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Sleep participates in the regulation of body weight. The amount of sleep and 

synchronization of the biological clock are both necessary to achieve the energy balance 

and the secretion of hormones that contribute to weight regulation. In this review, we first 

reconsider what normal physiological sleep is and what the normative values of sleep are 

in the general population. Second, we explain how the biological clock regulates the 

hormones that may be involved in weight control. Third, we provide some recent data on 

how sleep may be disturbed by sleep disorders or reduced by sleep debt with consequences 

on weight. Finally, we explore the relationships between sleep debt and obesity. 
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Having a regular good night of sleep is recommended as one of the major requirements for 

good health in children, but also in adults (WHO, 2005; NIH, 2011). Sleep has a crucial role 

in many somatic, cognitive, and psychological processes and sleeping well appears to be a 

health imperative, essential for survival (Siegel, 2009; Diekelmann and Born, 2010; Dolgin, 

2013; Luister et al, 2012; Benedict et al, 2014). Although scientists are still studying the 

concepts of basal sleep needs, increasing evidence shows that sleeping too little may 

impact severely on metabolism with a higher risk of diabetes, overweight or obesity 

(Stranges et al, 2008; Buxton et al, 2010; Cappuccio et al, 2010a; Cohen3Mansfield et al, 

2010; Knutson, 2010; Cappuccio et al, 2011; Chao et al, 2011; Theorell3Haglöw  et al, 

2012; Faraut et al, 2013; Guo et al, 2013; Kronholm et al; 2013; Nagai et al, 2013; Ramos 

et al, 2013a; Ramos et al, 2013b) and even mortality risks (Kripke et al, 2002; Stranges et 

al, 2008; Gallichio et al, 2009; Cappuccio et al, 2010b; Grandner et al, 2010; Kronholm et 

al; 2013; Kurina et al, 2013; Maia et al, 2013) across populations. Sleep research has 

already shown that sleeping too little can affect memory and immunity, and can 

jeopardize safety (Buxton et al, 2010; Cappuccio et al, 2010a; Cohen3Mansfield et al, 2010; 

Knutson, 2010; Cappuccio et al, 2011; Chao et al, 2011; Theorell3Haglöw  et al, 2012; 

Faraut et al, 2013; Guo et al, 2013; Kronholm et al; 2013; Nagai et al, 2013; Ramos et al, 

2013a; Ramos et al, 2013b) and even survival (Kripke et al, 2002; Stranges et al, 2008; 

Gallichio et al, 2009; Cappuccio et al, 2010b; Grandner et al, 2010; Kronholm et al; 2013; 

Kurina et al, 2013; Maia et al, 2013;). In recent years, chronic short sleep duration (<6 

hours) has also been associated with an increased risk of overweight, obesity, diabetes, 

hypertension and cardiovascular diseases (Buxton et al, 2010; Cappuccio et al, 2010a; 

Cohen3Mansfield et al, 2010; Knutson, 2010; Cappuccio et al, 2011; Chao et al, 2011; 

Theorell3Haglöw  et al, 2012; Faraut et al, 2013; Guo et al, 2013; Kronholm et al; 2013; 

Nagai et al, 2013; Ramos et al, 2013a).  
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However, it is not clearly understood whether extending the duration of sleep may have a 

protective metabolic impact in short duration sleepers, as has been suggested by some 

preliminary studies (Gumenyuk et al, 2013; Markwald et al, 2013).  

Several meta analyses and reviews have been recently devoted to the association between 

sleep loss and obesity or diabetes (Bayon et al, 2014; Capuccio et al, 2010; Galicchio et al, 

2009; Knutson and Van Cauter, 2008; Kurina  et al, 2014; Magee and Hale, 2012; Schmid et 

al, 2014). All underlined the significant association between sleep deficit and the 

regulation of weight. In this review, we want however to describe more precisely the basis 

of sleep physiology and the biological clock in order to help readers to understand how 

sleep is useful for weight regulation.  

The goal of this review is to better understand the role of sleep in the regulation of body 

weight. It would be then first necessary to describe what normal physiological sleep is, and 

what the normative values of sleep are in the general population. 

