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Abstract: Studies focusing on effects of sleep on physical performance respectively running are sparse. In the 
younger past knowledge evoked that sleep debt has many effects on dietary intake and predisposes adiposity or 
diabetes. It is suggested that the current obesity epidemic is also caused by sleep dept which influences endocrine 
homeostasis (Leptin, Ghrelin, Neuropeptide Y, galanin, orexin, and insulin homeostasis) and affects eating 
behavior in consequence. Especially glucose homeostasis is strongly coupled with endurance capacity 
respectively running performance. Sleep debt goes in with a dysregulation of the Melatonin system affecting 
ACTH-Cortisol Homeostasis while having effects on running performance. Running has positive effects on sleep 
quality but the counter mechanism that good sleep improves running performance is only partly elucidated. 
However, sufficient sleep is of highest importance for improving personal best times and hard training days are 
only possible with adequate sleep. When looking forward newest findings indicate that hard training days go in 
with a reduced sleep efficiency underlying the complex mechanism remaining to be elucidated. 
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Introduction 

 Humans have exceptional capabilities to run 

long distances in hot, arid conditions [1, 2]. These 

abilities, unique among primates and rare among 

mammals, derive from a suite of specialized features 

that permit running humans to store and release 

energy effectively in the lower limb, help keep the 

body's center of mass stable and overcome the 

thermoregulatory challenges of long distance 

running. Human endurance running performance 

capabilities compare favorably with those of other 

mammals and probably emerged sometime around 2 

million years ago in order to help meat-eating 

hominids compete with other carnivores [1,2]. From 

these evolutionary developments may results hints 

that exercise is really the best medicine while having 

lots of protective effects on different organ systems 

[3-6]. Having the other side of the coin of well-

trained runner’s obesity can be mentioned. An 

impressive and still growing number of studies have 

noted the concomitant increased incidence of obesity 

with decreased amount of sleep in the population 

over the last 40 years [7]. Evidence suggests that 

biological mediators of appetite and energy 

homeostasis may be affected by sleep duration [7]. 

One principle mechanism of sleep regulation is over 

glandula pinealis by the Hormone Melatonin, which 

is secreted in darkness [8]. Besides that the CRH-

ACTH System with the Cortisol Awakening response 
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is to mention [8]. Further, hormones such as Leptin, 

Ghrelin, Neuropeptide Y, Galanin and Orexin must be 

considered. It´s a broad elucidated fact, that Cortisol 

affects glucose homeostasis having potential effects 

on habitus and therefore endurance performance [9-

11]. Furthermore, the current obesity epidemic is 

also caused by sleep debt which influences endocrine 

homeostasis (Leptin, Ghrelin, Neuropeptide Y, insulin 

homeostasis) and affects eating behavior in 

consequence. Especially glucose homeostasis is 

strongly coupled with the endurance capacity 

respectively running performance. 

 

Evidence Acquisition 

 There is emerging evidence that the effects of 

sleep deprivation on feeding may be related, in part, 

to changes in appetite and energy-regulating 

peptides, though the evidence is still slender and 

sometimes contradictory [7]. Focusing on the 

relationship of sleep debt and physical activity 

obesity as a result of a lack of physical activity can be 

mentioned. There is emerging evidence that the 

effects of sleep deprivation on feeding may be related 

partly to changes in appetite and energy-regulating 

peptides, however evidence is still slender and 

sometimes contradictory [7]. In principle, sleep is 

regulated by different Hormones: e.g. the Cortisol 

wakening response is to mention, which yields to 

rising Cortisol levels in the morning mediated via 

CRH on Hypothalamus and ACTH on pituitary gland 

level. [8] Another important branch of endocrine 

regulation of sleep is Glandula pinealis [8, 12]. 

Glandula pinealis synthesizes MSH and Melatonin 

from Serotonin [8,12]. The Production and Release of 

Melatonin is inhibited by light via retinal stimuli 

Neuronal connection to the vegetative nerve system 

is over Nervus opticus, Ncl. Suprachiasmaticus, the 

thoracic cornu laterale and ganglion cervicale 

superius [8,12]. The circadian changes of hormone 

concentration in blood influences the Hypothalamus 

pituitary Releasing hormones, whereby Melatonin is 

a strong inhibiter on Gonadoliberin. [8,12] On 

Hypothalamus level GnRH stimulates FSH and LH on 

pituitary gland and production of especially 

Testosterone in men and Estrogen and Progesterone 

in female in testes respectively ovary implying 

broader effects on steroid hormone levels [8,12]. 

