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Abstract

Résumé

The restorative qualities of sleep are fundamentally the basis
of the individual athlete’s ability to recover and perform, and
to optimally be able to challenge and control the effects of
exercise regimes in high performance sport. Research consistently shows that a large percentage of the population fails
to obtain the recommended 7–9 hours of sleep per night [17].
Moreover, recent years’ research has found that athletes have
a high prevalence of poor sleep quality [6]. Given its implications on the recovery process, sleep affects the quality of
the athlete’s training and outcome of competitions. Although
an increasing number of recovery aids (such as cold baths,
anti-inflammatory agents, high protein intake etc.) are available, recent years research show the important and irreplaceable role of sleep and that no recovery method can compensate for the lack of sleep. Every facet of an athlete’s life has
the capacity to either create or take out energy, contribute to
the overall stress level and subsequently the level of both
recovery and performance. While traditional approaches to
performance optimization focus simply on the physical
stressors, this overview will highlight the benefits and the
basic principles of sleep, its relation to recovery and performance, and provide input and reflect on what to consider
when working with development and maintenance of athletic performance.

Les qualités régénératrices du sommeil constituent la base
fondamentale de la capacité de récupération et de performance de l’athlète, et son aptitude à appréhender les hautes
charges d’entrainement inhérentes au sport de compétition.
Les études démontrent de manière répétées que les athlètes
peinent à atteindre les 7 à 9 heures de sommeil recommandées et qu’ils souffrent en plus d’une prévalence élevée de
perte de qualité de sommeil. Au vu de son rôle dans la récupération, le sommeil impacte la qualité de l’entrainement et
les résultats des compétitions. Bien qu’un nombre croissant
d’aides à la récupération existent (bains froids, agents anti-inflammatoires, alimentation protéinée, etc.), les études récentes qu’il est impossible de compenser adéquatement un
manque de sommeil. Chaque aspect de la vie de l’athlète peut
potentiellement contribuer à l’amélioration ou la péjoration
du niveau d’énergie, de stress et en conséquence du niveau
de récupération et performance. Tandis que les approches
traditionnelles d’optimisation de la performance se focalisent
sur les stresseurs physiques, cette revue va mettre en évidence les bénéfices et les principes de base du sommeil, sa
relation avec la récupération et la performance, et fournir des
informations sur ce que l’on doit prendre en considération
dans le travail de développement et maintien de la performance.
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Introduction
Sleep and fatigue represent some of the most significant
pieces of the human performance puzzle, and the relationship
between sleep, post-exercise recovery and performance in
elite athletes has become a topic of great interest in the sport
science and medicine community over the past years. Further, more and more athletes have made the subject a matter
of attention. Roger Federer and LeBron James have told that
they sleep an average of 12 hours a day. In comparison, the
average Australian sleeps less than 7 hours a day. Usain Bolt,
Venus Williams, Maria Sharapova and Steve Nash prefer to
sleep up to 10 hours a day. Just as athletes need more calories
than most people when they are training, they need more
sleep too. However, sleep is often compromised by athletes
as a result of their busy schedules, matches being played at
different times, travel, intrusion of technology, external requirements in their lives such as family and events, mental
imbalance, as well as a general lack of useful strategies on
how to change behaviour and increase sleep output. These
challenges can inhibit normal sleep physiology and promote
an increased occurrence of injuries, stress, diseases, under-performance, and demotivation. All together act as barriers for optimal performance. A growing body of scientific
evidence has confirmed that there is a critical link between
sleep and circadian rhythm factors, cognitive processes and
the metabolic function (1–5). Hence, proper sleep is a strategy that contributes significantly to recovery and is an influential factor in avoiding overtraining.