In the second part we would give details on how the biological clock regulates hormones 

that may contribute to weight control;  

Thirdly we will try to better understand, on the basis of recent epidemiological data, how 

sleep may be disturbed by sleep disorders or reduced by sleep debt with consequences on 

weight 

Finally we will try to carefully explore the pathways explaining the relationships between 

sleep debt and obesity. 
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It is still mysterious to observe that most of the species on the planet are regulated by a 

permanent alternation of sleep and wakefulness around a 243hour period. Consciousness 

and activity appear every morning and our days are spent performing occupational and 
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social activities (including meals and physical activity, which directly affect body weight). 

Then, every evening, we retire to lie down and sleep for several hours in an unconscious 

state, except for dreaming. This period, which has always been considered as non3active, 

and unproductive by some, is probably one of the most important times of the 243hour day 

for conservation of energy, modulation of brain activity and clarification and organization 

of mood and cognition. Sleep is frequently viewed as a part of the 243hour cycle and a 

response to the previous period of wakefulness. It is less often described in its own merit. 

Physiologists have, however, described sleep in humans, which is now recorded and 

analyzed according to international consensus rules (Littner et al, 2003). 
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To observe the physiological states of sleep, it is necessary to perform polysomnography 

(PSG): a simultaneous recording of electroencephalogram (EEG), electromyogram (EMG) 

and electrooculogram (EOG). Other recordings are also sometimes, but not always, 

performed: respiration, electrocardiogram (ECG) and internal temperature (Littner et al, 

2003).  

When we are awake, the EEG is characterized by alfa waves (8312 Hz oscillations), EMG 

shows high muscle tone and the EOG shows fast saccadic movements. When we lie down 

and fall asleep, oscillations appear on the EEG, including alpha and theta waves (4.538 Hz), 

K3complexes (isolated sharp negative deflections) and spindles (12315 Hz 0532 second long 

periods), which are characteristics of stage 2. At the same time, muscle tone decreases on 

the EMG and the EOG shows slow rolling eye movements. After a sufficient period of sleep, 

slow3wave (034 Hz) large amplitude oscillations appear that progressively dominate the 

EEG, with no eye movements on the EOG. This period is called SWS or non3rapid eye 

movement (NREM) sleep (Iber et al, 2004; Silber et al, 2007).  

Rapid eye movement (REM) sleep is a totally different state of consciousness that usually 

appears abruptly following a first period of 60 to 90 minutes of NREM. It is characterized 

by an association of low amplitude theta3like oscillations, muscle tone is drastically 



M
A

N
U

S
C

R
IP

T

 

A
C

C
E

P
T
E

D

ACCEPTED MANUSCRIPT

6 

decreased on EMG and the EOG shows rapid and symmetric eye movements (Iber et al, 

2004; Silber et al, 2007).  

In normal good sleepers, NREM and REM sleep alternate throughout the night with a 

periodicity of 60 to 90 minutes called the sleep cycle. A sleep cycle begins by a transition 

from wake or from first stages of SWS (Stage 1 and 2) to deeper and continuous Stage 3 

SWS and then followed by an episode of REM. A typical 7 to 8 hour night of sleep includes 

four to five sleep cycles. The duration of each cycle is about the same throughout the 

night, but the durations of the NREM and REM components are not. At the beginning of the 

night, REM episodes are short and NREM long; at the end, REM periods are longer and NREM 

shorter (Iber et al, 2004; Silber et al, 2007).  

Good quality sleep is defined by several criteria: the sleep onset latency (SOL), the total 

sleep time (TST), wake after sleep onset (WASO) and the percentages of NREM and REM 

sleep. SOL is defined as the time period between switching off the light and the first 

period of sleep. It usually takes less than 30 minutes to fall asleep for adults. Most good 

sleepers report an SOL of 10 to 15 minutes. WASO is defined as the time spent awake 

during sleep (less than 30 minutes a night for good sleepers). The TST is the time between 

the first period of sleep and the final awakening (with WASO deducted). The TST varies 

from childhood (10312 hours) to the elderly (637 hours) and is usually around 7 hours in the 

general population on weekdays (Ohayon et al, 2004). 
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Exactly how many hours of sleep per day are needed in adults according to their age and 

environmental and socio3cultural issues is unknown. Some authors recommend 8 hours of 

sleep, whereas others believe 7 hours may be sufficient for adults, with a shorter duration 

being necessary in the elderly (Ohayon et al, 2004; Horne, 2011; Leger et al, 2011; Leger 

et al, 2012; National sleep foundation, 2013; Leger et al, 2014; Grandner et al, 2014).  
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Most experts agree that sleep has to compete with multiple tasks in today’s 243hour 

society, which may have resulted in a marked reduction in sleep duration around the 

planet, especially for adolescents and young adults (Leger et al, 2012; Bin et al, 2013). 