Concerning other parameters regulating appetite 

different endocrine factors can be mentioned. 

Relatively clear evidence exists concerning a 

relationship between Ghrelin, [7,13,14] Leptin [14-

16]  Galanin [7,17,18] and Orexin [19] Ghrelin is a 

gut-derived hormone released prior to feeding that 

stimulates hunger, feeding, and fat storage [7,13]. In 

rats deprived of sleep for 5 hours, plasma ghrelin 

levels and food intake were increased in comparison 

to non-sleep deprived controls [7,14]. Beside Ghrelin 

Leptin is to mention. Leptin is another metabolic 

hormone that appears to be affected by sleep 

deprivation, which is secreted from adipose cells, 

attenuates food intake and increases energy 

expenditure [7,15]. Although leptin levels did not 

change significantly in the aforementioned 5-hour 

deprivation study in rats [14], another study 

reported that leptin concentrations were 

significantly suppressed and feeding was increased 

after chronic sleep deprivation for 16 days [7,16]. 

Taken together, these basic studies reveal a potential 

link between sleep deprivation and systems involved 

in feeding regulation; sleep deprivation is 

consistently associated with changes in levels of 

hormones and peptides that lead to increased 

feeding that are reversed by sleep [7].  Interestingly, 

experimental Evidence in Humans Sleep debt exerts 

profound effects on metabolic hormones. These 

changes favor not only increased food intake and 

energy storage, but also potentially the development 

of diabetes and heart disease. [7,20-24] Young men 

restricted to 4 hours of sleep a night for 6 days had a 

40% decrease in the rate of glucose clearance and a 

30% reduction in insulin response and glucose 

effectiveness, a measurement of the ability of glucose 

to mediate its own clearance independent of insulin 

[7,24] . Taken together, these basic studies reveal a 

potential link between sleep deprivation and systems 

involved in feeding regulation. To sum up, sleep 

deprivation is consistently associated with changes 

in levels of hormones and peptides that lead to 
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increased feeding that are reversed by sleep. 

However it must be considered that effects on 

metabolism in not trained state are different 

compared to trained athletes [8-10]. Moreover, a 

dampened diurnal rhythm of leptin effect was also 

described in a study involving 10 male subjects who 

were sleep deprived for 88 hours [7, 25]. During 

partial sleep deprivation, thyroid stimulating 

hormone levels and the duration of its secretion have 

also been found to be blunted even when energy 

intake and activity levels were hold constant [20, 22]. 

Another explanation proposed to explain the 

association between sleep debt and obesity relates to 

general motor activity [7]. It has been suggested that 

sleep debt causes tiredness, tiredness decreases 

activity, and decreased activity contributes to weight 

gain [7, 26]. Sleep apnea and other sleep disorders of 

breathing produce sleep time restriction and have 

also been linked to increased occurrence of 

hypertension, insulin resistance, and recently to 

increased plasma neuropeptide Y levels, an appetite-

stimulating peptide, all independently of body weight 

[7,27,28].  

 It appears, however, that the link between 

sleep debt and obesity may be independent of 

physical activity [7]. In a sample of 7641 participants 

of the Finnish 2000 Health Examination Survey, 

controlling for the level of physical activity did not 

affect the significant association between sleep 

duration and obesity [7,27]. Moreover, a recent study 

reported that women that reported being short 

sleepers were more likely to have gained weight than 

those than self-reported to be longer sleepers, 

independent of levels of physical activity [7,30].  

From animal models some astonishing hints exist. 

The most robust effect of sleep deprivation in 

rodents is an increase in food intake without a 

corresponding increase in body weight [7,31]. Other 

effects were shown also on biochemical level acute 

sleep deprivation reduced insulin sensitivity in 

skeletal muscle in overexpressed male mice [32]. 

