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HIGHLIGHTS

« Insufficient sleep is associated with increased caloric consumption, poor dietary habits, and obesity.

« Insufficient sleep increases snacking and the number of meals consumed per day.

* Excess energy intake associated with insufficient sleep is more driven by hedonic rather than homeostatic factors.
* Although certain foods may promote sleep or improve sleep quality, scientific data are lacking.
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There is increasing evidence showing that sleep has an influence on eating behaviors. Short sleep duration, poor
sleep quality, and later bedtimes are all associated with increased food intake, poor diet quality, and excess body
weight. Insufficient sleep seems to facilitate the ingestion of calories when exposed to the modern obesogenic
environment of readily accessible food. Lack of sleep has been shown to increase snacking, the number of
meals consumed per day, and the preference for energy-rich foods. Proposed mechanisms by which insufficient
sleep may increase caloric consumption include: (1) more time and opportunities for eating, (2) psychological
distress, (3) greater sensitivity to food reward, (4) disinhibited eating, (5) more energy needed to sustain extend-
ed wakefulness, and (6) changes in appetite hormones. Globally, excess energy intake associated with not getting
adequate sleep seems to be preferentially driven by hedonic rather than homeostatic factors. Moreover, the con-
sumption of certain types of foods which impact the availability of tryptophan as well as the synthesis of seroto-
nin and melatonin may aid in promoting sleep. In summary, multiple connections exist between sleep patterns,
eating behavior and energy balance. Sleep should not be overlooked in obesity research and should be included

as part of the lifestyle package that traditionally has focused on diet and physical activity.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Insufficient sleep (short sleep duration and/or poor sleep quality)
has become pervasive in modern societies with 24/7 availability of com-
modities [1,2]. Factors responsible for this secular decline in sleep dura-
tion are numerous and generally ascribed to the modern way of living
(e.g. artificial light, caffeine use, late-night screen time, parental atti-
tudes) [3]. Although reducing sleep time is thought to be a good strategy
to cope with time constraints, an accumulating body of evidence shows
that lack of sleep exerts deleterious effects on a variety of systems,
including detectable hormonal perturbations that may adversely impact
health [4,5]. Epidemiologic studies have shown that both short and long
sleep durations are associated with poor health outcomes including

* Tel.: +1 613 737 7600x3683; fax: +1 613 738 4800.
E-mail address: jpchaput@cheo.on.ca.

0031-9384/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.physbeh.2013.09.006

obesity [6,7], type 2 diabetes [8,9], coronary heart disease [10,11],
hypertension [12,13], and premature death [14,15]. Although the asso-
ciation between sleep duration and health indicators has been reported
to be U-shaped in many studies (especially in studies using self-
reported sleep duration), the adverse effects of inadequate sleep appear
far more important in today's environment [16].

Insufficient sleep has been reported to increase our vulnerability to
overeat in the current obesogenic environment [17]. Overeating as a re-
sult of insufficient sleep is in part due to changes in cognitive functions
involved in reward saliency and inhibitory control [18]. Furthermore,
we have more time and opportunities for eating when spending more
time awake, which allows for easy access to palatable foods. Although
there is increasing evidence showing that sleep has an influence on di-
etary choices (e.g. short sleepers are more likely to consume energy-
dense foods), the consumption of certain types of foods has also been
shown to improve sleep. The objective of this narrative review is to
briefly discuss the evidence linking sleep patterns (especially insuffi-
cient sleep and sleep timing) to appetite control, feeding behavior and
energy balance.
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2. Is insufficient sleep a contributor to obesity?
2.1. Observational evidence

A growing body of epidemiologic evidence associates insufficient
sleep with weight gain and obesity [19-21]. A recent systematic review
and meta-analysis including 634,511 participants from around the
world reported a pooled odds ratio of 1.89 (95% confidence interval:
1.46-2.43) in children and 1.55 (95% confidence interval: 1.43-1.68)
in adults for short sleep duration and its relationship with obesity
[22]. Although the majority of studies have found a significant associa-
tion between inadequate sleep and obesity, the association appears
stronger at younger ages, suggesting that children and adolescents
may be more vulnerable to the effects of inadequate sleep.