However, a recent survey in an impressive sample of adults (328,018 subjects) from 10 

countries, showed that sleep times had not reduced in several countries, except in the 

most active and young subjects (Bin et al, 2012; Bin et al, 2013). 
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The sleep3wake cycle in humans is driven by two inter3related processes: the homeostatic 

process (which describes the progressive impact of time spent awake on the need for 

sleep) and the circadian process, which is dependent on the biological clock (Borbely, 

1998). This clock is situated in the suprachiasmatic nucleus (SCN) of the anterior 

hypothalamus, at the top of the optic chiasm and next to the third ventricle, and has been 

shown to synchronize many physiological and behavioral variables on a 243hour rest and 

activity pattern. Studies conducted in the 1970s on subjects isolated from all 

environmental factors provided evidence of an endogenous circadian rhythm of the SCN 

(Moore3Ede, 1983), which can be considered as a central circadian clock, but with other, 

peripheral clocks located in most of the peripheral tissues and organs, allowing 

independent expression of some local physiological cell groups (Pilorz et al, 2014; Summa 

and Tureck, 2014).  

The biological clock is mainly influenced by light, the most potent synchronizer of the 

clock (Gronfier et al, 2004; Gronfier et al, 2007). Light is detected by specific retinal 

ganglion cells (containing melanopsin, a photo pigment), which transmit the light signal to 

the SCN via the retino3hypothalamic tract. The effect of light on the clock depends on the 
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internal time of exposure: light is, for example, more powerful in the first part of the night 

and phase delays the circadian system. It is also dependent on the light intensity, duration 

and wavelength (e.g., blue light is considered the most powerful).  

����������������
�����	��	
��	��	����������	����������	��	������
�����
�����	��

Several hormones participating in metabolism have been shown to have a circadian 

secretion profile that depends on the biological clock. However, this circadian effect is 

sometimes modulated by the balance between REM and non3REM SWS. Most of the results 

collected have concerned the hormones of the hypothalamic3pituitary axis and those 

implicated in the regulation of glucose metabolism, appetite and water and salt balance 

(Leproult and Van Cauter, 2010).  

Many studies have been devoted to observing the relationship between sleep and 

hormones, but most of them have been conducted in small numbers of young and healthy 

adults, under strictly controlled conditions. The interaction of hormones with sleep in 

older and non3healthy persons is certainly much more complex. Nevertheless, it is 

interesting to understand how sleep and hormones are normally linked (Leproult and Van 

Cauter, 2010).  

3 For the hypothalamic3pituitary3somatotrophic system, many studies have shown a clear 

relationship between growth hormone (GH) release in humans and the occurrence of SWS 

(Van Cauter et al, 2004). GH levels are increased during sleep with the major pulse 

occurring soon after the beginning of sleep during the first phase of SWS. Van Cauter et al. 

(1992) first showed that a pulse of GH occurs approximately every two hours, associated 

with the cyclic occurrence of SWS. The largest pulse of GH is suppressed when the subject 

is kept awake at the beginning of the night. Reciprocally, GH is increased when SWS is 

stimulated pharmacologically by gamma3hydroxybutyrate (GBH) (Van Cauter et al., 2004).  

3 In the hypothalamic3pituitary3adrenocortical system, the circadian power is more clearly 

shown (Guyon et al, 2014). The level of cortisol in humans reaches a nadir at sleep onset, 

shows a rapid increase in the middle of the night at the moment of the deepest sleep, and 
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peaks in the morning, close to the habitual wake time. The secretion of cortisol is not 

affected by sleep restriction or restoration after sleep deprivation, confirming the 

influence of the circadian clock via the SCN pathway on its secretion (Weitzman et al, 

1983). Blood infusion of cortisol in human increases SWS and decreases REM sleep but the 

physiological pathway explaining these effects is poorly understood (Friess et al., 2004). 

