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Abstract: Background: The aim of this study was to evaluate the effects of 72-h sleep deprivation on
normal daily activities (work, family, and sports), and to investigate whether sleep can be chronically
reduced without dangerous consequences. Methods: The participant in this study was an adult male
(age 41 years; mass 69 kg; height 173 cm). During the 72 h, data were collected every 6 h, involving a
baseline (pre-deprivation). We monitored various parameters: Oxidative Stress (D-Rom and Bap test),
Psychological Responses (test POMS and Measure of Global Stress), Metabolic expenditure (k]) using
a metabolic holter, EEG records, Cortisol, and Catecholamines level. Results: An interesting result
was observed in the post-test phase, when a brief moment of deep sleep and total absence of a very
deep sleep occurred, while an almost normal condition occurred in the pre-test sleep. Conclusion:
During the 72-h sleep deprivation, no psycho-physiological stress was recorded. The participant has
remained within the threshold of well-being. Only a peak was recorded during the 66th hour, but it
was within the wellness threshold.
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1. Introduction

Sleeping is a physiological process with a circadian pattern that is regulated by the suprachiasmatic
nucleus, which is usually related to the light-dark alternation. This alternation determines specific
behavioral habits: In general, daily and work activities are performed during the light hours, while the
dark hours are dedicated to sleeping.

Several studies have addressed this topic, describing what happens during the hours of sleep.
A night of sleep can be divided into phases, which are macroscopically divided into non-REM phase
and REM phase [1]. The former is represented by a moment of rest and refreshment; the latter, which
is typical of sleep, is characterized by vivid dreams and, among other things, it is essential for the
learning processes [2].

The effects of total sleep deprivation on human beings are well documented: Evidence
suggests that the consequences of sleep deprivation lead to significant physical and behavioral
modifications [3-13]. Sleep deprivation has been shown to influence physiological and psychological
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functioning, having a negative effect on cognitive and psychomotor performance and mood state,
partially due to decreases in creatine levels in the brain. While exercise tolerance is clearly regulated
by autonomic and endocrine functions, several studies have reported no changes in exercise
tolerance except for time to exhaustion under sleep deprivation. These findings suggest that the
psychological effects of acute sleep loss may contribute to decreased tolerance of prolonged heavy
exercise [14-16]. Martin [17] showed that the effect of sleep loss depends on the nature of the motor task.
For example, some studies suggest that exercise is not adversely affected by sleep deprivation [18-20].
One determinate factor is the length of sleep deprivation. VanHelder and Radomski [21] concluded
that sleep deprivation up to 72 h does not affect muscle strength or reaction but does decrease time to
exhaustion. Other researchers, however, have reported performance decrements at sleep loss durations
of less than 45 h [22]. However, conflicting findings mean that the extent, influence, and mechanisms
of sleep loss affecting exercise performance remain uncertain. For instance, research indicates some
maximal physical efforts and gross motor performances can be maintained [23].

Extreme sports are part of a particular type of sport, where those who approach this practice
feel more than others the need to go “beyond the limit”, to try to experience life in a different way,
“to be alive”. This search for the limit is not made to challenge life but, to the contrary, to live better,
because we perceive our body and our life body in a stronger way if we experience a condition of
hyperactivity [24-30], when our safety could be compromised, or when there are no more physical
certainties (such as balance, orientation, etc.) [31-35].

The objective of this research was to assess whether 72 h of abstention from the regenerative rest
that only the sleep phase can give, accompanied by a normal daily activity, work, family, and sports,
can provide, by monitoring of various parameters, interesting information on the processes that are
triggered during an effort or a prolonged stress.

2. Materials and Methods

An ultra-endurance walker who broke the “Longest Marathon Nordic Walking” Guinness World
Record, and who decided to know his body in depth, feeling more than others the need to go “beyond
the limit”, carried out this research [36].

The volunteer participant in this study was an adult male (age 41 years; mass 69 kg; height 173
cm), with normal sleep habits involving 8 h sleep per night. He was in good health, neither taking
drugs nor reporting any sleep disorders. His training schedule consisted of 10 h per week distributed
in outdoor and indoor sport sessions. Four training sessions per week were carried out in the gym
for resistance exercise and three sessions were devoted to walking Nordic technique, a form of fast
walking with two poles.

