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Abstract

The body of research that reports the relevance of sleep in high-performance sports is growing
steadily. While the identification of sleep cycles and diagnosis of sleep disorders is limited to
lab-based assessment via polysomnography, the development of activity-based devices
estimating sleep patterns provides greater insight into the sleep behaviour of athletes in
ecological settings. Overall, small sleep quantity and/or poor quality appears to exist in many
athletic populations, though this may be related to training and competition context. Typical
sleep-affecting factors are the scheduling of training sessions and competitions as well as
impaired sleep-onset as a result of increased arousal prior to competition or due to the use of
electronic devices before bedtime. Further challenges are travel demands which may be
accompanied by jet-lag symptoms and disruption of sleep habits. Promotion of sleep may be
approached via behavioural strategies, such as sleep hygiene, extending night-time sleep or
daytime napping. Pharmacological interventions should be limited to clinically-induced
treatments as evidence among healthy and athletic populations is lacking. As an aside, new
evidence is emerging that dreams can be used to deliberately practice during sleep (lucid
dreaming). How such practices impact on performance and recovery still requires further
examination. To optimise and manage sleep in athletes, it is recommended to implement routine
sleep monitoring on an individual basis.



Introduction

Sleep is increasingly gaining attention among sport scientists and practitioners as an important
element to optimise sport performance and recovery. In fact, the critical importance of sleep’s
restorative effects in daily life makes it an integral part of the recovery processes for athletes.'
For example, the high physical and mental stress imposed as part of normal athlete training and
competition routines requires appropriate recovery time to facilitate adaptive processes. Given
the role of sleep in metabolic, hormonal and cognitive regeneration from daily activities when
awake,> 3 appropriate sleep quality and quantity is of further importance for athletic
populations. Moreover, changes in sleep behaviour enforced by training and competition create
difficulties for athletes to obtain sufficient sleep to aid performance and recovery.* Accordingly,
the aim of this brief review is to summarise the role of sleep in athlete performance and
recovery; particularly, factors affecting sleep behaviour, the prevalence of sleep loss among
athletes, and recommendations for intervention strategies.

Definition and measurement of sleep

The sleep-wake continuum is regulated by the interaction of homeostatic mechanisms related
to circadian processes, alongside external environmental cues which determine the time and
duration of wakefulness and sleep periods.” More specifically, these processes underlie
endogenous functions, such as the thermoregulatory control of core body temperature;® as well
as exogenous mechanisms, including exposure to the daily light-dark cycle® which is regulating
the neurophysiology of sleep. In humans, sleep can be characterised based on two respective
stages, including rapid eye movement (REM) and non-REM sleep (NREM sleep).” In turn,
NREM sleep is further categorised by three stages representing a depth continuum, with
increasing arousal thresholds from stage N1 (light sleep) to N3 (deep sleep). In the course of
the night, NREM and REM sleep alternate in cyclic fashion, with higher proportions of NREM
in the first third of the night and expanding NREM episodes across the night.’

The measurement and classification of the respective stages of sleep are defined based on a
collection of physiological characteristics determined from the gold-standard measures of
polysomnography (PSG). These measures are derived from -electroencephalogram,
electromyogram, and electrooculogram measures’. Additional sensors to measure and diagnose
sleep disorders include pulse oximetry, air flow and respiratory effort, electrocardiogram, leg
movements, body temperature and position. PSG measures are utilised for clinical investigation
of sleep cycles and to measure and diagnose symptoms of sleep disorders, such as sleep apnoea
or restless leg syndrome.” However, for routine assessments and regular monitoring of athletes,
especially in high performance settings, PSG measures are intrusive, expensive and thus
prohibitive given the competition and travel requirements of most athletes. Visiting a sleep
laboratory for instance, and sleeping in an unfamiliar environment while being attached to
numerous electrodes is not convenient or appropriate for most athletes — and somewhat
counterintuitive to optimise recovery or competition preparation. Thus, this method indicates
limited ecological validity and raises concerns regarding the accuracy of lab-based assessment
to be representative of the ‘normal’ sleep habits in natural settings. Consequently, alternative
methods include subjective sleep assessments and actigraphy.? The development of sleep
prediction algorithms from actigraphy-based measures has improved the accessibility of
measurement in ecologically valid environments, and thus the reporting of sleep-wake
behaviours among athletes in different field-based settings.® ® Whilst practical, recent validity
and reliability data further support their robustness for most sleep variables; yet some
limitations do apply given that the underlying algorithms only represent estimations of sleep
parameters and might differ considering the diversity of devices, misinterpretations,
mishandling as well as technical errors.® %> 10