sleep duration and sleep quality is often neglected when optimizing recovery and competition performance. As an example, a study of precompetitive sleep behaviour in 103 athletes
found that the majority slept less than 8 hours, and 70% reported worse sleep quality than usual, largely attributable to
mood and anxiety disturbances before competition [20]. Sleep
deprivation leads to poor performance, reduced motivation
and arousal levels, and reduced cognitive processes leading to
poor attention and concentration, and heightened levels of perceived exertion and pain perception. Limitations to physiological processes include disrupted glucose metabolism and
neuroendocrine functioning, a compromised immune system,
and reduction in cardiovascular performance [14].
This alludes to the need of greater attention and education
of not only the athletes, but the medical- and performance
staff working with them, as subsequently, sleep deprivation
leads to disruption of training intensity and performance at
competition [11].
The aim of this overview is therefore to provide basic
knowledge about sleep and its link to recovery and performance with reference to recent research. Further, the overview will provide some hands on strategies and recommendations to help athletes optimize their sleep and recovery, so
it becomes a consistent focus in their performance enhancement.

The Basic Physiology of Sleep
Sleep cycle and key sleep stages

Figure 1: The connection between sleep challenges and
underrecovery.

Sleep is an active process during which key physiological,
neural and psychological recovery processes take place. Normal human sleep consists of 5 individual stages, involving
varied levels of consciousness and brain activity, occurring
over consecutive phases [16]. When a person lies in bed after
turning the light off, his mind is still active and brain and eye
activity indicate that he is still awake. As he drifts towards
sleep, the brainwaves slow down and take on regular patterns, indicating a relaxed, but still awake state. The stage is
termed the alpha stage of sleep. After a short time in this
stage, the brainwaves and breathing rate start to slow as stage
1 sleep is begun.
Sleep begins in non-rapid eye movement (NREM) and
progresses through deeper NREM stages (2, 3 and 4 using
the classic definitions or stages N2 and N3 using the updated
definitions) before the first episode of rapid eye movement
(REM) sleep occurs approximately 80–100 minutes later.
Thereafter, NREM sleep and REM sleep cycle with a period
of approximately 90 minutes. NREM stages 3 and 4 (or stage
N3) are concentrated in the early NREM cycles, and REM
sleep episodes lengthen across the night [22].

General recommendations suggest that 7–9 hours of sleep is
adequate for psychological and physiological recovery [17].
Additionally, it has been suggested that athletes require and
benefit from a greater quantity of sleep, requiring closer to
9–10 hours of sleep in order to recover sufficiently from injuries, intense training periods, and competitions [18,21].
At the same time, a recent systematic review of the literature has found that athletes have a high prevalence of poor
sleep quality [6]. Other research [7,8,9,10] confirms that sleep
deprivation is considered common amongst athletes, where
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Why Sleep is Important to Success in Athletic
Performance

Figure 2: Sleep stages
Stage 1 lasts for between 10 seconds and 10 minutes, where
the individual is still consciously aware of any environmental
change, meaning there is a high potential for awakenings to
occur, highlighting the need for an optimal sleeping environment (no loud sounds, lights off etc.). Before stage 1 occurs
and the onset of sleep begins, the body must be at a relaxed
state for 5–20 minutes, outlining the need for athletes to
avoid any form of stimulating activity (e.g. using electronic
devices) before beginning sleep. Stage 2 lasts for 10–20 minutes and is the beginning of actual sleep, followed by stages
3 and 4. Altogether, these are the deepest sleep stages. After
30–40 minutes of deep sleep, the process reverses through
stages 2 and 3 and enters the REM stage [16,22]. During the
deep sleep stage, muscle relaxation is complete and blood
supply at its lowest, allowing for optimal tissue growth and
repair. At the same time, growth hormone release is at its
greatest. Together the three factors allow for the restorative
processes required for physiological recovery to take place.
During REM sleep the sympathetic nervous system is at its
most active, and blood flow to the brain at its greatest. At this
time the eyes dart back and forth, despite being closed, hence
the name Rapid Eye Movement. It is at this stage that dreams
are most common and most vivid. REM sleep is essential for
optimal brain functioning and contributes to psychological
and emotional recovery. Additionally, it contributes to physical recovery on a neural rather than physiological level, with
the replenishment of neural transmitters (the chemical messengers that allow neurons to communicate) [16,22]. Without
REM sleep the ability to function on a physical, psychological and emotional level is compromised. As the greatest
amount of REM sleep comes in the later cycles, a continuous
period of uninterrupted sleep is essential for optimal functioning in these areas. REM sleep is important at all times,
but especially important during periods when high neural
stressors are present, such as during skill development or
periods of high-intensity exercise.

