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Abstract
Purpose of review—This review summarizes the most recent evidence linking decreased sleep
duration and poor sleep quality to obesity, focusing upon studies in adults.
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Recent findings—Published and unpublished health examination surveys and epidemiological
studies suggest that the worldwide prevalence of obesity has doubled since 1980. In 2008, 1 in 10
adults was obese, with women more likely to be obese than men. This obesity epidemic has been
paralleled by a trend of reduced sleep duration. Poor sleep quality, which leads to overall sleep
loss has also become a frequent complaint. Growing evidence from both laboratory and
epidemiological studies points to short sleep duration and poor sleep quality as new risk factors for
the development of obesity.
Summary—Sleep is an important modulator of neuroendocrine function and glucose metabolism
and sleep loss has been shown to result in metabolic and endocrine alterations, including
decreased glucose tolerance, decreased insulin sensitivity, increased evening concentrations of
cortisol, increased levels of ghrelin, decreased levels of leptin, and increased hunger and appetite.
Recent epidemiological and laboratory evidence confirm previous findings of an association
between sleep loss and increased risk of obesity.
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According to recent estimates, the worldwide prevalence of obesity has doubled since 1980
[1]. This obesity epidemic has been paralleled in modern society by a trend of reduced sleep
duration [2]. Poor sleep quality, which is often associated with overall sleep loss, has also
become a frequent complaint [2]. Growing evidence both from laboratory and
epidemiological studies points to short sleep duration as a new risk factor for the
development of obesity and its complications [3,4]. Sleep is an important modulator of
neuroendocrine function and glucose metabolism and sleep loss has been shown to result in
metabolic and endocrine alterations, including decreased glucose tolerance and alteration of
appetite regulating hormone.
This brief review summarizes the most recent literature examining the link between sleep
loss and obesity, focusing upon studies in the adults.
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Sleep duration and obesity risk: epidemological evidence
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Sleep ‘is a restorative process of the brain, by the brain, and for the brain’ [5], but it is now
clear that sleep is important for health of the entire body. The decrease in sleep duration and
increase in sleep complaints in modern society [2] raise concerns for a negative impact of
chronic sleep disturbances on health in general, not only mental health.
Behavioral sleep curtailment is becoming endemic in modern times. Ours is a 24-h society
with more evening and night-time work and leisure activities, which all lead to a sacrifice of
hours available for sleep. This has had a major impact on sleep time, duration of dark
exposure, and overall organization of circadian rhythms through the exposure to artificial
light after sunset and often before sunrise, resulting in later bedtimes, reduced total sleep
time, and the opportunity to be active and ingest food during the natural night.
Feeding represents a major synchronizer of peripheral circadian clocks, which have been
found in virtually all tissues. Delayed feeding due to prolonged night-time wakefulness leads
to desynchrony between central circadian and peripheral clocks [6].
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Indeed circadian desynchrony as it occurs in shift workers is associated with
cardiometabolic alterations [7] and increased risk of metabolic syndrome and cardiovascular
disease [6,8–10]. On the basis of the link between circa-dian desynchrony and obesity and
metabolic disorders, obesity could represent a ‘chronobiological disease’ [10].
To date, approximately 50 epidemiological studies done in different geographical regions
have examined the association between sleep and obesity in adults and children. The
majority found a significant association between short sleep (generally <6 h per night) and
increased obesity risk [11–14]. A meta-analysis of 18 studies in 604 509 adults
demonstrated a pooled obesity odds ratio (OR) of 1.55 (1.43–1.68; P < 0.0001) for less than
5 h of sleep and a dose effect of sleep duration such that for each additional hour of sleep
BMI decreased by 0.35 kg/m2 [15].
Table 1 summarizes the most recent cross-sectional and prospective studies [16–19,20•,21•,
22,23•–25•].
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Buxton and Marcelli [16] demonstrated a 6% increase in the probability of obesity in 56 507
US adults with a wide age range (18–85 years) for self-reported sleep duration of less than 7
h per night. An analysis of the data in 45 325 adults from the ‘45 and UP Australian Study’
confirmed an increased risk of obesity for short sleep duration in the 55–64 age group
[adjusted OR (AOR) 1.52 for sleep <6 h, confidence interval (CI) 1.21–1.89, and 1.42 for
sleep = 6 h, CI 1.26–1.61] but not in the elderly (>65 years) [17]. Additionally, in a smaller
cohort from the same data set they demonstrated that in men, but not women, increased
work hours were associated with higher BMI [18]. The association was partially mediated
by sleep duration because men who worked longer hours slept less.
Anic et al. [19] in a cohort of 5549 US adult women demonstrated that the effect of short
sleep duration was even stronger for extreme obesity (AOR of BMI ≥40 kg/m2 3.12 for <6 h
of sleep, CI 1.70–5.75).
A recent single study objectively measured sleep duration by full-night polysomnography
[20•] and demonstrated an inverse correlation between sleep time and both waist
circumference [adjusted beta coefficient (Adj. β) –1.22 cm/h; P = 0.016] and sagittal
abdominal diameter (Adj. β –0.46 cm/h; P = 0.001) [26]. These associations were stronger
in women less than 50 years old.
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The largest prospective study followed 35 247 Japanese workers (90% males) over 1 year
[21•]. Short sleep duration (6 h or less) was associated with an increased risk of obesity in
men only with an AOR 1.91 for the shortest sleep duration (<5 h; CI 1.36–2.67) and AOR
1.5 for 5–6 h of sleep (CI 1.24–1.8). The lack of a similar finding in women may be
attributed to the small sample size. A 6-year Italian study demonstrated in 1597 male and
female adults that every additional hour of sleep decreased the incidence of obesity by 30%
[22]. In a prospective study, Nishiura and Hashimoto [23•] analyzed the dietary patterns of
2362 non-obese Japanese workers. The association between short sleep and obesity (AOR
2.46 for <6 h; CI 1.41–4.31) was only partially explained by dietary patterns (preference for
fatty food, skipping breakfast, snacking, and eating out).
Hairston et al. [24•] performed abdominal computed tomography (CT) scans to evaluate
visceral and subcutaneous adipose tissue (VAT and SAT, respectively) at baseline and 5
years in 322 African–Americans and 775 Hispanic Americans. A sleep duration of 5 h or
less was associated with an increase in BMI (+1.8 kg/m2, P < 0.001), in VAT (+13 cm2, P >
0.01), and in SAT (+42 cm2, P < 0.0001), only in younger patients (≤40 years old).
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The recent studies [17,20•,24•] confirm the previously published results of a stronger
relationship between sleep duration and obesity risk in the younger cohorts, suggesting that
age-related factors other than sleep disturbances may play a more important role in the
development of obesity later in life.