Sleep in athletes

Aside from physiological restoration and psychological well-being, memory consolidation is a
function of sleep that is especially important for athletes in terms of learning procedural skills.!!
This is supported by a recent review in which the effects of sleep loss on exercise performance,
physiological responses to exercise and cognitive functions are analysed.> Although there is
proof that sleep deprivation (> 24 hours without sleep) reduces physical and cognitive
functioning, it is not likely that total sleep loss is found in athletic populations.> More apt (in a
sport context) are situations of sleep disruption, where altered bed times or irregular waking
result in reductions in sleep quantity or quality. Within these environments, the effect of 2-4
hours less sleep shows equivocal effects on physical performance or recovery (e.g., maximal
physical efforts and gross motor performances may be maintained, while sport-specific
performance could be negatively affected).” However, altered mood states and reduced
cognitive functioning are commonly reported following any disruption of normal sleeping
behaviour.> > 12 Nevertheless, these findings are based on lab settings, where performance and
physiological measures were analysed isolated from complex sport activities.

Recent research underlines the importance of sleep for competition performance indicating
there is a relationship between poor sleep quality and loss in a competition,'® and between sleep
duration and competition performance,'* respectively. Accumulated evidence points at
compromised sleep among the athletic population.* !> While the National Sleep Foundation
recommends 7 to 9 hours of sleep for young adults (18-25 years) as well as for adults (26-64
years),' sleep durations of athletes are frequently below 7 hours.! Lastella and colleagues®
assessed sleep-wake behaviours of 124 elite athletes across individual and team sports via
actigraphy reporting 6.8 hours of sleep with an average sleep efficiency of 86%, whereas
athletes from individual sports obtained less sleep and poorer sleep efficiency (6.5 + 1.1 hours,
85.9 £ 6.1%) than team sport athletes (7.0 + 1.2 hours, 86.4 = 4.8%). This finding is supported
by a systematic review reporting that total sleep time is shorter in individual sports compared
with team sports, and that sleep duration is shorter in female athletes.! As an example, a recent
questionnaire-based study showed that 50% of elite or highly-trained team sport athletes (n =
175) were identified as poor sleepers with the clinically significant prevalence of daytime
sleepiness in 28% of the athletes.'® In addition, 38% showed signs of obstructive sleep apnoea,
as they defined themselves as snorers, with 8% reporting apnoeic episodes.!> Moreover, more
than three quarters of elite gymnasts (n = 67) reported abnormal scores in standardised sleep
questionnaires (i.e., values above the clinical cut-off).!* Among 107 professional ice hockey
players, 22% reported sleeping problem during off season, whereas 46% had compromised
sleep during the competitive season.!” However, as most of these findings are based on
subjective assessments, more clinical diagnoses of sleep disorders should be made available for
the population of elite athletes to assess the interrelation between sleep and athletic as well as
cognitive functioning.

Challenges of sleep in sport

Scheduling of training and competition, and time of season

Competition that is considered stressful in itself!® ! as well as the scheduling of competitions
(e.g, late-night games)?® are typical contributors to impaired sleep. Athletes often report worse
sleep the night(s) before an important competition than at other times when competition is not
imminent.'® ' Further, athletes report that they lack effective strategies to promote better
sleep.'® 1 While poor sleep before competitions is likely to be associated with anxiety, arousal
and occupying thoughts, this may be addressed with psychological regulation techniques such
as relaxation. The scheduling of competitions is not directly modifiable but can be anticipated
with daytime naps (see below) or delayed recovery sessions on the following day.