The procedures were conducted in accordance with the Declaration of Helsinki, and were
performed with university human ethics committee approval. The participant was provided with
a full explanation of the protocols prior to commencement of the study, and he gave his written
informed consent for all tests. During the 72 h sleep deprivation the participant was in the company
of supervisors participating in the experiment. He spent the following day on his usual activities
(work and daily routines). Killgore et al. [37] showed that caffeine and glucose seems to be a good
countermeasure for neutralizing the effects of sleep deprivation on performance and on some indices
of attention. For this reason, the participant was requested not to consume kiwi, avocado, bananas,
coffee, tea, chocolate, dried fruit, and sweets 24 h prior to the testing.

The parameters that were monitored during the 72 h of sleep deprivation were:

(a) Oxidative stress

The reactive oxygen metabolites (d-ROMs and BAP-test) assessment [38] was used to measure the
oxidative stress. In particular, this test measures the ability “oxidant” of a plasma sample with regard
to a specific substance (amine-reactive aromatic) used as an indicator (chromogen). The phenomenon
is associated with the gradual and progressive color change towards the pink of the reaction mixture
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(plasma + chromogen), which is initially colorless. The color change is measured by a special device
(photometer), which converts the oxidizing capacity so determined into a “number”.

(b) Measurement of energy expenditure

Metabolic expenditure (k]) was monitored for the whole event by means of a metabolic holter
(SenseWear Armband Pro, Bodymedia, Pittsburgh, PA, USA) [39].

(c) Heart rate

A wearable electronic device was used to assess the electrical and muscular functions of
the heart [40]. An electrocardiogram (ECG) was performed at the beginning and at the end of
sleep deprivation.

(d) Salivary cortisol assay

Salivary cortisol and catecholamine levels (epinephrine and norepinephrine) were measured
by using blood sampling. An hour after the beginning (7:00 h) and at the end of the experiment,
a 5-mL venous blood sample was taken by venipuncture from a forearm vein. Venipuncture was
done to obtain the blood specimen from an antecubital vein. The blood was collected in two 3.5 mL
Vacutainers™. Plasma was separated by centrifugation at 800x g for 20 min, and the supernatant
(serum) was transferred into a polypropylene tube, which was then stored at —80 °C until analysis.

(e) Psychological assessment

e An abbreviated 30-item version of the Profile of Mood States (POMS) was used for measuring
mood [41]. Respondents must complete the POMS questionnaire by rating each item on a 5-point
Likert scale, ranging from ‘Not at all’ to ‘Extremely’. Internal consistency is extremely high
(r = 0.90). Items form six separate subscales: Tension-anxiety (T), depression—dejection (D),
anger—hostility (A), vigor—activity (V), fatigue—inertia (F) and confusion-bewilderment (C). The
subscale scores may be combined to form an overall measure of effect that is labeled as total mood
disturbance (Global score).

e The Psychological Stress Measure (PSM) was used to measure a global index of the state of
psychological stress [42]. The PSM is a 49-item self-report paper and pencil questionnaire. Internal
consistency is approximately 0.95. The subject was asked to answer questions about his/her
psychological stress condition using a 4-point scale (very much = 4, much = 3, little = 2, none = 1).

3. Results

The parameters were measured 13 times: The first measurement was performed the day before
the abstention from sleep considered baseline (T0); the T1 measurement was performed at 07:30 before
the start of sleep abstention; the subsequent measurements were performed at intervals of six hours
until its conclusion (T12).

The night before the abstention of sleep a metabolic holter was applied in order to check the
presence of significant changes to be recorded and due to anxiety before the beginning of the test.
During the nights of abstention from sleep, the subject undertook to carry out a small DIY project.
Heart rate during the experiment did not differ from the baseline, ranging between 130 and 160 bpm.

In Figure 1, it is possible to observe all the data measured during the 72 h of sleep abstention.
The results obtained are within the physiological values, despite the presence of oscillations.

In Figure 1, see the white-green box, we observe the values obtained by the subject during sleep
before the test and after, both 6 h in duration. The interesting element is observed in the post-test
phase, in which we note a brief moment of deep sleep and total absence of a very deep sleep (double
white circle), while an almost normal condition occurred in the pre-test sleep.
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Figure 1. Total data measured during the 72 h of sleep abstention.

Concerning energy expenditure, it can be observed in Figure 1, see the red—purple bands, that
during the phase in which the subject did not sleep for a total of 70 h 48 min, the daytime and nighttime
activities are aligned (in yellow sequence). Moreover, the energy expenditure is 3649 Kcal, at 3 MET’s,
in the active phase lasting 12 h 27 min, and 10,929 Kcal in total.