Sleep duration and obesity risk: laboratories studies
The relationship between sleep and obesity is likely mediated by multiple pathways. An
upregulation of the activity of orexin neurons and changes in appetite-regulating hormones
may affect food intake. It has been previously shown that ghrelin, a hormone promoting
hunger, increases with sleep restriction, whereas leptin, a hormone contributing to satiety
perception, decreases [3,11,27–29]. More recently, Spiegel et al. [30] analyzed the 24 h
ghrelin profile in relation to meal and sleep in 14 healthy young men and showed an
inhibitory effect of sleep on ghrelin secretion.
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Figure 1 provides a schematic representation of the orexin system, which represents the link
between sleep and feeding. Orexigenic neurons regulate the homeostatic feeding center in
the hypothalamic arcuate nucleus, and concurrently affect hedonic feeding mediated by the
‘reward centers’ (ventro-tegmental area and nucleus accumbens) [11]. Leptin and ghrelin are
peripheral signals directly interacting with the arcuate nucleus, and ultimately modulating
the orexin system activity to decrease and increase food intake, respectively. Their secretion
is also modulated by the autonomic nervous system activity. A shift of the sympathovagal
balance to higher sympathetic activity has been observed in studies of sleep deprivation
[27,31].
Additionally, sleep loss could affect energy balance by decreasing both exercise and
nonexercise energy expenditure. Leptin by itself increases energy expenditure [32];
therefore, changes in leptin after sleep deprivation would affect both caloric intake and
energy expenditure. Energy expenditure in sleep loss has been poorly studied, but it is
conceivable that sleepiness and fatigue increase sedentary behavior and therefore decrease
exercise-related energy expenditure under real life conditions [33]. Moreover, decreased
body temperature has been shown in conditions of prolonged total sleep deprivation [34].
Jung et al. [35] recently demonstrated that after 40 h of sleep deprivation, participants
showed an increase of 24-h energy expenditure, largely due to a 32% increase during the
night. The decrease in leptin and increase in ghrelin observed in similar studies of total sleep
deprivation [36,37] could be interpreted not only as a direct effect of sleep loss, but also as a
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short-term compensation to the increased energy expenditure rather than a direct effect of
sleep loss.
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Six recently published laboratory studies of sleep deprivation are summarized in Table 2
[38•,39–43]. These utilized various sleep interventions and caloric intake conditions but did
not measure energy expenditure. The initial finding of a decrease in leptin levels after partial
sleep deprivation was observed under conditions of strictly controlled caloric intake and
BMI was unchanged [27,28]. When feeding is ad libitum an increase in weight generally
occurs and has therefore the opposite effect on leptin levels, which may be more responsive
to changes in adiposity than to changes in sleep duration. Ghrelin levels were measured in
only one of the six studies.
In 10 overweight middle-aged adults under condition of caloric restriction, Nedeltcheva et
al. [38•] observed an increase in ghrelin levels and hunger, but not change in leptin levels,
after 2 weeks of sleep restriction (–1.5 h per night) compared with 2 weeks of sleep
extension (+1.5 h per night).
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Two studies measured morning leptin after partial sleep deprivation [39,40] and
demonstrated an increase, rather than a decrease. This finding could be explained by the
delay of bedtime to the early morning with a shift forward of the nocturnal elevation of
leptin. Simpson et al. [40] allowed ad libitum food intake throughout the study, but they did
not evaluate any change in weight or total caloric intake.
Pejovic et al. [41] confirmed a 24-h circadian rhythm of leptin with a daytime suppression
following nighttime sleep. After a night of total sleep deprivation, the leptin profile was
flattened due to higher daytime levels. This phenomenon may be explained by the lack of