3 Thyroid3stimulating hormone (TSH) release also has a clear circadian profile, with its 

nadir during daytime, increasing before sleep onset and reaching its maximum in the 

middle of the night (Allan and Czeisler, 1994). One night of sleep deprivation increases the 

peak of TSH the subsequent night, but not two nights later (Gronfier and Brandenberger 

1998), explained by a possible interaction of associated T3 increase on the TSH level. No 

circadian rhythms have been shown for triiodothyronine (T3) or thyroxine (T4) 

concentrations (Allan and Czeisler, 1994).  

3 Ghrelin and leptin levels are both increased during sleep. These two peripheral 

hormones, leptin (a 16 kDa polypeptide cytokine) and ghrelin act on the hypothalamic 

nuclei to regulate energy balance and food intake (Spiegel, 2004). Leptin is produced 

mainly by adipocytes and inhibits appetite, whereas ghrelin is released by the stomach and 

stimulates appetite (Leproult and Van Cauter, 2010). A ghrelin peak occurs during the 

beginning of the night and is suppressed in case of sleep deprivation. However, there is no 

evidence linking ghrelin to any specific REM or SWS stages (Schuessler et al., 2005).  

Infusion of ghrelin increases SWS and decreases REM sleep probably via its effect on GH 

(Weikel et al, 2003). 

The circadian rhythm of leptin has also been shown, with a steady increase at the onset of 

sleep and a peak at the end of sleep in the morning (Shea et al (2005)). Leptin has not 

always been shown to be altered by sleep restriction. In 14 healthy young men who 

underwent 24 h total sleep deprivation, Benedict et al. (2011) found no change in the 

leptin circadian rhythm. Similar findings were reported in a prospective study in 21 lean 

teenage boys (15319 years) after 3 consecutive nights of 4 hours sleep (Klingenberg et al., 
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2012). Finally, no change in leptin levels was observed in young men (20340 years old) 

submitted to a single night of 4.5 h sleep compared to one night of 7 h sleep, despite 

increased ghrelin levels and hunger (Schmid et al, 2008). 

In the Wisconsin Sleep Cohort, after controlling for confounding factors, a U3shaped 

curvilinear association was found between sleep duration and body mass index (BMI). 

Subjects sleeping less than 8 h had an increased BMI proportional to the decreased length 

of sleep. Short sleep duration was associated with low leptin and high ghrelin levels 

independently of BMI, age, sex, and other confounding factors (Leproult and Van Cauter, 

2010). No significant correlation was found between sleep duration, insulin, glucose and 

lipid profiles. 

3 Plasma glucose concentrations remain stable during the night despite the absence of 

meals. This is largely due to modulation of endogenous glucose production by the liver and 

the kidney. This is despite changes in insulin sensitivity in the second part of the night and 

increased glucose consumption during REM sleep (Spiegel et al 2000).  

Some experimental studies of sleep restriction have shown a link between sleep debt and 

impaired glucose metabolism leading to a risk of type 2 diabetes. In 11 young men, Spiegel 

et al. (1999) compared glucose tolerance, cortisol levels and activity of the sympathetic 

nervous system after sleep restriction of 4 hours in bed for 6 nights and 12 hours sleep 

recovery for 7 nights. During the sleep restriction period, insulin sensitivity was not 

significantly different, and glucose tolerance was lower than in recovery conditions 

(p<0.02). Glucose effectiveness (the ability of glucose to mediate its own disposal 

independent of insulin) was 30% lower during sleep restriction than during recovery, as was 

the acute insulin response (p=0.05). Glucose tolerance returned to the normal range after 

sleep recovery. 
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The epidemiology of sleep disorders has been well documented as a result of international 

consensus on classifications with two recent updates of the International Classification of 

Sleep Disorders, third edition (American Academy of Sleep Medecine, 2014), and the 

Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (American Psychiatric 

Association , 2013). Among the various classified sleep disorders, three may be considered 

as having a possible association with weight: obstructive sleep apnea (OSA), insufficient 

sleep syndrome and narcolepsy. No specific association has been found between the most 

frequent sleep disorder, insomnia, and any weight problem. Insomnia concerns 20% of 

adults, women more than men (Leger et al., 2010 Ohayon, 2002). The incidence of 

insomnia increases with age until 65 years and then decreases consistently. Ten percent of 

adults have severe insomnia on a regular basis with 50% using hypnotic drugs on a daily 

basis. 