In the figure, see the box in the blue-pink column, there are two moments, of about 36 min each,
where the subject reported that he sat in a chair, never lying, being at total muscle rest (flat yellow
trace); primarily between the hours 5:00-7:00 am, where there is about 24 h of sleep abstention, and
where a glare of deep sleep occurred (circled in white).

It should be noted that the amplitude of the deep sleep flash is very minimal compared to the
overall window of the “sitting” condition. We also report what was reported by the subject during the
last phase of abstention, precisely from 03:00, “I perceive as if time has stopped and I am waiting with
great determination for the return of daylight in order to feel physically in tone and vigorous again”.

Table 1 shows the values obtained in the Profile of Mood States (POMS) and the Psychological
Stress Measure (PSM). There is a slight modification with a peak at T11 in the PSM values, but it
remains inside the wellness threshold.

Table 1. Profile of Mood States (POMS) and Psychological Stress Measure (PSM) total scores.

PSM (Stress

Measure) Tension Depression Anger Vigor Fatigue Confusion
Basal 66 41 51 43 53 39 37
TO 68 44 46 40 41 39 41
T1 (6 h) 66 46 42 41 38 41 41
T2 (12 h) 69 43 43 41 36 41 43
T3 (18 h) 60 41 42 40 36 39 41
T4 (24 h) 68 41 43 45 28 39 50
T5 (30 h) 66 41 42 40 38 39 41
T6 (36 h) 67 41 43 40 38 39 37
T7 (42 h) 62 41 42 40 33 41 43
T8 (48 h) 70 39 42 40 29 41 43
T9 (54 h) 68 43 43 43 33 39 41
T10 (60 h) 63 43 45 40 48 41 37
T11 (66 h) 73 41 42 41 28 41 41

T12 (72 h) 63 41 43 40 28 41 41




J. Funct. Morphol. Kinesiol. 2019, 4, 17 50f8

Table 2 shows how the values obtained at the reactive oxygen metabolites (d-ROMs and BAP test)
assessment are placed at both TO and T12 below the minimum regulatory value. The values obtained
from the measurement of catecholamines and cortisol (Table 2) are covered within the reference
normative values, namely catecholamines 115.5 at TO to move to 137 to T12 while the cortisol is 13.7 to
15.7 at TO to switch to T12, even if there are slight increases in what is not significant.

Table 2. Values TO and T2 catecholamines, cortisol, reactive oxygen metabolites (d-ROMs) and Biological
Antioxidant Potential (BAP) (test).

TO T12 Normal Ranges
Catecholamines 115.5 137 (90-720)
Cortisol 13.7 15.7 (3.7-19.4)
d-ROMs 190 190 (250-300)
BAP (test) 2690 2690 (>2200)

d-ROMs: reactive oxygen metabolites; BAP: Biological Antioxidant Potential.

4. Discussion

Sleeping is essential for every individual and the quality of sleep is a cornerstone of human
physiology. In fact, in the last decades, there have been an increasing number of works on this topic,
and much scientific evidence has shown that sleep disorders, such as insomnia and extremes of
sleep [43—45], are able to act negatively on immune defense, increasing the risk of inflammation and
contributing to all-cause mortality [46,47]. Though inadequate sleep has been associated with impaired
cognitive and emotional function, in this study, no major psychological and physiological changes
were observed. In fact, these parameters remain in a normal range.

It is well known that an alteration of the inflammatory mechanisms is able to increase the risk of a
wide spectrum of medical conditions. The possible relationship between quality of sleep and physical
activity is still under discussion. According to the results obtained by Semplonius and Willoughby [48]
it seems that physical activity allows you to sleep better or even less frequently. The research group of
Kirschen recently noted that the subjects who seem to be more susceptible to the manipulation of sleep
are those athletes who play sports that require speed, tactics, strategy and technical skills [49-52].

5. Conclusions

In conclusion, the participant, a sportsman of endurance, chose to abstain from sleep for 72 h,
in order to assess if and to what extent his mood changed. The physiological and psychological
parameters remained within the threshold of wellbeing for the entire duration of the test. Therefore,
we argue that in an endurance athlete the results obtained by Semplonius and Willoughby [39] are
confirmed. It is probable that a person who has practiced sport for many years has probably obtained
the benefits induced by sport on the quality of sleep, so less frequent sleep fails to affect their mental
and physical well-being.
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