suppression from the previous night-time sleep. Hunger, food intake, and preference were
unchanged in condition of uncontrolled caloric intake. Ghrelin was not measured.
Higher leptin levels associated with decreased sleep time have also been reported in a recent
cross-sectional study by Hayes et al. [25•]. Morning leptin levels were inversely associated
with total sleep time; for each hour of decreased sleep there was a 6% increase in leptin
levels after controlling for obesity and associated comorbidities (Table 1).
The Wisconsin Sleep Cohort study, consisting of 1024 volunteers, found that 5 h of habitual
sleep time, as assessed by polysomnography, was associated with a 15% decrease in
morning leptin levels and a similar increase in morning ghrelin levels [42].
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The different results of the laboratory studies may be attributed to the difference in the study
design such as the duration of the sleep restriction protocol and the caloric intake during the
leptin and ghrelin sampling period (controlled [27,38•,39] vs. noncontrolled food intake
[40,41]).
Eating behavior after sleep deprivation was also examined in two recent studies. Brondel et
al. [42] described increased caloric intake and hunger after 4 h of night sleep in 12 normal
weight young adults. Similarly, preliminary data in 10 healthy young adults by Tasali et al.
[43] reported a 14% increase in caloric intake, particularly for carbohydrate-rich nutrients,
during an ad libitum buffet, after four nights of 4.5 h in bed, compared with 8.5 h.
These findings suggest that excessive food intake associated with insufficient sleep may be a
mechanism for increased obesity risk.
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Sleep disturbance and obesity risk
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Table 3 summarizes the most recent studies examining the relationship between sleep
disturbance and obesity risk [44–46,47•,48].
Obstructive sleep apnea
Sleep loss occurs not only as a result of habitual behavior, but also in presence of
pathological conditions associated with disturbed sleep, like obstructive sleep apnea (OSA).
The increase in both the prevalence and the severity of obesity has translated into an
increase in the prevalence of obesity-related comorbidities including OSA. The prevalence
of OSA in the US adult population has been estimated to be 24% in men and 9% in women
[49] but is increased in severe obesity by up to 93.6% among men and 73.5% among women
[50].
OSA is characterized by recurrent episodes of complete or partial obstruction of the upper
airway during sleep associated with progressive respiratory effort to overcome the
obstruction. These events lead to cortical micro-arousals and oxygen desaturation and
overall sleep fragmentation, chronic sleep loss, and increased sympathetic nervous activity
[51]. Whether the sleep fragmentation secondary to OSA results in similar
pathophysiological mechanisms like sleep deprivation [52] has not been well studied.
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Although compelling evidence shows that obesity predisposes to OSA and that losing
weight results in OSA improvement, recent studies suggest that OSA itself may cause
weight gain. If sleep deprivation appears to be a risk factor for obesity, the sleep
fragmentation, overall sleep loss, and daytime sleepiness associated with OSA could
similarly favor weight gain, which then further worsens OSA. According to this new
paradigm, OSA would cause a complex interaction of behavioral changes, leptin resistance,
and increased ghrelin levels leading to decreased physical activity and/or an increase in
unhealthier eating habits. A few studies have previously suggested that increased severity of
OSA [53,54] and excessive daytime sleepiness [55] are associated with decreased physical
activity by self-report. A recent cross-sectional study in a small sample of clinic patients
[56] found that increased OSA severity was associated with objectively measured decreased
physical activity, after controlling for age, sex, and daytime sleepiness. The small sample
size and the study design are obvious limitations and, therefore, this study does not
unequivocally prove that OSA leads to decreased physical activity but suggests a
mechanism worth exploring.

