The effects of sleep deprivation on sports performance

Abstract

The studies presented here investigate the effects of sleep deprivation on sports performance and related outcomes. The studies use a range of research designs, including control interventions, questionnaires, and various exercise protocols. The outcomes measured in these studies include physical performance, cognitive function, psychological health, muscle strength, fatigue and other physiological measures. In total 19 studies were used for the review majority argued that sports performance was affected on physiological, psychological or cognitive function. Interestingly, some studies showed that certain types of exercise, such as low intensity cycling or light aerobic exercise, may not be affected by short-term sleep deprivation. Overall, it was concluded that sleep deprivation has negative effects on performance, and it is evident that sleep is a crucial factor in sports performance, and sports will benefit from an increase in sleep. 
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Chapter 1
Introduction

[bookmark: _Hlk130296476]Sleep is a normal bodily function, which regulates the behavioural state of diminished movement and sensory responsiveness that occurs repeatedly at regular intervals in humans over the course of a 24-hour period (Abrams, 2015). Professional athletes frequently experience sleep disturbance before significant events (Fullagar et al. 2015). Sleep deprivation causes poor performance, insufficient awareness, and health problems. Lack of sleep affects 20% of adults, making it a very widespread problem among the population, where athletes are affected the most (Abrams, 2015). Many elements are affected such as muscular strength and cardiovascular health etc. (Knowles, 2018). Many are affected to execute everyday tasks these include shift workers, elderly persons, new parents, and athletes as muscle strength is essential (Knowles, 2018).
Muscular strength on sports performance is associated with improved force for muscular skeleton that contribute to a sports person's overall functioning. Many studies and pieces of literature support the idea that greater muscular strength can improve the ability to perform general sport skills like jumping, sprinting, and the change of direction (Suchomel, Nimphius and Stone, 2016). 
Another element is fatigue which can affect sports performance, as it derives from the body reaching its maximum capacity and limits the achievement of greatest potential. Dambroz, Clemente, and Teoldo (2022) stated that “when a person is physically fatigued, the muscle recovery process is impaired, resulting in a decrease in the efficiency of the recruitment of muscle fibres that control movement”. Longer periods of sleep, speed up the recovery of physiological systems, lowering the likelihood of recurrent injuries, which improves pain perception, increases fatigue resistance, and athletic ability (Chandrasekaran, 2020). It has been shown that sleep supports physiological processes such as muscle, cartilage, and joint repair as well as the restoration of immune function that follows physical exercise. As an example, when exercise programmes are intensified and increased in volume, the risk of upper respiratory tract infections rises, which is a side effect that is exacerbated by lack of sleep. Natural killer cell activity, which mechanically decreases with diminished sleep length and quality, aids the host's ability to react to viral infections. Sleep deprivation can also influence how glucose is metabolised, therefore raising the risk of obesity and type II diabetes mellitus. This is in contrast to how calorie restriction or diets heavy in fat can disturb sleep architecture (Kirschen, 2018). 
Heart rate max can be defined as the highest heart rate that an individual can maintain while working out until exhausted. It is determined by a peak in heart rate despite increased intensity (Nes et al. 2013). The justification of the success of sports performance depends on the sporting individual’s capacity to handle physiological and psychological pressures. Endogenous circadian rhythms and regular sleep-wake cycles may fall out of sync in athletes when they experience environmental interruptions such as during travel, night training or play (Fullagar et al. 2015). Psychological effects of sports performance such as anxiety can lead to stiffness in an individual’s muscles. Muscle relaxing practices are completed to avoid this from happening during an actual game or competition. Stress can also affect someone’s physical skills. If it is perceived by the individual as too much stress, the person begins to experience a steady to extreme decrease in performance levels, thus causing a decline in efficiency and eagerness to respond (Bali, 2015). It is commonly believed that the act of sleeping is essential for physiological performance as much as it is for cognitive function. Despite this apparent relevance, there is still dispute, if not open conflict, over the reason why individuals sleep. Sleep regulates crucial biochemical processes and is crucial for keeping the metabolism in check, according to a recent study (Fullagar et al. 2015).
 Cognitive flexibility, working memory, inhibition, visual search and gaze behaviour as well as decision making and reaction times, are the depicted aspects of basic cognitive skills linked to competitive sport training (Scharfen & Memmert, 2019). Simple alertness, attention, and psychomotor vigilance are some of the most basic characteristics of cognitive performance that are impaired even after only one night of sleep deprivation. While complete sleep deprivation can cause abrupt and significant decreases in psychomotor alertness, prolonged partial sleep loss over multiple nights can cause performance problems that are more subtle. According to one study, people's performance on the Psychomotor vigilance test decreased to a level comparable to people who had experienced two nights of complete sleep deprivation when their total sleep duration was restricted to only 6 hours each night for two consecutive weeks (Killgore, & Weber, 2014).
Each of these pieces of literature are key to this review and show how sleep is key to every individual’s daily life and functioning. Each author highlights the effects of sleep on the body and in turn on the performance of the sleep deprived individual. There are many and varied results which will become clear as they are linked below to sporting performance. This will include the effects on an individual’s, fatigability, muscle strength, psychological health, general health and wellbeing, recovery and performance. 
Due to the lack of human based controlled research on sleep deprivation, systematic review and metanalysis were included. This was then used as a base for this review where it highlights the effects of sleep loss on athletic performance, particularly allowing for a greater focus on sport-specific outcomes. The systematic review and meta-analyses provide a more comprehensive view of the impact of sleep deprivation on sports performance. They suggest that sleep deprivation impairs human function, with mood being more affected than cognitive and motor performance. They also suggest that partial sleep deprivation may have a greater negative impact than short- and long-term sleep deprivation.