Weight loss is likely an effect of chronic and 

extensive sleep deprivation and/or the methods used 

to produce it [7] One exception to this pattern of 

weight loss was reported in a study of short-term 

sleep restriction in which rats had access to a 

carbohydrate-rich diet; following 72 hours of rapid 

eye movement (REM) sleep deprivation, rats gained 

weight [7, 33]. Sleep deprivation for a period of 72 

hrs produced an increase in day, night and 24 hrs 

intakes of Carbohydrate Rich diet and Total diet and 

consequently Body weight was also increased [33]. 

Sleep disturbances are associated with various 

metabolic diseases such as hypertension and 

diabetes [34]. Glucose intolerance with 

hyperglycemia resulted, although plasma insulin 

levels and body weight increases were identical 

between control and chronic sleep debt mice. 

Findings from animal models suggest that Chronic 

Sleep Deprivation impair glucose tolerance by 

inducing gluconeogenesis and suppressing glycolysis.  

 As initially mentioned, effects of physical 

activity on sleep quality are proven [35], but the 

contradictory is hardly elucidated. Interestingly, for a 

large sample of 17,184 participants aged 18 years or 

older from rural areas of China at baseline from 2007 

to 2008 and followed up from 2013 to 2014 were 

analyzed concerning their sleep pattern. During 6-

year follow-up, Liu et al. (2006) identified 1,101 

deaths, whereby the multivariable-adjusted mortality 

risk was higher with short-duration sleepers (< 6.5 

hours) and long-duration sleepers (≥ 9.5 hours) 

versus 6.5-7.5 hours.  The multiplicative interaction 

of long sleep duration with some lifestyle risk factors 

and health statuses increased the mortality risk in 

men and women (low level of physical activity; 

hypertension; type 2 diabetes mellitus). Sleep 

duration could be a predictor of all-cause mortality 

and its interaction with physical activity, 

hypertension, and T2DM [36].  

 Further studies investigate the relationship 

between sleep duration or sleep quality and the risk 

of type 2 diabetes [37]. Total 563 patients without 

diabetes who received ≥1 year follow-up 

examination were included in the analysis. The 

median follow-up period was 2.5 years. Poor sleep 

quality was associated with a higher risk of diabetes 

after adjusting for age, sex, body mass index, income, 
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physical activity, and family history of diabetes [37]. 

As a risk factor for the development of diabetes, poor 

sleep quality may independently increase the 

incidence of diabetes. To sum up, Obesity and 

diabetes are becoming a huge medical problem, 

whereby a relationship with sleep debt seems to 

exist [7, 38-42] Reasons for this increase are 

incompletely understood [7, 43-45].  

 McAllister et al. (2009) showed a relationship 

between fewer hours of sleep per day (sleep debt) 

and the incidence of obesity from 1960 to present. As 

average daily sleep times have decreased, the 

incidence of obese adults has increased [7] Hints can 

be derived by different studies [7, 46-52]. 

Figure 1. The Ultra-Trail du Mont-Blanc with 170km 

distance and 10000 meters to climb requires a 

special sleep management in order to successfully 

complete the race.   

 Interestingly from Ultramarathon races some 

hints exist. The relationship between sleep strategies 

and performance during the Ultra-Trail du Mont-

Blanc 2013 was analyzed, to test the hypothesis that 

sleep management can influence athletic 

performance [54]. Almost all runners specifically 

adopted sleep management strategies before the race 

[54]. Among the finishers 72% didn't sleep at all 

during the race and 28% took at least one break for 

sleep [54]. Non-sleepers completed the race 

significantly faster than the sleepers. Race time was 

significantly positively correlated with drowsiness 

and significantly negatively correlated with the 

number participations in this race. Runners who 

adopted a sleep management strategy based on 

increased sleep time before the race completed the 

race faster. Most finishers seemed to be aware of the 

importance of developing sleep management 

strategies and increasing sleep time some nights 

before the race appeared to be the most relevant 

strategy to improve performance.  

 Finally, also the effect that athletes know 

from their personal experience respectively their 

body sense that they are after a hard training or a 

competition too exhausted to sleep, was recently 

elucidated. Sleep efficiency in Normal Training was 

higher while during intensified training [55] 

Percentage sleep time fell during intensified training 

despite an increase in time in bed [55]. To sum up, 9-

days of intensified training in highly-trained cyclists 

resulted in significant and progressive declines in 

sleep quality, mood state and maximal exercise 

performance.    