Training schedules, especially early morning training, are also common factors that might lead
to reduced sleep duration.?!?> Comparing rest days to training days, shorter sleep durations are
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obtained on (early-morning) training days due to the fact that bedtime cannot be advanced at
will.2!» 22 Moreover, training intensity and prolonged training stress have to be considered
among challenges of sleep.?*2* Hausswirth and colleagues?® have shown that intensive overload
training over three weeks in triathlon does not only lead to immunological changes but also to
impaired sleep efficiency. Further, continuous intensive training over three months in
preparation for a premiere led to disturbed sleep among ballet dancers.**

Electronic devices

The use of electronic devices before bedtime and after lights out has been shown to be
negatively associated with sleep and daytime functioning.?* 2% As an explanation for this, it has
been suggested that the emission of blue light from electronic devices influences the circadian
regulation of sleep promotion (due to an inhibition of the secretion of melatonin); however,
stimulating and interactive social media platforms causing emotional arousal might also explain
this phenomenon.?’” Accordingly, volitional behaviour, i.e. self-regulation, is one of the
underlying mechanisms behind this challenging factor and can be addressed with sleep hygiene
strategies (see below).

Travel and jet-lag

Given the competition demands of most professional sports, regular short-haul (domestic) and
long-haul (international) travel is a necessity. Whilst competition itself is a factor in disturbed
sleep, the concomitant domestic or international travel associated with competition demands
can further interfere with sleep behaviour.?® That is, as a result of the duration or extent of travel
(e.g., changes in time-zones), a combination of jet-lag and/or travel fatigue can disrupt sleeping
patterns.?” More specifically, sleep behaviour can be interrupted by the act of travel in that the
seated and cramped conditions in a noisy and hypoxic environment can make the onset and
maintenance of sleep difficult and thus result in travel fatigue.?® Alternatively, the rapid
traversing of multiple time zones results in jet-lag due to desynchronization of circadian
rhythms with external daylight events and is thus resulting in difficulty of sleeping or waking
based on new local times.’® Either way, when athletes are required to travel to or from a
competition, there is a risk of disrupted sleeping patterns; although most short-haul flights result
in minimal disruption of sleep quantity or quality.>! Rather, long-haul or overnight travel is
more likely to result in disrupted sleep behaviours and poorer sleep quantity and quality.>? A
limited number of studies investigating the effects of jet-lag in athletes indicates indirect effects
on performance as a consequence of changes in mood and arousal that are concurrent to reduced
sleep (for a review see Duffield & Fowler®®; Kolling et al.?). In terms of supporting recovery
processes and enhancing an adaptation to the destination, behavioural strategies, such as
arranging sleep-wake and meal times according to the target time, should be preferred over
medications.*® The use of sleep medication will be further discussed in the subsequent section.

Sleep interventions

Behavioural strategies to promote sleep

While some of the challenging factors that have an external influence on sleep patterns cannot
be easily removed or altered, the most obvious approach is education regarding lifestyle habits.
Simple strategies, such as the implementation of consistent sleep-wake patterns and non-
stimulating pre-bedtime routines, can be applied to improve individual sleep.?”> **** Educating
athletes about the role of sleep for athletic performance and the impact of detrimental behaviour
(e.g., the use of electronic devices in bed and participating in social media after lights out) seem
to be beneficial strategies.!” *> Moreover, red light in the evening might support secretion of
the sleep regulating neurohormone melatonin, and thus promoting sleep onset as well as sleep
quality.*® For example, Zaho et al.*® could show that a two-week treatment of whole-body red
light therapy had a positive effect on subjective sleep ratings and changes in endurance
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performance as well as serum melatonin levels. The authors of that study assume that red light
illumination may be related to increased arteriolar vasodilation and peripheral microcirculation.
As sleep is further initiated through a reduced body core temperature which is achieved by
elevating the distal skin temperature,® another pre-bedtime routine could be a warm shower to
reduce sleep onset latency.’” The environmental temperature, on the other hand, should be
preferably rather cool instead of warm.

Sleep extension & napping

If the training or competition schedule provides sufficient space for recovery strategies,
extending bedtime to achieve prolonged sleep duration appears a beneficial approach.
Performance improvements have been reported for basketball players*® and tennis players®
after extending sleep duration for several weeks or nights, respectively. However, phases of
extended sleep periods may only provide additional value if there is enough time to develop
sleep pressure in the evening (i.e., a drive to sleep), otherwise initiating sleep can become
difficult.** Nevertheless, one night of extended sleep can improve the perceived recovery-stress
state and mood in athletes.!? Overall, the number of (experimental) studies examining the
effects of sleep extension on performance is still limited. As prevalence of sleep restriction
among athletes seems to be quite high (as outlined above), athletes are encouraged to implement
30 to 60 minutes of additional sleep each night as a ‘self-experiment’ which should be
monitored and supported by staff members.*!