Sleep – A Game Changer in the Athletic World?

Several studies in sports have demonstrated that success in
training and competition is related to increased sleep duration and quality [6,18,19], as optimal sleep affects multiple
physiological and psychological pathways and so is fundamental for recovery and ultimately performance. Recent evidence confirms this aspect by highlighting that impaired or
decreased sleep is associated with an increased risk of injury.
In a study of middle and high school athletes, Milewski et al.
[28] found that those individuals who slept less than 8 hours
per night on average were 70% more likely to report an injury than those who slept more than 8 hours (see figure 3). In
addition, a recent study of 496 adolescent athletes from 16
different individual and team sports found that increased
training load and decreased self-reported sleep duration were
associated with an increased risk of injury. In fact, the greatest risk of injury resulted when training load increased and
sleep duration decreased simultaneously, as it is often seen in
competition related travel and training camps [29]. The underlying mechanism for the relationship between sleep loss
and injury is unclear, but may be related to resulting impairments in reaction time and cognitive function after sleep deprivation that could predispose to acute injury [29]. Also, impaired sleep may contribute to higher levels of fatigue that can
similarly contribute to injury risk in athletes (see figure 1).

Fig. 3: Likelihood of injury based on hours of sleep per night.
During sleep recovery is promoted largely through hormone
activity [25]. The sleep hormone melatonin is produced by
the neurotransmitter serotonin, which is stimulated by darkness and subsequently released from the pineal gland during
the night to prompt sleep. Melatonin regulates the circadian
rhythm in response to light and dark cycles with low and high
levels of secretion respectively [27]. In addition to acting as
an antioxidant, melatonin activates other pro-inflammatory
enzymes to neutralize oxidative radicals which harm cells
and promote tissue inflammation. Immune function is also
modulated through melatonin through both the nervous and
endocrine systems. Sleep promotes the restoration of the immune- and endocrine system, and research shows that decreased sleep has been shown to be immunosuppressive and
increase susceptibility to upper respiratory infections in particular [26]. Athletes also may be at increased risk for certain
medical conditions associated with impaired sleep. Although
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it is estimated to affect only 4% of the general population,
sleep-disordered breathing has been estimated to be present
in 14% of professional football players [37]. Given the detrimental effects that sleep-disordered breathing and obstructive sleep apnea can have on both health and athletic performance, a high index of suspicion should exist, particularly
among athletes with increased body mass and large neck
circumference. Restless legs syndrome is increasingly recognized as an important cause of poor sleep, perhaps more so
in athletes than previously suspected. Although moderate
exercise is recommended for individuals with restless legs
syndrome, a single survey of 61 marathon runners found that
13% met the criteria for restless legs syndrome, suggesting
that this may be a more prevalent condition among athletes
than previously suspected [38].
Furthermore, it is within the deep sleep (stages 3 and 4)
that growth hormones and androgens are released. These are
essential for muscle repair, muscle building, bone growth and
promoting the oxidation of fats [30].
The capacity to learn is essential to athletic development
and performance, and sleep is critical for memory consolidation. This has important implications for tactical development in athletic training and may be particularly important
among young athletes, who must concomitantly meet both
academic and athletic demands [31]. Although there are large
interindividual differences in the effect of sleep loss on executing function, sleep deprivation is associated with cognitive lapses and may significantly undermine tasks that require flexible thinking. One night of sleep deprivation also
has been found to have significant negative effects on inhibitory control [32], potentially undermining decision-making
during athletic competition. Further sleep loss has been
found to have a negative effect on a number of measures of
subjective well-being, including fatigue, mood, soreness, depression and confusion [33].
To recap: Poor sleep in athletes has been linked with
• An increased incidence of fatigue related injury
(12,28,29)
• Hormonal and metabolic disturbances (13,14)
• Elevated sympathetic nervous system activity (15)
• Immunosuppressive and increased the risk of infection
(26)
• Reduced reaction times (34)
• Negative performance outcome for endurance based
exercise (35)
• Increase in unstable emotional states (19)
• Reduced cognitive functions (31,32,33)