It is however difficult to draw causal inferences with epidemiological
studies due to the lack of control for important confounders in many
studies (e.g. depression, psychosocial problems, chronic illness, use of
hypnotics) and inconsistent evidence of temporal sequence in prospec-
tive studies. Furthermore, certain findings suggest that there may be
bidirectional effects, such as insufficient sleep causing weight gain and
obesity causing insufficient sleep, hence creating a setting for a vicious
circle [23]. Another concern is that most studies rely on self-reported
measures of sleep, with only a few studies that have assessed sleep
using actigraphy. Finally, other aspects have the potential to hamper
the interpretation of the evidence in terms of causality, such as the
body weight history and the possibility of common or upstream under-
lying causes. Despite the limitations of epidemiologic studies examining
the association between sleep and adiposity, the preponderance of the
evidence taken as a whole points towards an effect of insufficient
sleep on the vulnerability to develop obesity. Future epidemiologic
research from large prospective cohort studies with objective assess-
ment of sleep habits and repeated measures of both sleep and adiposity
is needed to more adequately establish a causal link, and to better define
the magnitude of any causal effect.

2.2. Experimental evidence

Many short-term intervention studies investigating the effects of
sleep restriction on energy balance have been published over the last
10 years and have significantly contributed to our understanding of
the potential mechanisms by which insufficient sleep may predispose
to weight gain. The seminal study by Spiegel et al. [24] published in
2004 certainly helped to fuel this field of research by experimentally
testing the acute effects of sleep restriction on feeding behavior and
key appetite hormones. They observed that adults undergoing 2 nights
of sleep restriction (4 h time in bed per night) with controlled energy
intake via an intravenous glucose infusion exhibited increased levels
of ghrelin (an orexigenic hormone) and decreased levels of leptin (an
anorexigenic hormone) in conjunction with increased sensations of
hunger and appetite, and this specifically for foods with high carbohy-
drate content. Other experiments have also shown that sleep restriction
increased ghrelin levels and decreased leptin levels in calorically-
restricted adults [25,26]. By contrast, in laboratory studies using ad
libitum food access, which mimics a more natural environment, sleep
restriction was associated with either no change in ghrelin or leptin or
an increase in leptin levels [27-32]. However, ad libitum experiments
are generally consistent in showing that sleep restriction is associated
with increased caloric intake [27,33-35]. Differences in methodology
(e.g. sleep timing) and the energy balance of study participants may
account for the conflicting results obtained with regard to ghrelin and
leptin levels. For example, delaying bedtime might not be the same as
getting up earlier and future studies should better consider the implica-
tions of sleep timing on sleep architecture, food intake and metabolic
and hormonal variables.

Interestingly, Spaeth et al. [36] recently examined the effect of
experimental sleep restriction (5 consecutive nights of 4 h time in bed

per night) on weight gain in 225 healthy adults under controlled labora-
tory conditions. They observed that sleep-restricted participants gained
1 kg more than control participants (P = 0.007), consumed extra calo-
ries (130% of daily caloric requirements), and this increase in daily calo-
ric intake was due to an increase in meal consumption frequency, as
well as the consumption of about 550 additional calories between
22:00 and 03:59. This suggests that sleep-restricted adults with later
bedtimes may be more susceptible to weight gain due to greater daily
caloric intake and the consumption of excess calories during late-night
hours. Similarly, Markwald et al. [37] also quantified the effects of
5 days of insufficient sleep (5 h of sleep per night), equivalent to a
work week, on weight gain in 16 adults. They found that insufficient
sleep led to a 0.82 kg weight gain (P < 0.05), and concluded that
increased food intake during insufficient sleep is a physiological adapta-
tion to provide energy needed to sustain additional wakefulness. They
also observed that transitioning from an insufficient to adequate/recov-
ery sleep schedule decreased energy intake, especially the intake of fats
and carbohydrates, and led to weight loss [37].