Chapter 2
Literature review


2.1	Sleep and sports performance 

Sports performance is a complex multifactorial trait, and it is understood that a combination of physiological, behavioural, and other contextual elements is needed to develop into an exceptional athlete (Wang et al. 2013). Sports performance has been proven to be affected by sleep extension, with a significative impact on athletes. It is shown that getting more sleep greatly improves sports performance. By enhancing sleep extension and using it effectively it can lead to a successful performance, enhanced attention, and psychological wellbeing, which are extra benefits for the athletes. It has been discovered that afternoon or evening naps enhance an athlete's health and sporting ability. It is well established that napping helps players acquire game-specific techniques, strategies, and other neuromotor abilities (Chandrasekaran et al. 2020).  Before and after a national tournament, adult netball players participated in a study to assess the association between sleep and competitive achievement. By using wrist actigraphy and sleep journals it was shown the two teams who finished last, the two teams who finished first and second in the competition had the same amount of sleep. However due to the different qualities of sleep each team’s performance was affected differently, eventually leading to their competition standings being more diverse (Watson, 2017). It was found by Craven et al. (2020) and Ochoa-Lacar et al. (2022) that sleep deprivation has a negative impact on sports performance. Contrary from a statement made Symons, Vanhelder and Myles (1988) who both suggested that sleep did not affect physical performance, and this suggestion is supported by Blumert et al. (2007) whose also did not find any effect on physical performance after sleeping deprived. There are many contradictory factors around weather sleep influences sports performance. There are however further conclusive studies supporting that less sleep has a negative impact on performance so although there are more studies to be done in this area the current data concludes more sleep equals better performance.

2.2	Sleep deprivation and exercise fatigue

Performance in sports is limited by fatigue which is characterised as a gradual decrease in the force or power that a functioning skeletal muscle can produce. Fatigue can be classifying as Peripheral fatigue or Central fatigue. In the field of sports science many motor pathway mechanisms are implicated as the cause of fatigue. Peripheral fatigue is characterised as a decrease in muscle force production brought on by exercise while experiencing an elevated sense of stress (Thomas et al., 2015). High level athletes undergo rigorous training and a lot of burdens. These individuals do not see an instant improvement in performance; instead, when the central and peripheral fatigue responses are taken into account, it results in worse performance the following session if proper recuperation is not given (Hausswirth, and Mujika, 2013). A test conducted by Tempsi et al (2013), showed cycling time decreased after sleep deprivation, with fatigue being one of the factors that were affected. The same argument was strongly made by Kang (2020) he found a increase of fatigue after 24 of being sleep deprived. Healthcare workers frequently experience sleep deprivation and difficulties lead to fatigue due to extended continuous shifts, less opportunities for rest with little recovery time, and shift work are all major contributors to declines in physical, cognitive, and emotional performance. Adopting tactics for managing exhaustion or countermeasures to fatigue, such as napping, selective coffee use, and excellent sleep hygiene, were some of the methods used (Owens, 2007.) In conclusion to this data, it is proven that overall performance and functioning of individuals can be largely affected by fatigue. When it comes to sports, to get the best performance and ability it is important to make sure each individual has the right amount of rest and recuperation before training or sporting again. 

2.3	Psychological 
[bookmark: _Hlk130870248]In 1996, Sports psychology was defined as the study of the psychological basis, processes and effects on sport. Also, many authors described sports psychology as the study of the sports mind and behaviour for a simpler definition (Jarvis, 2006). In addition to the potential increase in physiologic loads brought on by competition, long-distance travel (which has a negative impact on mood), tension, and anxiety in athletes, are known stressors. These stressors are thought to affect both the quantity and quality of their sleep, which will then lead to a poor performance. According to a recent study (Watson, 2017), between 37% and 78% of elite athletes reported suffering pre-competition sleeplessness symptoms. The same author also stated that in a survey of 652 elite male and female German athletes, 66% admitted to having problems falling asleep and feeling worried before performing (Watson, 2017). Feeling fatigued, easily annoyed, hungry, and unwell are all symptoms of insufficient sleep. Athletes can performance better when they are motived, and the mood is also improved by performance. Athletes have trouble starting and staying asleep before competitive activities. A feeling of physical and mental calm is provided by getting enough sleep (Bibi et al. 2020). Several authors such as Vardar et al. (2007) and Blumert et al. (2007) have found a negative impact on psychological health after twenty- four hours of sleep deprivation or more, therefore the performance is impaired by psychological health. 