Athletes may also achieve additional sleep time by implementing daytime naps when feasible.
Research regarding the efficacy of napping is limited, but it seems that beneficial effects can be
detected following sleep restriction*? as well as following a ‘normal’ night of sleep.** However,
Petit and colleagues** did not find positive effects of a 20-min nap on performance. On the other
hand, they did not find negative effects on performance or on sleep architecture either. Thus,
habitual napping can be generally encouraged, whereas timing (i.e., preferably in the early
afternoon) and duration (i.e., < 30 min) should be properly realised.*

Medication

Data on the use of sleep medication is basically limited to anecdotal reports, as it seems common
to not only use prescription drugs but also self-administered over-the-counter medications.*®
Typical circumstances where sleep medication is applied in the high-performance setting are
(a) sedative action to reduce arousal, (b) chronobiological purposes to reduce jet-lag symptoms
and (c) to manage insomnia in habitually poor sleepers.*® However, evidence for their
effectiveness within healthy populations, especially athletes, is scarce, and little is known about
their influence on subsequent daytime functioning and athletic performance.*® As some
pharmaceuticals may have unknown side effects and could potentially cause dependency,
athletes should be educated to prevent self-administration and off-label use of such medications.
Effective sleep monitoring is, therefore, an important approach to detect sleep disorders and to
manage ‘healthy’ sleep behaviour.

Dreams and lucid dreaming to improve training

Dreaming — or better sleep mentation — defined as all mental experiences (perceptions, thoughts,
and emotion) occurring during sleep may provide another influence on recovery and
performance in sport. Dreams usually reflect waking activities. For example, sport students who
are frequently involved in sport activities during the day show higher active participation in
sport or sport themes in dreams compared to psychology students. Especially under stressful
situations, such as competitions, the dream content of athletes may be altered and consequently
evoke disturbed dreaming. In a questionnaire study, approximately 15% of athletes (n = 840)
stated that they experienced at least one distressing dream before an important competition or
game during the preceding 12 months. Dream content might also mirror the need for recovery
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or recovery related processes, however, so far research has not examined dream content in
athletes after high intensity exercise.

When the sleeping individual is aware of dreaming and capable of influencing the contents of
the dream, a state of lucid dreaming is achieved. Experimental research demonstrated that lucid
dream practice has a positive effect on waking performance. Recently, Stumbrys and colleagues
instructed participants to practice a finger tapping task in their dreams and compared the pre to
post-test performance change with a practical, mental and control group, respectively. The lucid
dream practice group showed higher effects in finger tapping compared to mental imagery.
However, this technique does not seem very common among athletes. More experimental
research is required in terms of techniques to induce lucid dreaming and the effect of this on
performance. On the other hand, as sleep supports the regeneration processes and aims to
purposely detach athletes from their sport, lucid dreaming may interfere with this process.
Therefore, athletes and staff should carefully schedule ‘dream practice’ separate from
designated recovery nights or even encourage lucid dream activities which possibly improve
recovery (e.g., relaxation).

Implications & concluding remarks

While sleep can be considered as universal human requirement, its implementation is highly
individual which is posing a challenging issue for some elite athletes. Considering that the need
for sleep and the response to training stimuli as well as sleep loss are inter-individually different,
practitioners should utilise an individual approach to sleep promotion interventions.*’ A regular
monitoring of sleep behaviour (objective as well as subjective assessment) and the assessment
of training parameters and recovery-stress responses are therefore important in elite sports.*3
On the one hand, this allows for detecting irregularities (e.g., due to travel or illness) and
deriving interventions at an early stage. On the other hand, implementation of recovery
modalities and sleep management strategies can be evaluated. Moreover, feedback of the data
can be used to coach athletes in terms of the importance of regular sleep habits and increase the
awareness of the mutual relationship between training stress and sufficient recovery.
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