Results and Conclusions  

 As Cicero once wonderful mentioned it is 

exercise alone that supports the spirits and keeps the 

mind in vigor (Cicero 106 BC to 43 BC) from a more 

modern perspective it is also adequate recovery and 

especially sleep that supports [56]. As initially 

mentioned exercise is really medicine [1-6] But the 

other side of the coin seems also to be true: adequate 

and sufficient sleep supports positive effects of 

physical activity and even alone adequate sleep and 

therefore regeneration is important for mind and 

other organ systems [56].  

 Taken the information together, evidence 

concerning effects of sleep on running performance 

have to be taxed as sparse or just don´t exist. What 

has been analyzed are the effects of physical activity 

on sleep. Analyses reveal that acute exercise has 

small beneficial effects on total sleep time, sleep 

onset latency, sleep efficiency, stage 1 sleep, and slow 

wave sleep, a moderate beneficial effect on wake 

time after sleep onset, and a small effect on rapid eye 

movement sleep [57]. Regular exercise has small 

beneficial effects on total sleep time and sleep 

efficiency, small-to-medium beneficial effects on 
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sleep onset latency, and moderate beneficial effects 

on sleep quality. Effects were moderated by sex, age, 

baseline physical activity level of participants, as well 

as exercise type, time of day, duration, and adherence 

[57]. Significant moderation was not found for 

exercise intensity, aerobic/anaerobic classification, 

or publication date.   

 However, evidence concerning effects of 

sleep debt on metabolic diseases are relatively 

broadly discussed implying an effect on the risk to 

develop diabetes or hypertonia or in general 

increasing risk of developing chronic diseases the 

counter mechanism of sleep on running performance 

is hardly elucidated [7, 58, 59]. In principle, sleep 

follows a pattern of first four phases of in sleep 

followed by phases of REM sleep, whereby the first is 

getting shorter and the last are getting longer during 

the night. Different hormones regulate the circadian 

rhythmic such as Melatonin or Cortisol [8]. Especially 

Cortisol affects Glucose metabolism and as a 

consequence nutritional intake. These effects interact 

with several Hormones regulating food intake such 

as Ghrelin, Leptin, Galanin, Orexin or Neuropeptid Y. 

These Hormones regulate food intake, whereby 

effects concerning the interaction process of sleep 

debt, food intake and physical activity are somehow 

controversy discussed and not finally elucidated. 

What has to be mentioned for the relationship for 

sleep and physical activity is even truer concerning 

the relationship of sleep and running performance. 

Well conducted studies analyzing the effects of 

running hardly exist, in contrast to general 

recommendations clearly stating the important 

aspect of sleep for e.g. marathon performance [8-10].  

Especially, it was mentioned that during high training 

volume more sleep is needed allowing the body to 

recover faster [8-10] However, these effects remain 

vague due to lack of serious evidence. The 

interactions of the different partners influencing 

performance on different organ systems and its 

interaction with the different signaling pathway 

probably influenced by sleep debt remain to be 

elucidated. Thereby, a mechanistic understanding of 

all network players influencing human physical 

activity performance is out of view, whereby only 

aspects e.g. of some main players (sleep debt on 

cortisol homeostasis) are described. We understand 

sleep on a descriptive level with our ability to 

analyze EEG, EOG or EMG patterns during sleep a 

complex understanding of all network players with 

its topologic impact is out of view. Future research 

with a strong focus on modeling interactions will 

allow understanding the mechanism better allowing 

deepening our knowledge of sleep on performance. 

 

Practical Implications 

 From a practical point of view, e.g. runners 

that want to crack the 3-hour limit in marathon 

racing normally have to consider, that besides other 

important aspects of preparation more sleep is 

required [9-11]. If you are constantly short in sleep, 

you cannot well perform the marathon. - Elite 

training of more than 130 km per week are only 

possible with adequate nutrition and more sleep. - It 

sounds trivial but you recover while sleeping.  

Overnight energy system, enzymes, neurotransmitter 

and musculature is restored and repaired. - A lot of 

elite runners also take a nap after lunch being well 

rested for the afternoon training. - To sum up, try to 

sleep right, sufficient and adequate assuring not 

being disturbed during the night. 
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