Barriers to Optimal Sleep among Athletes
Previous research has highlighted how common poor sleep
quality is among the athletic population. In a group of Olympic
athletes significant reductions in actual sleep (84.3 ± 5.7 versus
89.7 ± 3.3) and efficiency (80.6 ± 6.4 versus 88.7 ± 3.6, repeated stages of sleep cycle leading to optimal volume of REM
sleep) were identified in comparison to the control group of a
non-athletic population (9). Research has also explored the difference between habitual sleep patterns of individual and team
athletes, indicating that individual athletes slept and awakened
earlier and gained less sleep than team sport athletes [8].
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There are a number of barriers to proper sleep that should
be considered when attempting to optimize sleep and improve performance. Particularly in endurance disciplines,
training days can result in increased daytime fatigue and reduced total sleep time [6]. Moreover, in modern sports athletes’ sleep patterns often have to be adjusted due to travel
and scheduling requirements, fx late play off times, which
can trigger sleep disturbances and insomnia issues. Some of
the obstacles are described in Hugh H.K. et al [24] schematic presentation of the commonly encountered situations in
team sports that may compromise sleep patterns and potentially recovery.

Figure 4: Commonly encountered situations which might
compromise sleep and recovery among athletes in team
sports.
Travel for competition may directly interfere with performance due to alterations in sleep schedules and dissociations
with circadian rhythms. In addition to anxiety and stress related to travel itself, transmeridian travel and the associated
jet lag are linked with fatigue, disorientation, impaired sleep,
and general discomfort, all of which are a threat to athletic
performance [39].
Today’s athlete lives in a world where time and energy
demands are greater than ever. In addition to being athletes
on a daily basis, they have other roles and need to balance
many things. Hence, their energy requirements are above and
beyond those of the athletic world. Every facet of the athlete’s
life has the capacity to either create or take out energy, contribute to the overall stress levels, and subsequently the levels
of both recovery and performance. Sleep is part of the holistic whole and important for the athlete’s foundation. It is not
only important to observe a player’s “sleep” (what he/she
does at night), but also to determine the content of the athlete’s circadian rhythm, i.e. the behavior and choices (lifestyle) he/she makes throughout the day, which leads to
whether or not he is sleeping well.
It is important to note, that athletes have been found to
demonstrate poor self-assessment in terms of sleep need, duration, and quality, potentially making them less likely to
seek guidance or medical help when needed (23). In addition,
certain cultures appear to idealize the ability to function with
minimal sleep, potentially further inhibiting athletes from
obtaining adequate sleep or seeking help.
West

Commonly encountered challenges among athletes
• Get too few hours of sleep per night (Sub 7 hours/night
on average)
• Inconsistent sleep rhythm (No fixed bed/awake times)
• Poor sleep hygiene (Sleep in too warm rooms, too high
light exposure, use of electronics before and in bed,
sleep in the wrong clothes)
• Suffer from a racing mind (inability to actively disengage leading to a prolonged sleep latency and ultimately compromised sleep performance with regards to
both duration and quality)
• Long sleep latency (use more than 20 minutes (sometimes hours) to fall asleep. Occasionally have full nights
where they never get to sleep)
• Challenged to sleep post competition/game
• Uncontrolled napping (over-napping during the day)
• Uncontrolled intake of caffeine
• Unbalanced nutrition
Based on “in field work” – West, A, Sleep2perform