[bookmark: _Hlk130991928]2.4 	Wellbeing/Health

[bookmark: _Hlk130993935][bookmark: _Hlk125936002][bookmark: _Hlk130992201]Every individual requires sleep in order to remain fully alert during the day, to accomplish their daily tasks to their highest potential and to lead a healthy lifestyle. In addition to this if an individual suffers from a lack of sleep it has shown to lower response speed, as well as cognitive and motor function (Bibi et al. 2020) there's ample evidence that sleep disorders and sleep deprivation have a detrimental influence on inflammatory and metabolic processes, which has broad health implications. (Barros et al. 2019) Sleep restriction is seen as an important health risk, which has been found to reduce daytime alertness and mood disturbance. (Jean-Louis, 2000) According to recent guidelines from the National Sleep Foundation, avoiding naps and creating a sleep schedule will generally result in better overall sleep quality. Adults should receive 7 to 9 hours of sleep on average every night. Even so, it has been hypothesised, that athletes may need closer to 9 or 10 hours to allow for proper rest and adaptation in between training sessions (Watson, 2017). The narrative analysis made by Chandrasekaran et al. (2020) concluded that in order to acquire a boost of both team performance and the health of their players, sleep practices were a key attribute. Therefore, as stated by both Watson (2017) and Chandrasekaran et al. (2020) highlights the benefits of proper sleep and the negative side of sleep deprivation. The same argument was made by Ochoa- Lacar et al. (2022), after the analyses of 28 articles he concluded that sleep deprivation has a negative effect on sports performance and heath. This supports the overall idea of this review that sleep, or lack thereof has a large impact on health and well-being as a whole. And that to live healthily every individual requires sleep to accomplish their daily tasks effectively.

2.5         Muscular strength
Muscular strength when performing sports is associated with improved force to time qualities that contribute to a sports person's overall functioning. Many studies and pieces of literature support the idea that greater muscular strength can improve the ability to perform most general sport skills such as jumping, sprinting, and change of direction and more (Suchomel et al. 2016). Many elements, such as muscular strength and cardiovascular health, affect physical capability. HajSalem (2013) shows lack of sleep had no affect the performance of hand grip test, which implies that muscles strength is not affected by sleep deprivation. For the ability to execute everyday tasks among shift workers, elderly persons, new parents, and sports, muscle strength is essential. (Knowles, 2018). The capacity to apply power to an outside source or resistance is what is meant by the term "muscular strength." Considering this same requirement of a particular sport or occasion, a person may need to use strong forces against gravity to alter their own body mass, as in sprinting, gymnastics, diving, or to manipulate their own body mass along with that of an opposing player, as in American football, rugby, wrestling, or to deceive an object as in baseball, power lifting, or shotput. Strength training on a regular basis can improve strength (Suchomel, 2016). It was also found by Dattilo et al. (2020) that muscle strength recovery was not affected after sleep deprivation. As was previously mentioned, crucial force-time parameters linked to performance can be significantly influenced by muscle strength. The capacity to perform broad athletic abilities can translate with improved force-time capabilities (Suchomel, 2016). Muscular strength has been demonstrated by this literature to be needed for a normal working life as well as any resistance type work or sport as told above.

2.6       Recovery 
Recovery is the revival of a organism deficit conditions, which can be described as replacement of energy after performance to the starting condition (Sands et al. 2013). As it is well recognised that skeletal muscle repairs and develops while we sleep, little is known about the function of sleep-in muscle recovery which is essential for long-duration activity Dattilo et al. (2020). Losing sleep significantly reduces one's energy and activity levels, which may hinder one's ability to recover physically from a serious illness (Kamdar et al. 2012). While the body is asleep it promotes a better recovery helps with reduce of inflammation due to the processes of cytokines being released, therefore if the body is not getting enough sleep the processes would be delayed the risk of injuries would increase (Mah, 2011). Elite athletes must adhere to a methodical approach to training based on the fundamental idea of the "training response," that emphasises achieving a balance between stress, tiredness, and recovery, referred to as the stress/fatigue state, in order to perform at their best.  Therefore, athletes should think about methods that might encourage recovery and lessen the stress/fatigue condition. Even though sleep is known to be a crucial part of recovering after athletic training and is reportedly the most effective recovery technique, assessments of the quality of sleep-in professional athletes show a significant incidence of poor sleep quality. Two of the most popular recuperation techniques are cold water immersion and compression clothing, which can reduce muscular soreness, inflammation, and discomfort and perhaps enhance sleep quality (Bird, 2013). In conclusion sleep is essential for muscle recovery reducing inflammation and to reduce the risk of injuries. Athletes must have a balance between stress, tiredness, and recovery. Sleep is the most effective recovery technique, but many professional athletes suffer from poor sleep quality. 



2.7        Cognitive
One day of sleep loss and partial sleep deprivation significantly reduced several physical and cognitive performance components (Cullen et al. 2019). The prevalence of sleep deprivation seems to be rising, and it affects performance on many different cognitive tasks (Frenda et al. 2014). Cognitive function is mental process that allow individual to execute task, therefore if the cognitive function is being affected, would lead to poor executive function, lowers response times which would make more prone to accidents and mistakes, reduces working memory capacity which would make difficult to remembering , and impedes typical learning, furthermore, shortfalls in memory, attention, focus, language, mental processing speed, visuospatial ability, and decision making which would make harder to solves problems effectively. are just a few of the short- and long-term neurocognitive abnormalities that have been linked to critical illness, according to several studies (Kamdar et al. 2012), (Frenda et al. 2014). Beside of being important factor for ’s 52% of student that is physical active once a week, therefore the physical and cognitive function is an essential factor for their lives (Patrick et al. 2017). The physical aspect is also affected, such as reaction time lung function, heart rate which were also affected which demonstrate longer reaction time and lower maximum heart rate (Patrick et al. 2017). In conclusion not only does sleep deprivation affect cognitive function but it also affects physical aspects such as lung function and heart rate. So, it is important to prioritize a healthy sleep routine for overall well-being. 