NIH-PA Author Manuscript

Alternatively, OSA could directly affect appetite regulation and ultimately result in
increased caloric intake. Studies in patients with OSA and similarly obese controls showed
that those with OSA had gained weight in the year preceding the diagnosis [57] and had
higher leptin levels than expected based on their percentage body fat [57–60] suggesting that
OSA is associated with greater resistance to the weight-reducing effect of leptin than obesity
alone. Multiple intervention studies in adults demonstrated a decrease in leptin levels in
patients treated with continuous positive airway pressure (CPAP) [58,61–65]. Night-time
levels of ghrelin are increased in obese patients [66]. One study showed that 2 days of CPAP
treatment were sufficient to significantly decrease ghrelin levels in patients with OSA [65].
In addition to causing sleep fragmentation and overall sleep loss, OSA also involves
respiratory distress, hypoxia, and hypercapnia with the result of an increase in sympathetic
nervous activity. Leptin secretion in OSA could be triggered by hypoxia [67,68], whereas
ghrelin release could be related to sympathetic activation [69].

Curr Opin Clin Nutr Metab Care. Author manuscript; available in PMC 2013 April 22.

Beccuti and Pannain

Page 6

NIH-PA Author Manuscript

Appetite regulation in OSA and the effect of OSA treatment are still the subject of a recent
investigation. Eun et al. [44] showed that surgical treatment of OSA leads to a decrease in
leptin levels in the absence of weight change, independently of the severity of OSA. Ursavas
et al. [45] measured significantly higher serum ghrelin levels in 55 patients with newly
diagnosed OSA compared with nonapneic age-matched and BMI-matched participants,
despite no difference in total sleeping time and sleep efficiency. Ghrelin levels correlated
with the apnea-hypoxia index (AHI) and with subjective sleepiness. In this study, adipokines
such as leptin, adiponectin, and resistin did not differ between the groups.
The published studies have not measured subjective ratings of hunger, food preferences, or
food intake. One of the abnormalities of sleep architecture seen in OSA is reduced slow
wave sleep (SWS) or ‘deep’ sleep. Preliminary data showed that experimental suppression
of SWS without affecting sleep duration in young healthy adults leads to increased hunger
for calorie dense foods with high carbohydrate content particularly in the afternoon and
evening hours [70]. In parallel with these early findings in the adults, a very recent study in
5–9-year-old obese children with and without OSA demonstrate that children with OSA ate
2.2 times more fast food and less healthy food such as fruits and vegetables, and they were
4.2 times less likely to be involved in organized sports [71]. Furthermore, OSA severity
positively correlated with plasma ghrelin levels [71].
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Poor sleep quality and excessive daytime sleepiness in the absence of obstructive sleep
apnea
Severe obesity appears to be associated with marked sleep disturbances, even in individuals
who do not have OSA [72–75]. Such sleep disturbances may equally predispose severely
obese individuals to accumulate a sleep debt and may contribute to the dysregulation of
appetite, limit the drive for physical activity, and further compromise weight maintenance.
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Cross-sectional studies examining self-reported sleep quality have generally found that
worse sleep quality is associated with higher BMI [76–78], but the longitudinal studies have
been scarce and the results inconsistent [79,80]. A more recent cross-sectional analysis in
400 women participants in the Sleep and Health in Women Study showed that not only sleep
duration but also sleep quality, as determined by sleep efficiency and sleep architecture
(specifically minutes of SWS, the ‘deep restorative sleep’) were inversely related to waist
circumference, after adjusting for age, level of physical activity, smoking status, alcohol
consumption and AHI [20•]. Such associations were stronger in young women (age <50
years), suggesting that in older age the relationship between sleep quality and obesity may
be less robust. The relationship between less time spent in SWS and central obesity could be