However, the ecological validity of these laboratory experiments is
poor because they generally involve abnormally large sleep restrictions,
unnatural environments without medications or caffeine, and a limited
behavioral repertory for handling restricted sleep (for example it is usu-
ally not allowed to go for a walk outside in the fresh air). Because labo-
ratory studies have used large restrictions in sleep, we do not have a
good sense of dose-response relationships and perhaps small sleep
restrictions do not matter. Another limitation of experimental studies
in this field of research is that they are short-term, lasting only a few
days. This raises the question of whether these effects can persist out-
side the laboratory setting when sleep restriction is chronic. Unfortu-
nately, experimental evidence that sleep restriction induces obesity is
not possible in humans for both ethical and logistic reasons. The “gold
standard” would be to conduct a randomized controlled trial in which
we would have to restrict sleep duration in a group of lean individ-
uals in order to be able to compare them with a control group. How-
ever, the slow development of obesity implies that such a study
would have to run for years in a large sample of individuals. Accord-
ingly, we need to rely on short-term intervention studies as well as
epidemiologic studies. Although the proof-of-concept will never be
complete in this field of research, the evidence taken as a whole sug-
gests that insufficient sleep plays a role in the risk of developing obe-
sity. Therefore, there is minimal risk in taking a pragmatic approach
and encouraging a good night's sleep as an addition to other health
promotion measures [38-40].

3. Influence of insufficient sleep on energy balance
3.1. Insufficient sleep and energy expenditure

Sleep influences energy metabolism, and one of its main functions is
to conserve energy [41]. One of the proposed mechanisms that associate
insufficient sleep to weight gain is a decrease in energy expenditure. A
recent well-designed study examining the impact of 5 days of insuffi-
cient sleep (5 h of sleep/night) using a whole room calorimetric cham-
ber found an average increase of ~5% (~111 kcal/d or ~464 kJ/d) in 24-h
energy expenditure during sleep loss compared with a control session
(9 h of sleep/night), which is similar to the energy cost of a 70-kg
adult performing aerobic exercise for ~24 min [37]. This increase in
total daily energy expenditure with sleep loss was predominantly driv-
en by the energy cost of additional wakefulness. However, the increased
fatigue and tiredness associated with sleeping too little could result in
reduced voluntary physical activity in some individuals. For example,
short-term sleep restriction (2 nights of 4 h in bed) was accompanied
by a decrease in daytime spontaneous physical activity in healthy men
[31]. Interestingly, the reduction in overall physical activity was a shift to-
wards less intense activities under free-living conditions. However, while
sleep restriction may decrease physical activity energy expenditure in



88 J.-P. Chaput / Physiology & Behavior 134 (2014) 86-91

some individuals, a better characterization of those more likely to change
their physical activity pattern as a result of sleep restriction is needed
because studies are far from being consistent, and report large inter-
individual variations. Indeed, studies examining the effects of sleep re-
striction on physical activity have provided conflicting results with in-
creased, decreased, or unchanged physical activity levels after restricted
sleep compared to adequate sleep [42].

Based on the current literature, we concluded from a recent review
paper on the topic that short sleep duration does not seem to substan-
tially affect total energy expenditure, nor is there sufficient evidence
in support of any meaningful effect of restricted sleep on the different
components of energy expenditure [43]. While most studies support
the notion that restricting sleep increases food intake, the effects on
energy expenditure are mixed [20]. Factors such as study design, popu-
lations studied and methodological differences associated with the
measurement of energy expenditure may explain the differences in
findings. Compared with the whole room calorimetry precision (0.5-
2%), the doubly-labeled water technique used in prior research [28,34]
provides less sensitive and precise (~6-8%) estimates of energy expen-
diture. More studies with adequate ability to detect small changes in
energy expenditure are thus needed before concluding that sleep re-
striction does not impact total energy expenditure. Be that as it may, it
seems realistic at present to say that excess energy intake is a more
important and plausible mechanism by which insufficient sleep may
predispose to weight gain and obesity.

3.2. Insufficient sleep and energy intake

Many recent intervention studies have reported an increase in food
intake after short-term sleep restriction [27,33,34,36,37,44-47]. Like-
wise, epidemiologic studies are generally consistent in showing that
short sleep duration is associated with higher caloric consumption
and poorer dietary quality [48-50]. We also recently reported that
short sleep duration (<6 h per night) was associated with greater
alcohol consumption and an increased risk of exceeding the guide-
lines for sensible weekly alcohol intake in adults [51]. Thus, it ap-
pears evident that insufficient sleep facilitates the ingestion of
calories when exposed to the modern obesogenic environment of
readily accessible food.