2.8        Aerobic/Anaerobic/heart rate 

[bookmark: _Hlk130342724]Aerobic capacity is the consumption of oxygen while the skeletal muscles is being used to produce energy (Pang et al. 2006). According with Dattilo et al. (2020) sleep I known to impact physiological factors such as, glucose and lipid metabolism, blood pressure, eating behaviour, energy metabolism, hormonal secretion, and the immune system. The amount of blood taken away from the heart increases within sleep deprivation, which is a physiological stress, and also increase the risk of cardiovascular diseases (Franzen et al. 2011).
The performance of the aerobic system is demonstrated to suffer after sleep deprivation, and it has been discovered that muscle glycogen levels are lower, indicating a change in substrate availability that might affect endurance performance (Watson, 2017).
The majority of the research that looked into how sleep loss affected endurance performance found that performance suffered significantly. Research that was published in the Journal of Applied Physiology, for instance, examined how 10 men's aerobic ability changed after 30 hours without sleep. The participants' ability to exercise for a longer period of time fell off by 11%, according to the study's findings (VanHelder et al. 1989). Corresponding to this, research that was conducted on 16 healthy people and released by the journal Sleep Medicine examined the impact of sleep restriction (five hours per night for seven nights) on aerobic performance. The time it took for subjects to reach fatigue during exercise and their VO2 max both considerably dropped as a result of sleep deprivation, the researchers discovered (Fullagar et al. 2015). In conclusion, these investigations show that lack of sleep might have a serious detrimental effect on aerobic performance. Getting enough sleep is a top priority for athletes and others who participate in endurance sports in order to function at their best.

2.9 Summary

Insufficient sleep leads to symptoms such as, poor recovery, fatigue, psychology health physiological performance which impact an athlete's motivation and mood; however, sports performance is affected by same factors. Adequate sleep is shown to enhance an athlete's performance by improving attention and psychological wellbeing. Sports psychology focuses on the psychological basis, processes, and effects of sports, and known stressors such as tension and anxiety affect both the quantity and quality of an athlete's sleep, leading to poor performance. Athletes experience fatigue due to rigorous training and burden, and proper recuperation is essential to prevent worse performance the following session. Sleep deprivation has been shown to increase fatigue and impair cycling time. Elite athletes should balance stress, tiredness, and recovery to perform at their best. Sleep is the most effective recovery technique, but poor sleep quality is prevalent among professional athletes. Sleep is the most effective recovery technique, but poor sleep quality is prevalent among professional athletes. Furthermore, sleep deprivation can have a negative impact on both aerobic and anaerobic capacity, as well as heart rate. Contrary to previous studies, recent research shows that less sleep has a negative impact on sports performance related to muscle strength. Getting enough sleep is essential for athletes and others who engage in physical activity to perform at their best and avoid the negative effects of sleep deprivation on physical performance.
The purpose of the current study is to review the evidence evaluating the impact of fatigue on human performance.


Chapter 3
Study identification

Gathering information was to use various sources such as Google scholar, online articles, government websites, scholarly articles, studies, and books from the UWTSD library. Due to ethical practices, systematic and narrative reviews were used instead of controlled studies made in labs where individuals would be deprived of sleep and then tested.
The research papers were selected based on how relevant and useful the information was, using a set of inclusion and exclusion criteria. The exclusion criteria included off-topic or nonspecific articles, non-academically sound studies, studies without an abstract, and studies not done on humans. Inclusion criteria that have been used includes laboratory studies/actual deprived subjects, studies with real results of sport reaction after sleep deprivation, more than one subject results, diverse range of subjects, high quality of information, and also the age of article has been taken into account.
The using search terms used were: ‘sleep deprivation and performance’: ‘sleep deprivation and athletes’: ‘effects of sleep deprivation’: ‘effects of lack of sleep on sports performance’: ‘what is sleep deprivation and lack of sleep-in sports performance’: ‘sport performance and cognitive function’ and ‘how does lack of sleep impact sport performance?’ Research papers were selected on how relevant and useful these were based on the information retrieved. These searches came up with thousands of results. Showing the need for the inclusion and exclusion methods previously mentioned.
The literature review in the study was selected because to deprive someone of 24h of sleep or more, would not be healthy for subjects. Therefore, provision of good conditions for monitoring the subjects 24/7 is not feasible to make sure that the protocol is being followed, which would not make the study reliable if was not monitored. The questionnaire could also be an option but would not be reliable, therefore a review of the tests will be conducted within the labs, thus providing the research with real and authentic data.
This research will demand higher levels of importance when it comes to the amount of sleep a person may require, especially for sports athletes, where the energy and recovery systems will be used up regularly. By addressing the key factors of sleep deprivation, this literature review will provide valuable insights for future researchers and sports personnel to help athletes avoid the negative impacts of sleep deprivation on their performance.