common approach to measure sleep within a performance
setting is to have the athletes complete sleep questionnaires such as the Pittsburgh Sleep Quality Index (PSQI),
or the Athlete Morningness/Eveningness Scale (AMES)
to determine individual as well as team challenges. The
method is predominant in previous research, however,
mainly focusing on specific sleep components (disturbance, sleep duration, time for falling asleep and time for
waking up) and recent research by Samuels, C. et al in
2017 [43] have highlighted that these measures are inadequate for subjective sleep screening of an elite athlete population, leading to the development of The Athlete Sleep
Screening Questionnaire (ASSQ) [43]. Longitudinal monitoring of training load, napping routines, nightly sleep,
fatigue, stress and mood might be a less cost efficient
method, however can help identify individual risk of burn
out and improvements in sleep, well-being and performance aligned with interventions and aid in the development of individualized sleep recommendations and enhanced performance [41]. See figure 5 for input on how to
enhance sleep.

Input on “How to unlock human potential through
sleep”
Given the significant implications for performance, health
and general well-being, a number of recommendations have
been suggested to monitor and improve sleep in athletes
[40,41,42]:
– Make “sleep” a part of the performance optimization
strategy. Invest in sleep like you invest in performance:
Athletes should be educated and more important learn to
prioritize sleep and ensure both duration and quality. Research has highlighted that athletes need more sleep than
the general population regardless of age. To facilitate these
adequate sleeping hours (optimal range 8–10 hours per
night), routines must be made where sleeping and waking
times are consistent, napping controlled, strategies on “active disengagement” (ability to turn your mind off to ease
the “falling asleep” process) are learned, ultimately stimulating the quality and quantity of nightly sleep. Improving sleep quality reduces sleep latency and enhances transition through the sleep stages, promoting volume of REM
sleep and therefore optimizing recovery and wakefulness
[16]. Sports medicine professionals and coaching staff
should prioritize and support these factors by providing
proper scheduling, travel protocols, and favor time- and
stress management, and sleep hygiene around athletes to
help them improve overall health and performance.
– Determine environmental and individual sleep challenges
and create strategies: Athletes in general and in particular
those who complain of poor sleep or excessive daytime
fatigue should be screened for medical conditions such as
insomnia, sleep disordered breathing, restless legs syndrome, depression, anxiety, or concomitant illness. Athletes may experience stress from a number of sources both
in and out of sport, and this may be especially true of
adolescent athletes who are attempting to manage both
academic and athletic demands within an already highly
pressurized social environment [42]. Early identification
and management of mental health issues in athletes are
critical for improved sleep, health and performance. A
Sleep – A Game Changer in the Athletic World?

Figure 5: Sleep hygiene – Things for athletes to consider
when optimizing Sleep

Conclusion
An increasing body of scientific evidence suggests that sleep
optimization can have a significant influence on optimal performance across a range of athletic activities. However, psychological, physiological and social stresses placed on elite
athletes often result in an increased stress/fatigue state and
presents a phenomenon which may result in an inability to
gain appropriate sleep. Improvements in sleep duration and
sleep quality appear to improve reaction time, accuracy, and
endurance performance. In addition, poor sleep may increase
the risk of injury and illness, reducing training availability
and undermining overall health. Athletes consistently
demonstrate insufficient sleep and poor sleep quality, and
experience a number of obstacles to proper sleep, including
training and competition schedules, travel, fluctuations in
training load, anxiety or stress associated with sporting
events, and competing scholastic demands in younger athletes. Sleep is important to all humans and even more so to
athletes. Longitudinal monitoring of sleep quality and quan41

tity can aid in detecting poor sleep patterns, and improving
an athlete’s sleep hygiene is seen as a key strategy that could
have powerful implications for athletic performance.
Recommendations and support for athletes should be specific to each individual, and continuous focus and education
should lead to athletes prioritizing sleep as a repeated performance enhancer. Peak competitive performance can only
occur when an athlete’s sleep is optimal.
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