One of the proposed mechanisms by which insufficient sleep may
increase food intake is by altering key appetite hormones (e.g. leptin,
ghrelin, cortisol) in a way that the sensation of hunger is enhanced
(homeostatic drive to eat). However, experimental studies using an
ad libitum food protocol similar to free-living conditions have not
been able to show an up-regulation of appetite hormones [27-32],
thereby not being able to replicate earlier findings from Spiegel et al.
[24]. In particular, the recent sleep restriction study of Markwald et al.
[37] showed that food intake, especially of carbohydrates, was high in
short sleepers despite appropriate responses of satiety and hunger hor-
mones that signaled food intake was in excess, suggesting that the
hedonic aspects of regulating energy intake override homeostatic fac-
tors. Thus, recent investigations suggest that a change in appetite hor-
mones is probably not the main mechanism by which sleep restriction
alters food intake.

In an environment where energy-dense foods are highly palatable
and readily available, caloric intake may be directly proportional to
the time spent awake, especially if most of the time spent awake is
spent participating in screen-based sedentary activities where snacking
is common [52]. This concept is supported by recent data showing that
recurrent bedtime restriction under free-living conditions did not alter
leptin and ghrelin levels but increased snacking, which suggests a
possible hedonic rather than homeostatic drive for food intake [28]. Re-
sults from another study showed that habitual short sleepers (average
of 6 h/night) ate more often (i.e. >3 meals/day with more frequent nib-
bling) than did long sleepers [53]. Experimental sleep restriction also
led to more meals eaten in adults [36] and to an increased consumption

of desserts and sweets in adolescents [46]. Likewise, Weiss et al. [54]
observed that short sleep duration in adolescents was associated with
arelatively higher caloric intake derived from fat and a 2-fold increased
risk of consuming >475 kcal/d from snacks. Thus, lack of sleep can
increase snacking, the number of meals eaten per day, and the prefer-
ence for energy-dense food items. Whether the effect of insufficient
sleep on these food patterns is simply due to more time available to
eat remains to be determined.

It is also possible that insufficient sleep alters brain mechanisms
involved in non-homeostatic eating behaviors (e.g. mood). Interesting-
ly, arecent study reported that psychological distress mediates the asso-
ciation between daytime sleepiness and the consumption of sweetened
products in adults [55]. One explanation in support of this mediating
model is that individuals who experience daytime sleepiness may con-
sume energy-dense foods to upgrade their energy level or to alleviate
their negative mood or psychological distress. This study highlights
that sleep, mood and diet are interconnected, and that efforts to im-
prove diet quality must consider the psychosocial well-being of individ-
uals, especially given the known properties of sweets to temporarily
alleviate fatigue, stress and anxiety [56-58].

Functional magnetic resonance imaging (fMRI) has recently been
instrumental in documenting food-related reward activation in the
brain after sleep restriction. Interestingly, a study in adolescents report-
ed that impaired sleep was associated with less reactivity of reward-
related brain systems, suggesting that more exciting rewards are re-
quired to create the same level of neuronal activation [59]. Furthermore,
two other recent studies reported that sleep restriction leads to in-
creased activation of brain regions sensitive to food stimuli [60,61]. A
subsequent study by St-Onge et al. [62] showed that sleep restriction
increases the neuronal response to unhealthy foods in normal-weight
individuals. These new studies provide evidence that inadequate sleep
enhances hedonic stimulus processing in the brain underlying the
drive to consume foods, and are consistent with the notion that reduced
sleep may lead to a greater propensity to overeat.