mediated by a decrease in growth hormone level, which is secreted during SWS. Growth
hormone deficiency is associated with visceral obesity, which can be reversed by growth
hormone replacement [81,82]. Furthermore, a reduced amount of SWS leads to elevated
cortisol levels, which favor central obesity [83].
In the Cardiovascular Health Epidemiology Study, which focused exclusively on African–
Americans, an impressive 50% or more of the participants surveyed reported suboptimal
sleep duration and low-sleep quality as assessed by the Pittsburgh Sleep Quality scale [46].
In a multivariate analysis model, the effect of sleep duration on obesity risk was rather
modest, with a significant association between lower sleep quality and increased BMI in
women only, and this association was modulated by perceived stress level as measured by
the Cohen scale.
A sex difference in the association between poor-sleep quality and obesity risk has been
confirmed in a longitudinal study of 7000 Finnish adults, aged 40–60 years. In women, sleep
problems (difficulty initiating and maintaining sleep) predicted weight gain after 5–7 years.
Curr Opin Clin Nutr Metab Care. Author manuscript; available in PMC 2013 April 22.
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Moreover, there was a graded effect depending on the frequency of the sleep disturbances
[47•].
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Nordin and Kaplan [48] examined the effect of sleep discontinuity on the development of
obesity over a 30-year period in approximately 7000 middle-age adults. Sleep quality was
self-reported and assessed by the question ‘how often do you have any trouble getting to
sleep or staying asleep’? On the basis of the answers compared from the first and last
observation, the participants were divided into four categories of sleep continuity,
consistently good continuity, consistent discontinuity, impaired continuity (worsened over
time), and improved continuity. The main outcome was the risk of transition to and from
obesity. Consistent sleep discontinuity was associated with 70% risk of conversion to
obesity after adjusting for confounding variables related to demographics, pain, lifestyle,
and health including sleep duration. Both consistent sleep discontinuity and impaired sleep
continuity reduced the chance for transitioning from obesity, thus increasing the risk of
staying obese. The major limitation of the study was that sleep quality and anthropometrics
were self-reported and the analysis could not control the presence of a sleep disorder like
OSA, which could in part account for the risk of weight gain.

Conclusion
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Sleep curtailment has become a common behavior and an increasing number of adults report
sleep complaints in modern society. Laboratory studies and multiple epidemiological studies
have linked short-sleep duration and poor-sleep quality to obesity risk. With the growing
prevalence of chronic sleep loss, any causal association between sleep alterations and
obesity would have important public health implications. Currently, there is a lack of
interventional studies in real life conditions aimed at increasing sleep duration and
improving sleep quality in order to prevent weight gain or facilitate weight loss. A National
Institute of Health (NIH)-funded randomized control trial [84] will enroll 150 US short
sleeper adults (<6.5 h per night) and restore 7.5 h of sleep per night for 3 years to examine
the effect of sleep extension on energy homeostasis and body weight.
Until results from such studies are available, the current evidence supports recommending
sufficient amounts of habitual sleep and good sleep hygiene in subjects at risk of obesity.
Sleep is the ‘most sedentary activity’, yet may be the only one that protects from weight gain
[85].
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•

The worldwide increase in the prevalence of obesity in the last several decades
has been paralleled by a trend of reduced sleep duration in adults, as well as in
children.

•

Evidence from both longitudinal and prospective epidemiological studies
suggests that chronic partial sleep loss is associated with an increase in the risk
of obesity.