Chapter 4
Study Review

The analysis of sleep deprivation data shows us that there are different arguments about the effects of sleep deprivation on sports performance. Taheri & Arabameri (2012) research suggest that 24 hours of short sleep deprivation doesn’t affect anaerobic performance and in (1988) Symons et al. research, had suggested that 60 hours of sleep deprivation does not impaired physical performance. Those suggestions are supported by Blumert et al. (2007) that found that 24 hours of sleep deprivation did not affect maximum weightlifting, which has strength as a main factor, and a similar result were found by Dattilo et al. (2020) that muscle strength recovery were not affected after being sleep deprived. Contradictory to this a study made by Ochoa- Lacar et al. 2022 suggested that these amounts of hours of sleep deprivation could affect performance. Craven et al. (2020) also emphasis that there was a negative impact on exercise performance, and Tempsi et al. (2013)  stated that after 24 hours of sleep deprivation there were a decrease of cycling time what clearly shows a poor performance of aerobic system, whcih can be related to the found of Hogun (2020) that fatigability increase after 24 hours of sleep deprived, where would make harder to  sustain long period of exercise on sports like soccer where the impact lack of sleep would be negative (Pallesen et al. 2017). Cardiovascular system is very important aspect of aerobic performance, furthermore Drabrowski et al. 2012, concluded that decrease heart rate were found after 24h of sleep deprivation, the same argument was made by Scott & McNaughton (2004), however, the studies made by Vardar et al. (2007)   and Taheri & Arabameri (2012) did not find any change on aerobic and anaerobic performance. The reduce of mucle power were found by HajSalem et al. (2013), also as academic and psychomotor performance were also found by Monleon et al. (2018) and Merayo (2021). The cognitive function had a negative effect after sleep deprivation on studies of Taheri & Arabameri (2012) and Slutsky et al. (2017), and psychological health were mentioned to be affected by Vardar et al. (2007), Pilcher (1996) and Blumert et al. (2007).
Table 1: 	Primary research evaluating the impact of various sleep deprivation studies on physical and cognitive performance.
	[bookmark: _Hlk132582719]Author
	Population
	Sleep deprived 
	Research design
	Exercise 
	Outcomes

	[bookmark: _Hlk129725496][bookmark: _Hlk132647191]Drabrowski, J. et al. (2012)


	11 males
	36 hours
	Control intervention
	[bookmark: _Hlk129814251]Long lasting moderate exercise
	Decrease in heart rate, shotting performance and motion coordination 

	[bookmark: _Hlk132629156]Pallesen et al. (2017)

	19 males 
	24h
	Control intervention 
	20, 40 and 30 metres 
	[bookmark: _Hlk129642499]Negative effects on soccer

	[bookmark: _Hlk129646207]Dattilo et al. (2020)

	10 males 
	48 hours 
	Control Intervention 
	Eccentric exercise 
	Muscle strength recovery is not affected 

	[bookmark: _Hlk132664937]Monleon et al. (2018)

	16 females
	24h
	Control intervention
	Light aerobic exercise  
	[bookmark: _Hlk129642528]Lower psychomotor 

	[bookmark: _Hlk132627282]Scott et al. (2004)

	6 males
	30 hours 
	Control intervention
	cycling
	[bookmark: _Hlk129642907]Lower heart rate

	[bookmark: _Hlk132627237][bookmark: _Hlk129642581]Slutsky et al. (2017)

	24 males
	24 hours 
	Control intervention
	Low intensity cycling
	Negative effects on cognitive perfrmance

	[bookmark: _Hlk129646280][bookmark: _Hlk132672911]HajSalem et al. (2013)


	21 males
	4 Hours (Partial) 
	Control intervention
	Wiingate test, hand grip
	Reduce muscle power and did not affect hand grip 

	[bookmark: _Hlk130917629]Tempsi et al. (2013)

	12 males
	24 hours 
	Control intervention
	40 Submaximal Cycling 
	Decreased cycling time

	[bookmark: _Hlk132625281]Taheri et al. (2012)


	18 males 
	24h
	Control intervention
	Peak power, mean power reaction time 
	Short-term sleep deprivation doesn’t affect anaerobic performance but affect cognitive function (reaction time)

	[bookmark: _Hlk129658022][bookmark: _Hlk129642983]Vardar et al. (2007)


	13 males
	30h 
	Control intervention
	Wingate anaerobic test 
	Increase anxiety without impairing anaerobic performance 

	[bookmark: _Hlk129659771]Symons et al. (1988)


	11 males
	60 hours 
	Control intervention
	6h of hiking, 1 min of electrically brake cycle(100w), 19 mi Vo2max (70)  
	[bookmark: _Hlk129642629]does not impaired physical performance

	[bookmark: _Hlk132315246]Blumert et al. (2007)



	9 Male
	24 hours
	Control intervention
	High intensity 
(Maximum weightlifting)
	[bookmark: _Hlk129642690]Performance was not affected (physiology), mood disturbance was noticed (Psychology) 


	Kang (2020)


	9 Females
	24 hours
	Control intervention
	Isometric elbow extension 
	Fatigability increased 

	Patrick et al. (2017)


	37 males 27 females
	Questionnaire 
	
	N/D
	[bookmark: _Hlk129643028]SD impact physical but not cognitive ability

	[bookmark: _Hlk132664826][bookmark: _Hlk129642792]Merayo (2021)


	201 males and 60 females 
	Questionnaire 
	
	N/D
	Sleep is a variable with huge impact in academic and physical performance.