3 Sleep apnea syndrome is almost always associated with overweight or obesity. According 

to the ICSD33 (American Academy of Sleep Medicine, 2014), OSA is defined as the 

association of non3restoring sleep, sleepiness during the day, snoring or awakening with 

breath holding, gasping or choking. The diagnosis is made on PSG, which shows 5 or more 

apneas or hypopneas per hour of sleep. Snoring is a very common complaint, reported by 

at least 10350% of males and 4317% of females (Punjabi, 2008). The reference prevalence 

study on OSA is the one conducted in the Wisconsin Cohort (Young et al., 1993), which 

reported that 2% of women and 4% of men had an apnea index greater than 5. Excess body 

weight is a major risk factor for OSA, with 70% of OSA patients being overweight or obese. 

Overweight acts mechanically by mass loading on the upper airway tract (Deegan an 

McNicholas, 1995). It is frequently reported that the neck circumference is a better 

predictor of OSA than the BMI. 

3 Narcolepsy is a rare disease with a prevalence of around 0.002 to 0.005%, which is 

characterized by chronic excessive sleepiness and specific cataplexies (possible episodes of 

muscle weakness promoted by positive emotions) (American Academy of Sleep Medicine, 
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2014). Narcolepsy is associated with a subtotal loss of wake3promoting hypocretin (orexin) 

neurons in the lateral hypothalamus. Orexin also has an orexigenic effect and the deficit of 

these neurons may be associated with overweight, especially when the disease first 

appears (Inocente et al., 2013). 

Increasing evidence indeed suggests that not having enough sleep may be associated with 

adverse health effects, such as obesity, type 2 diabetes, hypertension and cardiovascular 

disease (Grandner et al., 2014, Guo et al., 2013; Altman et al., 2012). Reduced sleep 

duration and sleep quality are increasingly frequent in modern society and are likely linked 

to changes in the socioeconomic environment and lifestyle (Bixler, 2009). The percentage 

of adults who reported sleeping 6 hours or less increased by 536% between 1985 and 2004 

(National Sleep Foundation, 2004). Most studies in college students indicate that they are 

chronically sleep deprived with self3reported average sleep duration of around 7 hours per 

night (Taylor and Bramoweth, 2010) versus the 9 to 10 hours usually recommended for 

adolescents. 

Numerous cross3sectional and longitudinal epidemiological studies have examined the 

association between sleep duration and weight gain in children, adolescents and adults and 

we will discuss the results of some recent meta3analyses on this issue. 

3 Cappuccio et al provided quantitative estimates of the cross3sectional association 

between sleep duration and obesity in children and in adults (Cappuccio et al, 2008). 

Thirty3six studies were included in the meta3analysis, with a total of 30 002 children and 

604 509 adults. In children, the pooled OR for short duration of sleep (< 10 hours) and 

obesity (BMI > 95th percentile) was 1.89 [1.4331.68; p<0.0001]. In adults, the pooled OR 

was 1.55 [1.4331.68; p<0.0001]. The authors also demonstrated that adults reporting five 

or less hours of sleep per night were at a higher risk of being obese, and that every 

additional hour of sleep was associated with a 0.35 kg/m² decrease in BMI. 

3 The same year, another meta3analysis of cohort and cross3sectional studies in the general 

pediatric population identified 17 studies (Chen et al, 2008). The pooled OR predicting 
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obesity from short sleep duration was 1.58 [1.2631.98]. This meta3analysis supported a sex 

difference in the association, with boys having a stronger inverse association than girls (OR 

= 2.50 [1.8833.84] vs. OR = 1.24 [1.0731.45]). The results also showed a significant linear 

dose3response relationship between decreased sleep duration and increased BMI in young 

children (< 10 years old). 

3 A recent systematic review of 20 longitudinal studies reported similar results (Magee and 

Hale, 2012). Among the 13 studies performed in adults, 4 found an association between 

short sleep duration and weight gain, 4 found an association between short and long sleep 

duration and weight gain and 5 studies found no significant association. All the 7 

longitudinal studies involving children reported an association between short sleep 

duration and increased weight. 

These reviews suggest that children and adolescents may be more vulnerable to the effects 

of insufficient sleep. Sleep is important for brain development. Sleep loss at a young age 

may alter the hypothalamic mechanisms that regulate appetite and energy expenditure. 

Another possibility to explain the effect of age is that the impact of sleep duration on 

weight gain may alter over time such that short duration sleepers may not continue to gain 

weight linearly. 