•

Laboratory studies show that sleep restriction leads to hormonal alterations,
which may favor an increase in calories intake and a decreased energy
expenditure and ultimately lead to weight gain.

•

In addition to short sleep duration, evidence suggests that also sleep disturbance,
such as obstructive sleep apnea and poor sleep quality, may increase obesity
risk.

•

Prospective interventional studies are needed to clarify whether increasing sleep
duration or improving sleep quality protects from weight gain or even favors
weight loss.

•

Until results from such studies are available, the current evidence supports
recommending sufficient amounts of habitual sleep and good sleep hygiene in
patients at risk of obesity.
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Figure 1. Main pathways connecting sleep–wake regulation and feeding and possible
mechanisms for the adverse impact of sleep loss on energy homeostasis

NIH-PA Author Manuscript

Central to this hypothesis is the role of the orexin system, which is inhibited by sleeppromoting neurons in the ventrolateral preoptic area (VLPO) containing gammaaminobutyric acid (GABA). The orexigenic neurons, located in the lateral hypothalamic area
(LHA) and posterior hypothalamus (PH), play a major role in the maintenance of arousal by
activating the ascending arousal system and the entire cerebral cortex and modulating other
central nervous system nuclei and structures involved in sleep–wake regulation. Orexin
activity is also involved in the regulation of feeding by: (a) increasing the activity of the
neuropeptide Y (NPY) neurons in the arcuate nucleus of the hypothalamus, thus, affecting
homeostatic food intake; (b) stimulating the nucleus tractus solitarius (NTS) and the
paraventricular nucleus (PVN), which integrate peripheral signals of energy balance,
appetite, and satiety; (c) stimulating the dopaminergic ventrotegmental area (VTA) and
nucleus accumbens (NA), the ‘reward centers’, which regulate nonhomeostatic food intake;
(d) increasing sympathetic activity, which will in turn inhibit leptin release and stimulate
ghrelin release. Lower leptin and higher ghrelin levels will act in concert to further activate
orexin neurons resulting in an increased drive for both homeostatic and nonhomeostatic food
intake. Adapted with permission from [11].
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Table 1
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Summary of the recent epidemiological studies examining the association between sleep duration and obesity
in adults

NIH-PA Author Manuscript
NIH-PA Author Manuscript

Author

Description

Cohort

Sleep assessment

Results

Buxton and
Marcelli [16]

Cross-sectional
Data source: 2004–05
US National Health
Interview Survey (US)

56 507 M, F
Age 18–85 years

Self-reported sleep duration

<7 h 6% higher probability of obesity
7–8–h reference category
>8 h 3% higher probability of obesity

Magee et al.
[17]

Cross-sectional
Data source: 45 and
UP Study data
(Australia)

45 325 M, F
Age 55–95 years

Self-reported sleep duration

Age 55–64 years
<6 h AOR obesity 1.52 (CI 1.21–1.89; P
< 0.001)
6 h AOR obesity 1.42 (CI 1.26–1.61; P <
0.001)
7 h reference category
≥9 h AOR obesity 1.19 (CI 1.06–1.34; P
< 0.001)
Age >65: NS

Magee et al.
[18]

Cross-sectional
Data source: 45 and
UP Study (Australia)

16 951 M, F fulltime workers
Age 45–65 years

Self-reported sleep duration

Inverse association between sleep duration
and BMI (β = –0.615, P < 0.001)

Anic et al.
[19]

Cross-sectional
Data source:
Collaborative Breast
Cancer Study (US)

5549 F
Age 20–75 years

Self-reported sleep duration

<6 h AOR of obesity 1.89 (CI 1.45–2.47; P
< 0.0001); AOR extreme obesity 3.12 (CI
1.70–5.75; P = 0.0003)
6–6.9 h AOR obesity 1.52 (CI 1.23–1.89; P
= 0.0003); AOR extreme obesity 2.22 (CI
1.27–3.87; P = 0.0003)
7–7.9 h reference category
≥9 h AOR obesity NS; AOR extreme
obesity 2.53 (CI 1.10–5.78; P = 0.023)

TheorellHaglow et al.
[20•]

Cross-sectional
Data source: Sleep
and Health in Women
Study (Sweden)

400 F
Age 29–70 years

PSG recorded sleep duration

Inverse association between sleep duration
and both waist circumference (Adj. β = –
1.22 cm/h; P = 0.016) and sagittal
abdominal diameter (Adj. β = –0.46cm/h; P
= 0.001).

