 0.002) increased in posttest compared to pretest
in the sleep deprivation group following exhausting
activity, while oxygen consumption (P=0.001)
declined significantly. Results of the present study
indicated that sleep deprivation leads to significant
changes in mental and physical physiological
responses of athlete students.

As mentioned earlier, sleep deprivation can
influence a human’s physiological capabilities
significantly. The results of the present study
indicated that 30 hours of sleep deprivation
decreased the VO2max of male students in the
test conditions (sleep deprivation) compared to
the control condition (adequate sleep). There
are few studies conducted on the impact of sleep
deprivation on the VO2max response, which
was addressed in the present study. Results of the
present study are consistent with the results of
Moeini et al. (20), Pond et al. (21), and Learthart
et al. (22). However, the results are inconsistent
with the results of Martin et al. It was demonstrated
in another case that 30 hours of sleep deprivation
reduced the time of reaching fatigue in active
male students (Table 2). It can be observed based
on the results of the study that 30 hours of sleep
deprivation influences the tie of reaching fatigue.
Among the studies consistent with the present
study, the studies of Moeinin et al. (2014), arazi et
al. (2011) (24), and Larthart et al. (2000) could be
mentioned. No inconsistent studies came up in the
author’s search for such studies. It was mentioned
in other findings that 30 hours of sleep deprivation
could have a significant impact on blood lactate
level immediately after the exhausting activity.
It can be argued based on the results of the study
that blood lactate increases immediately after
exhausting activity following 30 hours of sleep
deprivation. Among the results consistent with
the results of the present study, one can mention
the findings of Arazi et al. (2014). It was revealed
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in another case that 30 hours of sleep deprivation
influenced heart rate in the resting state and after
the exhausting activity, which is consistent with the
results of Born et al. (25). Results of the statistical
analysis on the data obtained regarding blood
pressure following 30 hours of sleep deprivation
indicated that sleep deprivation increases resting
blood pressure significantly (Table 2). However, the
influence of sleep deprivation on blood pressure
after the exhausting activity was not significant,
which is consistent with the results of Ogawa et al.
(2003) and Kato et al. (2000). Among the results
inconsistent with the present study, the study
of Martin et al. (2000) could be mentioned. It is
noteworthy that the difference in these values might
be due to the type of sports protocol implemented
after sleep deprivation and the participants’
physical activity since Martin et al. used sedentary
people in their study. Results of statistical analysis
on the data obtained regarding the perceived
exertion following 30 hours of sleep deprivation in
the various stages of exhausting activity revealed
that sleep deprivation can significantly increase
the perceived exertion at various stages of the
exhausting activity compared to the state f adequate
sleep. The author’s search revealed no study results
inconsistent with this result. It should also be
mentioned that analysis of the results indicated
that students’ body temperature increased after 30
hours of sleep deprivation.

4. CONCLUSIONS

Results of the present study indicated that
sleep deprivation and sleep disorders cause
negative psycho-physiological impacts on athletes
and biochemical changes in their blood that can
influence their performance. Athletes need more
sleep compared to people with sedentary lifestyles
due to their athletic needs that influence their
sleep time and quality. Thus, athletes and coaches
are recommended to prevent the athletes from
sleep deprivation during training and competition
by understanding the factors that lead to sleep
deprivation to keep them safe from its negative
consequences.
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