Interestingly one recent survey evaluated the association between sleep duration, body 

weight and adiposity (Bailey et al., 2014). Among 330 young women (aged around 20), 

inconsistent sleep patterns and poor sleep efficiency were related to adiposity. In this 

study, sleep was monitored by actigraphy and physical activity and body composition were 

also objectively measured. Interestingly, other sleep variables, such as sleep quality and 

sleep efficiency (SE), calculated as a ratio between total sleep time/total sleep periods, 

had a stronger association with BMI than did sleep duration. These findings support the 

importance of considering consistent sleep, which can be defined as sleep with no 

interruption, and wake schedules in future studies. 
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However, our review lets us understand that the results of the studies described were 

based on many different protocols. Thus, there is a lack of consensus on how to assess 

sleep duration in epidemiological studies. Some reported self3assessments; others used 

more validated sleep logs or questionnaires. It is also an issue to find how chronic diseases 

may reciprocally affect sleep quality and quantity; and furthermore, if disturbed sleep may 

be partly implicated in the process of these chronic diseases. I.e. chronic pain is associated 

with insomnia, which in turn increases pain sensitivity. Observational studies suggest that 

the effects of sleep loss on obesity appear to be stronger in children than in adults.To 

clarify the effects of sleep duration on the risk of weight gain, randomized prospective 

interventional trials are needed. Although depriving subjects of sleep for extended periods 

of time may be unethical, extending sleep in individuals with short sleep duration and 

obesity could help to clarify the relationships. 
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In addition to epidemiological data, it may be of interest to show the various hormonal and 

behavioral pathways that have been studied in order to better understand the association 

between short sleep duration, overweight and obesity. 

 	��	�������������

As we previously noted, sleep deprivation has been found to be associated with decreased 

leptin levels in some studies, but not in all, and increased ghrelin levels in numerous 

works. The imbalance between these hormones, which are part of the orexin system that 

integrates control of feeding, wakefulness and energy expenditure, may explain the 

change in hunger after sleep deprivation, with increased appetite for snacks, fat and 

carbohydrates, ultimately leading to weight gain (Knutson and Van Cauter, 2008). Sleep 

debt also decreases brain glucose utilization, which may be one of the mechanisms 

underlying the decrease in glucose tolerance (Spiegel et al., 2005). Altered sympathetic3
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vagal balance with an increase in sympathetic activity as shown by RR variability and 

increased catecholamine levels may be a pathway by which sleep loss exerts systemic 

effects, explaining the decreased insulin response to intravenous glucose perfusion (Spiegel 

et al., 2000; Spiegel et al., 2005). This altered balance may also be involved in the 

reduction in leptin levels during sleep debt conditions. Experimental studies have also 

demonstrated an increase in cortisol levels in the evening, which may impact on insulin 

sensitivity the following morning and promote a delayed night3time of GH secretion (when 

sleep time is delayed and sleep restricted). This effect may adversely influence glucose 

regulation, leading to transient insulin resistance in muscle cells, decreased glucose 

uptake, elevated blood glucose levels and increased insulin resistance in other tissues. GH 

secretion is indeed known to facilitate a regular glucose level during the night, despite 

fasting conditions (Spiegel et al., 2000; Spiegel et al., 2005). Increased sympathetic 

nervous activity can also decrease insulin secretion from pancreatic β3cells. Moreover, we 

know that sleep restriction is associated with increased levels of pro3inflammatory 

cytokines, predisposing to insulin resistance and diabetes (Spiegel et al., 2005). 

!�����	�������������

Acute or short3term sleep restriction is consistently reported in association with an 

increase in food intake, calorie consumption and poor dietary quality, and also alcohol 

consumption. After partial sleep deprivation, the increased meal and calorie intake was 

attributed to snacks with a higher carbohydrate or fat content. For example, 14 normal 

weight men received a standard breakfast and were told to purchase as much as they could 

(for a given fixed budget, from 20 high3caloric and 20 low3caloric foods) after a normal 

night of sleep or after total sleep deprivation (Chapman et al., 2013). After sleep 

deprivation, ghrelin concentrations were higher and men purchased significantly more 

calories and grams of food than after one night of sleep. Altered food purchasing and 

increased food intake may represent two behavioral mechanisms that explain weight gain 

in sleep3deprived men. A significant increase in calorie intake, especially fat, without 
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change in energy expenditure was also found after 6 nights of 4 hours in bed in non3

overweight adults (St Onge, 2013). 