Watanabe et
al. [21•]

Prospective 1 year
Data source: workers
of electric power
company (Japan)

31 477 M (mean
age 40 ± 9 year
old) and 3770 F
(mean age 38 ± 9
years)

Self-reported sleep duration

M

Bo et al. [22]

Prospective 6 years
(Italy)

1597 M, F
Age 45–64 years

Self-reported sleep duration

Each hour increase in total sleep time = 30%
reduction in incident obesity (AOR 0.7/h; CI
0.57–0.86; P < 0.001)

Nishiura and
Hashimoto
[23•]

Prospective 4 years
Annual health screen
at a gas company
(Japan)

2362 M
Age 40–59 years

Self-reported sleep duration

<6 h AOR of obesity 2.46 (CI 1.41–4.31; P
= 0.011)
7–7.9 h reference category
≥8 h NS

Hairston et al.
[24•]

Prospective 5 years
Three communities
from the IRAS Family
Study (USA)

322 M, F African–
Americans and 775
M, F Hispanic
Americans
Age 18–81 years

Self-reported sleep duration

Age <40 years
≤5 h increase in BMI (+1.8 kg/m2, P <
0.001), SAT (+41 cm2, P < 0.0001), and
VAT (+13cm2, P < 0.01)
6–7 h reference category
≥8 h increase in BMI (+0.8 kg/m2, P <
0.001), SAT (+20 cm2, P < 0.01), and VAT
(+6 cm2, P < 0.05)
Age >40: NS

Hayes et al.
[25•]

Cross-sectional study
Data source:
Cleveland Family
Study (USA)

561 M, F
Mean age 44.5 ±
16.1 years

PSG recorded sleep duration

Each hour decrease in total sleep time:
6% increase in leptin levels (P = 0.01)
14% increase in visfatin levels (P = 0.02)
Each hour decrease in REM sleep:
15% increase in leptin levels (P = 0.01)
31% increase in visfatin levels (P = 0.05)

<5 h AOR of obesity 1.91 (CI 1.36–2.67;
P < 0.001)
5–5.9 h AOR of obesity 1.5 (CI 1.25–1.8;
P < 0.001)
7–8 h reference category
F: NS
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In each study, the association is expressed as higher probability or adjusted odds ratio (AOR) of obesity (BMI ≥30kg/m2) or increased waist
circumference. Studies were conducted in different geographical regions. Sleep duration was self-reported or measured by overnight
polysomnography (PSG). Adj. β, adjusted beta coefficient; CI, confidence interval; F, female; IRAS, Insulin Resistance Atherosclerosis Study; M,
male; NS, not significant; REM, rapid eye movement; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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Table 2

NIH-PA Author Manuscript

Summary of the recent laboratory studies examining the effects of sleep deprivation on weight, hunger, food
intake, and appetite regulating hormones

NIH-PA Author Manuscript

Author

Intervention

Participants

Caloric intake

Changes with sleep
deprivation

Nedeltcheva et
al. [38•]

Partial sleep deprivation
TIB 7 h × 2 days vs. 5.5 h ×
14 days and 8.5 h × 14 days

10 M, F; mean age 41 ±
5 years; mean BMI 27.4
± 2 kg/m2

Caloric content restricted to
90% of resting metabolic rate

5.5 h (vs. 8.5)
Same weight loss
↓ fat mass loss
↑ fat-free mass loss
Leptin (24h profile): ←→
Acylated ghrelin (24 h
profile): ↑
Hunger: ↑

Omisade et al.
[39]

Partial sleep deprivation
TIB 10 h × 2 days vs. 3 h ×
1 day

15 F; age 18–25 years;
BMI 18.3–51.9 kg/m2

Matched meals

Weight: n/a
Leptin (AM and PM
assessment): ↑
Ghrelin: n/a
Hunger: ←→
Caloric intake: n/a

Simpson et al.
[40]