Table 2: 	Review studies evaluating the impact of various sleep deprivation studies on physical and cognitive performance.
	Author 
	Type
	Studies observed
	Outcomes

	[bookmark: _Hlk129660593]Ochoa- Lacar et al. (2022)

	Systematic review 
	28 Articles
	Affect performance and health.

	[bookmark: _Hlk129642829]Kirschen et al. (2018)
	systematic literature review
	19 studies 
	Performance varies by Cognitive and physical demands.


	[bookmark: _Hlk132665811]Pilcher (1996)




	Meta-analysis 
	143 studies
	Sleep deprivation impair human function; mood is more affect than cognitive and motor performance. 
Partial sleep deprivation affect more than short- and long sleep deprivation.


	[bookmark: _Hlk129660771]Craven et al. (2020)


	Systematic Review and Meta- Analysis
	69 Studies 
	Negative impact on exercise performance.


[bookmark: _Hlk132582649]


















Chapter 5
Discussion

From these results there are many commonalities linking the different pieces of literature together as well as some anomalies or conclusive indications that some of the results are not due to sleep deprivation.  
According to studies such as Pilcher (1996), Merayo (2011) and Taheri & Arabameri (2012), It has been shown that sleep has a significant impact on sports performance, including physiological ability, psychological performance, and cognitive function. Short-term sleep deprivation has a huge impact on both academic and physical performance Merayo (2021) but doesn’t appear to affect anaerobic performance (Taheri & Arabameri, 2012) as much as the effects on cognitive function resulting in worse reaction time, which is essential for competitive sports. 
Partial sleep deprivation has a more significant impact than complete sleep deprivation, which is an anomaly compared to previous studies in this area. This gives room for further research and development as it could change the way we use sleep and how it will affect a sporting individual in the long term.
All the studies reviewed in this literature suggested that adequate sleep is necessary to improve athletic performance and that sleep deprivation can negatively affect cognitive function, fatigue, recovery, wellbeing, health, aerobic and heart rate, but not muscle strength or anaerobic performance.
[bookmark: _Hlk132128711] Kirschen et al. (2018) witnessed that performance varies by cognitive and physical demands and that all sporting individuals will benefit from an increase in sleep. These results may affect or contradict those of Pilcher (1996) in that partial sleep would still be more beneficial than no sleep or long sleep deprivation. Suggesting that athletes who experience sleep restriction, especially if it lasts over a long period, may experience severe physiological, psychological, and cognitive repercussions.  Numerous studies indicate that while total and partial sleep deprivation tend to lower athletic performance the Increase of better sleep seems to enhance athletic performance. Some studies differ slightly, stating aerobic or endurance performance, anaerobic or explosive muscular power exertion, seem to be less sensitive to sleep deprivation (Kirschen, 2018). 
Both Dattilo et al. (2020) and HajSalem et al. (2013) gave similar results when it came to the effects of muscle strength after being sleep deprived. Both studies stated that the strength was unaffected by sleep deprivation, and in turn, HajSalem et al. (2013) shows lack of sleep or sleep deprivation had no effect on the performance of hand grip. Research undertaken by Knowles (2018) presents mutual findings when an individual is sleep deprived and has no or a lack of motivation to perform; they will experience a reduction in maximum muscular strength performance especially when performing repetitive movements.   
Fullagar’s (2015) research added that performance is typically maintained during maximal one-off efforts, especially for maximal strength, however, exercise performance appears to be negatively impacted during periods of sleep deprivation, specifically, endurance and repeated exercise bouts. Scott and McNaughton (2004) also investigated the effects of sleep deprivation on physical performance using a speed and agility test. The results suggested that sleep deprivation decreased physical performance, increasing the likelihood of errors and injuries.
According to Dabrowski et al. (2012), sleep deprivation has been found to impair cognitive function, including attention, working memory, and decision making, which are essential for optimal performance. This tested the effects of sleep deprivation on cognitive performance. The results suggested that sleep deprivation impaired attention, increased the likelihood of errors in a task. Indicating a decline in cognitive performance. In a more recent study, Pallesen et al. (2017) investigated how sleep deprivation affects motor performance. Participants were required to perform a simple motor task after either a night of sleep or sleep deprivation. The results revealed that sleep deprivation led to a significant decline in motor performance, including slower reaction times and increased errors. The study by Dattilo et al. (2020) focused on how sleep deprivation affects athletic performance. The researchers analysed the association between sleep duration and athletic performance. The results showed that athletes who slept less than 7 hours per night had significantly lower performance in their sport compared to those who slept for 8 or more hours. These studies all show sleep deprivation can cause mood disturbance, emotional dysregulation, and affect cognitive and emotional performance. Heart rate recovery, blood pressure, and cardiovascular endurance are also influenced by the duration and quality of sleep. 
Slutsky et al. (2017) states that sleep deprivation will have negative effects on cognitive performance in contrast to Patrick et al. (2017) who states that the effects are not found in their cognitive ability but rather their physical ability. In this circumstance it was proven that the results from Slutsky et al. (2017) fit more accurately with the results from other literature and studies, such as (Kirschen, 2018) who stated that athletes who experience sleep restriction, especially if it lasts a long period, may experience severe physiological, psychological, and cognitive repercussions. Numerous studies indicate that while total and partial sleep deprivation tend to lower athletic performance, better sleep seems to increase it. In contrast to aerobic or endurance performance, anaerobic or explosive muscular power performance seems to be less sensitive to sleep deprivation. Scientifically, anxiety, mood changes and fatigability can all be related to one’s cognitive load and ability; either each one is negatively impacted by poor cognitive performance or each one is a cause for poor cognitive performance. Vardar et al. (2007) agrees with this, showing an increase in anxiety as well as Blumert et al. (2007) showing a mood disturbance and Kang (2020) showing an increase in fatigability, all when experiencing a long, partial or total sleep deprivation period. 
Losing sleep is frequently linked to physical exhaustion and discomfort. If there are numerous nights in a row without energy replacement, or when turnover is downregulated, results will end in the sporting individual experiencing increasing levels of fatigue (Chandrasekaran et al. 2020). It has been shown that sleep affects a person’s psychological health. When this comes to sports performance it can result in negative results for the individual. More regularly, as loss of sleep and poor athletic performance may be caused by a variety of factors, including insufficient energy, rage, melancholy, worry about winning or losing, peer group dynamics, and the connection between the coach and the player. All of which occur commonly in athletic environments and lifestyles (Chandrasekaran et al. 2020).   
Drabrowski et al. (2012) found that performing long and lasting moderate exercise with 36 hours of sleep deprivation beforehand can cause a decrease in heart rate. It was also subsequently found by Scott, and McNaughton (2004) that 30 hours of sleep deprivation before cycling also caused a decrease in heart rate. Also, that sleep deprivation can be the cause of low heart rate variability, slow heart rate, and decrease cardiovascular endurance (Chandrasekaran et al. 2020).  