In addition to hormonal pathways, Chaput (2014) suggested that food intake can be 

overridden by hedonic rather than homeostatic factors. This suggestion was based on the 

recent observation that overeating and weight gain occurred after sleep restriction (5 

days) in healthy adults despite increases in leptin and peptide YY (PYY) and decreases in 

ghrelin, which signaled food intake was in excess (Markwald et al., 2013 ). These 

hypotheses were confirmed by fMRI studies showing, in normal3weight adults, that 

inadequate sleep enhances hedonic stimulus processing in the brain underlying the drive to 

consume foods, and is consistent with the notion that reduced sleep may lead to a greater 

propensity to overeat (St Onge et al., 2012). For example, it has been shown that sleep 

restriction (4 h/night for 6 nights) enhanced regional brain activity during food stimuli in 

regions involved in reward (St Onge et al., 2012) and also enhanced the neuronal circuitry 

related to unhealthy food types (St Onge, 2013). Hogenkamp et al. (2013) also showed that 

young men had increased feelings of hunger in the morning after total sleep deprivation, 

which were accompanied by overeating with a preference for snacks, specifically after 

breakfast and not in the fasted state. For these authors, the observed food behavior was 

driven by both homeostatic and hedonic factors. 

Chaput, therefore, postulated that in an environment where energy3dense foods are highly 

palatable and readily available, caloric intake may be directly proportional to the time 

spent awake, especially if most of the time awake is spent participating in screen3based 

sedentary activities where snacking is common (Chaput, 2013). Increased television 

viewing and computer and internet use during adolescence have been shown to be 

associated with higher odds of consumption of sweetened beverages especially at the 

upper tail of the BMI distribution between ages 14 to 18 years (Mitchell et al., 2013). 
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Another possible behavioral link between sleep deficit and obesity is the time at which 

people go to sleep. Recent studies have shown that sleep timing can predict weight3loss 

effectiveness in humans (Garaulet et al., 2013). For these authors, eating late compared 

with early (e.g., lunch time after versus before 3:00 pm) impaired the success of a 203

week weight loss therapy in overweight/obese patients. Because energy intake, dietary 

composition, estimated energy expenditure, appetite hormones and sleep duration were 

similar in early3 and late3eaters, the authors suggested that changes in the chronotype, 

genetic background, and/or the circadian system function may be implicated.  

'�	��		���"�(���
�
���	�����
��	
��
� �	�

The link between sleep and weight now seems evident based on epidemiological data and 

on results from clinical and basic research in humans. However, we discussed previously 

how this strong association was based on a complex interaction between behavioral and 

hormonal pathways. Despite a huge amount of research on this issue this last decade, 

there are still some limitations in research which may reduce the impact of prevention: we 

would here therefore propose several tracks for future research: 

3 Sleep debt is associated with weight gain and obesity, but it is not actually known how 

sleep extension may improve weight regulation. One crucial issue is in children and 

adolescents. It would be important to observe prospectively sleep deprived and overweight 

children, encouraged to sleep more during a sufficient period of time.  It may also be 

interesting to propose regular naps to adult short sleepers and to study how it may limit or 

reduce overweight. 

3 We presented results on how sleep deprived subjects had a tendency of eating high 

caloric food. However there is a lack of knowledge on which kind of nutrients and what 

type of meals may improve the quality and the quantity of sleep. On both epidemiology 

and basic research, it would be important to know better how nutriments are specifically 

implicated in weight gain in sleep deprived subjects. 
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3 Another important research track is to try to adopt consistent tools in epidemiology and 

research in order to better define normative sleep amounts for each age group. Total sleep 

time is often assessed by a single question in big prospective surveys and/or on simple and 

unvalidated questionnaires. Polysomnography (PSG) is not an easy tool to use in big 

surveys. However it may be used more extensively in basic research conjointly with wrist 

actigraphy. 

PSG has also to be used to better understand the link between sleep quality and weight 

control. There is a need of research on the respective roles of NREM and REM sleep in the 

hormonal and behavioral pathways between sleep and weight. 

3 Finally education programs on nutrition, physical activity and sleep have also to be tested 

in children and adults to assess how they are powerful and possibly applicable at school or 

at the workplace. 
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