Partial sleep deprivation
TIB 10 h × 2 days vs. 4 h ×
5 days

136 M, F; age 22–45
years; BMI 17.7–32.6
kg/m2

Ad libitum food access

Weight: n/a
Leptin (single AM
assessment): ↑
Ghrelin: n/a
Hunger: n/a
Caloric intake: n/a

Pejovic et al.
[41]

Total sleep deprivation TIB
8 h × 4 days 40 h sleep
deprivation 8 h × 2 days
(recovery)

21 M, F; age 18–30
years; lean and
overweight

Non-controlled food intake

TSD (vs. recovery):
Weight: n/a
Leptin (24h profile): ↑
Ghrelin: n/a
Hunger: ←→
Food intake: ←→

Brondel et al.
[42]

Partial sleep deprivation
TIB 8 h × 2 days vs. 4 h × 1
day

12 M; age 18–29 years;
BMI 19–24.6 kg/m2

Ad libitum food intake after
sleep restriction

Weight: n/a
Leptin: n/a
Ghrelin: n/a
Hunger: ↑ before breakfast
and dinner
Caloric intake: ↑

Tasali et al.
[43]

Partial sleep deprivation
TIB 8.5 h × 4 days vs. 4.5 h
× 4 days

10 M, F; age 18–28
years; BMI 20–25 kg/
m2

Matched meals/ad libitum
buffet at the end

Weight: ←→
Leptin (single AM
assessment): ↑
Ghrelin: n/a
Hunger: n/a
Caloric intake: n/a

F, female; M, male; n/a, not available; TIB, time in bed; TSD, total sleep deprivation.
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Table 3

NIH-PA Author Manuscript

Summary of the recent studies examining the relationship between poor sleep quality and measures of obesity
and appetite regulation

NIH-PA Author Manuscript

Author

Description

Cohort

Sleep assessment

Results

Eun et al. [44]

Interventional study
(OSA surgery); patient
from sleep center with
obstructive sleep apnea
(Korea)

51 M; age 26–65
years; BMI 20.9–
35.8 kg/m2

PSG

Decreased leptin levels after surgery
(before 8.1 ± 7.3 vs. after 6.1 ± 5.5,
<0.001) without change in BMI

Ursavas et al.
[45]

Cross-sectional
Patient from Sleep Center
(Turkey)

55 apneic patients;
mean age 51.1 ± 1.2
years; mean BMI
32.5 ± 0.9 kg/m2
15 nonapneic

PSG

Ghrelin level significantly higher in OSA
group (565 ± 44 pcm/ml vs. 403 ± 90 pcm/
ml)
Leptin: NS

Bidulescu et al.
[46]

Cross-sectional
Data source:
Cardiovascular Health
Epidemiology Study
(USA)

1515 M, F African–
American
Age 30–65 years

Self-reported sleep
quality (Pittsburgh
Sleep Quality Index)

F

Lyytikainen et
al. [47•]

Prospective 5–7 years
Data source: Helsinki
Health Study (Finland)

7332 M, F
Age 40–60 years

Self-reported sleep
quality (Jenkins Sleep
Questionnaire)

F

Nordin and
Kaplan [48]

Prospective 30 years
Data source: Alameda
County Study (USA)

≈2700 M, F
Age ≥17 years

Self-reported sleep
quality (continuity)

Consistent sleep discontinuity: 70%
increase of obesity risk
Both consistent sleep discontinuity and
impaired sleep continuity: reduced chance
for transitioning from obesity, increased
risk of staying obese
Improved sleep continuity: NS

Low sleep quality: AOR obesity 1.08
(CI 1.03–1.12)
Score of Sleep disturbance: AOR obesity
1.48 (CI: 1.16–1.89)
M: NS
Difficulty initiating sleep: AOR weight
gain ≥5 kg; 1.65 (95% CI: 1.22–2.22)
Wake up several time: AOR weight gain
≥5 kg; 1.48 (95% CI: 1.16–1.89)
Trouble staying asleep AOR weight gain
≥5 kg; 1.41 (95% CI: 1.13–1.75)
M: NS

Sleep quality was self-reported or assessed by overnight polysomnography (PSG). AOR, adjusted odds ratio; CI, confidence interval; F, female; M,
male; NS, not significant; OSA, obstructive sleep apnea.
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