Heart rate recovery is the decline in heart rate that occurs after a specified amount of time has passed after the peak of the workout. It is believed that autonomic regulation controls the decline in heart rate following exercise (Cincin et al. 2015). Heart rate, recovery, blood pressure, and cardiovascular endurance have all been shown to be significantly influenced by the amount and quality of sleep. Low heart rate variability, poor heart rate restoration, and decreased cardiovascular endurance are all established side effects of poor sleep deprivation. The instability of the autonomic nerve system, the neuroendocrine system, and the overstress of the metabolic system replenished are potential causes (Chandrasekaran et al. 2020).
Pallesen et al. (2017) stat that 24 hours of sleep deprivation has a negative effect on soccer, which was demonstrated and further studied by Drabrowski, et al. (2012) when he found that shooting performance and motion coordination were affected after 36 hours of sleep deprivation, in long lasting moderate exercise.
Monleon et al. (2018), stated that 24 hours of sleep deprivation before light aerobic exercise led to a lower psychomotor. Most studies have suggested that sleeping only 5–6 hours a night can led to impairment of performance. A similar study conducted by Jarraya et al. (2013), stated that “It seems that mood, psychomotor, and cognitive function decline more quickly than physical capabilities.” 
While there is broad agreement that inadequate sleep leads to a general slowing of response speed and increased inconsistency in performance, predominantly for simple measures of awareness, attention and vigilance, there is much less agreement about the effects of sleep deprivation on many higher-level cognitive capacities, including perception, memory and executive functions. Killgore (2010) Is one such study that states without adequate sleep, reaction time is reduced, attentional delays become longer and more frequent, and behaviour becomes progressively more inconsistent and unstable. (Killgore and Weber, 2014). Mood and emotional dysregulation are two additional significant effects of sleep deprivation. Those who lack sleep frequently exhibit signs of increased irritability, are more prone to bad moods, are less sympathetic, and are more ready to place blame on others. The effects of sleep deprivation specifically for athletes as regards cognitive and emotional performance are still poorly known at this time. It is critical that research increases our knowledge of how sleep deprivation might affect cognitive and emotional performance, since more individuals are receiving less sleep (Killgore and Weber, 2014 ). The studies of this literature review suggested that twenty-four hours or more of sleep deprivation influences sports performance through physiological ability. Psychological research has consistently demonstrated that sleep deprivation can have detrimental effects on performance in various domains, including cognitive, motor, and physical performance.
Blumert et al. (2007) conducted a study on the effects of sleep deprivation on anaerobic exercise performance, which showed a significant decrease in performance in exercises such as bench press and squat jump after 30 hours of sleep deprivation.
 Kang (2020) also explored the relationship between sleep deprivation and cognitive performance through experimental study design. Their findings revealed that sleep-deprived individuals showed lower performance on cognitive tasks, such as reaction time and working memory, in comparison to those who had adequate sleep. Moreover, Patrick et al. (2017) conducted research to identify the effects of sleep deprivation on doctors' performance, demonstrating poorer procedural outcomes amongst sleep-deprived doctors.
Merayo (2021) highlights the impact of sleep deprivation on physical performance, specifically in athletes. The study revealed that sleep-deprived athletes were more vulnerable to injury and had lower endurance levels. Further, poor sleep hygiene among athletes and lack of adequate sleep can lead to poor recovery rates and hinder their athletic performance or cognitive function (reaction time) (Pallesen et al. 2017), (Slutsky et al. 2017), and (Vardar et al. 2007).  It was demonstrated that when psychological and physiological test were taken the physical performance was not affected but instead a mood disturbance was noted (Blumert et al. 2007).
Some authors such as Merayo (2021) and Monleon et al. (2018) had other mixed results that suggest sleep deprivation also has a large effect on different factor as, health and academic performance. Overall, all of these studies emphasise that the importance of sleep on performance as a whole is both significant but also. Short sleep, also known as sleep deprivation, can be described as sleeping for fewer hours than the typical basal level for adolescents, which is around 8-9 hours each night. Numerous adolescents, according to a study (Hirshkowitza & Whiton, 2015) do not get enough night-time sleep. One-fourth of teenagers say they get six hours or less of sleep each night. As we have discussed further, sleep is essential to both an individual’s physical and mental health. While the amount of sleep someone may need varies based on factors such as lifestyle and energy expenditure, the National Sleep Foundation (Hirshkowitz & Whiton, 2015) recommends that adults between the ages of 26 and 64 years-old should get seven to nine hours of sleep every night. Although this study is mainly based on athletes who wish to improve their performance, it will also help guide younger athletes in their preparation for their role and knowledge on how the lack of sleep may negatively affect their performance. 
The evidence from the studies reviewed highlight the importance of adequate sleep-in optimizing performance and avoiding adverse outcomes. The findings lend support to the need for creating awareness for good sleep hygiene practices in order to prevent long-term adverse outcomes in various sectors, such as healthcare, sports, and performance industries. 
A systematic review of 143 studies found that sleep deprivation impairs human function, and mood is more affected than cognitive and motor performance. Another systematic review and meta-analysis of 69 studies found that sleep deprivation has a negative impact on exercise performance. Therefore, athletes and sports professionals should prioritize good sleep habits and sleep hygiene to improve sports performance and overall health.
[bookmark: _Hlk132665563]Based on the information provided, it appears that sleep deprivation can have a negative effect on sports performance, including decreased heart rate (Scott & McNaughton, 2004), (Taheri & Arabameri, 2012) as well as, shooting performance, motion coordination, and cognitive function (Drabrowski et al. 2012). However, the specific outcomes vary depending on the type and duration of exercise, as well as the level of sleep deprivation. For example, short-term sleep deprivation does not seem to affect anaerobic performance (Taheri & Arabameri, 2012) but can impact cognitive function (Slutsky et al. 2017), while partial sleep deprivation can have more significant effects than short or long-term sleep deprivation (Pilcher, 1996).
Several studies have also indicated that sleep deprivation can increase fatigue and impair muscle power, leading to reduced physical performance (HajSalem et al. 2013; Kang, 2020; and Tempsi et al. 2013).  
However, the severity of these effects can depend on the type of exercise, with eccentric exercise causing muscle damage but not affecting muscle strength recovery (Dattilo et al. 2020), and anaerobic exercise showing an increase in anxiety without impairing performance (Vardar et al. 2007). Furthermore, while sleep deprivation can negatively impact physical performance, some studies have shown that it does not impair performance during specific exercises, such as, hiking or weightlifting (Symons, Vanhelder and Myles 1988).
Overall, the evidence suggests that sleep is a crucial factor in athletic performance and health, with several studies indicating that sleep deprivation can have negative effects on both. Systematic reviews and meta-analyses have highlighted the negative impact of sleep deprivation on human function and exercise performance, emphasizing the importance of adequate sleep for athletes to optimize their performance (Craven et al. 2020).












Chapter 6
Conclusion

Based on the studies presented, it seems clear that sleep deprivation can have negative effects on sports performance, both in terms of physical and cognitive abilities. The studies varied in terms of the type of exercise used, the duration and degree of sleep deprivation, and the outcomes measured. However, the majority of the studies showed a decrease in psychological performance, heart rate, fatigue, recovery, health, wellbeing and cognitive function, particularly in activities that required quick reaction times or coordination, furthermore, sleep deprivation had no effects on muscle strength or anaerobic performance. Overall, the studies suggest that sleep deprivation negatively affects sports performance, with most studies finding a decrease in physical performance, such as decreased shooting accuracy, motion coordination, and cycling time, as well as increased fatigability. Some studies also reported negative effects on cognitive function, including reaction time and no significant impact on anaerobic performance. It is also worth noting that sleep deprivation can have negative effects on mood, as well as physical and cognitive abilities. This may be particularly relevant for athletes, who may need to be in a positive mental state in order to perform at their best. Sleep is an essential factor in sports performance, and athletes should prioritize getting adequate sleep to optimize their performance. Therefore, would be recommended to getting adequate sleep is important for sports performance, and that athletes should prioritize getting enough rest in order to perform at their best as it is evident that sleep is a crucial factor in sports performance, and sports will benefit from an increase in sleep. 
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