The fact that studies are not all consistent in showing an effect of in-
sufficient sleep on food intake highlights the need for a better character-
ization of short-duration sleepers. In order to further explain the inter-
individual variation in weight gain among short-duration sleepers, we
recently explored this issue by measuring disinhibition eating behavior
trait in short- (<6 h), average- (7-8 h) and long-duration sleepers
(=9 h) over a 6-year follow-up period in adults. We observed that hav-
ing a high disinhibition eating behavior trait significantly increases the
risk of overeating and gaining weight in those with short sleep dura-
tions [63]. These novel results emphasize the need to include a disinhi-
bition eating behavior score in the personalized risk assessment of
weight gain and obesity of short-duration sleepers. Furthermore, these
results suggest that short sleep duration alone may not be sufficient in
and of itself to predict weight gain. Similar to our findings, recent exper-
imental data from Markwald et al. [37] showed that sleep restriction
reduced dietary restraint and led to weight gain in women exposed to
5 consecutive days of 5 h in bed. Thus, short-duration sleepers who
are more predisposed to overeating in response to external cues
(i.e. disinhibited eating) should be more prudent because this eating
behavior trait is likely to be augmented with sleep loss.

Collectively, excess energy intake associated with not having an
adequate sleep seems to be preferentially driven by hedonic rather
than homeostatic factors (Fig. 1). From an evolutionary perspective,
animals that stayed awake would need rapid fuel (glucose) for the
brain and nervous system either for predating or avoiding predators,
suggesting that increased caloric consumption (especially energy-
dense foods) can be seen as a normal physiological adaptation to longer
hours spent awake. Future studies should put more emphasis on inves-
tigating the non-homeostatic, reward-driven eating behavior associated
with inadequate sleep [64]. Moreover, solutions should be proposed to
individuals with insufficient sleep in order for them to limit their caloric
consumption, and risk for eventual weight gain.
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Fig. 1. Potential mechanisms by which insufficient sleep may facilitate the ingestion of calories.
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4. Influence of sleep timing on energy intake

In addition to sleep duration, sleep timing (combination of bedtime
and wake up time) may also play an important role in energy metabo-
lism. Recent studies have set out to investigate the effects of misaligned
sleep timing on health [65,66]. For example, an animal model experi-
ment has shown that feeding mice at the “wrong time”, i.e. when they
are supposed to be sleeping, can lead to weight gain [67]. Indeed, the
timing of food intake seems to significantly impact energy balance
[68]. Thus, individuals who are sleep restricted may not only consume
excess calories at night, they may also store more of these calories
than if the same amount of food was consumed earlier in the day. Relat-
ed to this, recent studies showed that the timing of food intake predicts
weight loss effectiveness [69,70]. Altering the distribution of energy
intake during the day such that more calories are consumed in the
morning increases weight loss when energy intake is restricted, again
reinforcing the notion that circadian effects are just as important.

Interestingly, a recent observational study involving 52 adults has
shown that “late sleepers” (midpoint of sleep >5:30 a.m.) consumed
on average 248 more calories per day than “normal sleepers” (midpoint
of sleep <5:30 a.m.), with the majority of the excess calories occurring
at dinner and after 8:00 p.m. [71]. However, a midpoint of sleep at
5:30 a.m. is probably very uncommon in the general working popula-
tion and therefore the external validity of those findings can be
questioned. Likewise, increased daily caloric intake in sleep-restricted
participants (5 nights of 4 h time in bed) involved in a recent experi-
mental study was due to the consumption of 553 additional calories
between 22:00-03:59, with a greater percentage of these calories
derived from fat during late-night hours compared to daytime and eve-
ning hours [36]. These findings suggest that greater caloric consumption
late at night may be a behavior that links later sleep timing to obesity
risk.

Two other recent cross-sectional studies by Australian researchers
have shown that late bedtimes and late wake up times are associated
with a higher risk of obesity and poorer diet quality in children and
adolescents, independent of sleep duration, physical activity level and
socio-demographic characteristics [72,73]. More specifically, children
with a later bedtime/later wake time engaged in less moderate-to-
vigorous physical activity and in more screen time compared to a

group of early bedtime/early wake time children, despite having similar
sleep durations [73]. Similarly, the same authors found that children
with a later bedtime/later wake time had a higher body mass index
(BMI) Z-score and consumed more nutrient poor foods than the early
bedtime/early wake time group [72]. Although the literature is still
sparse, these novel findings suggest that sleep timing, particularly
time of going to sleep, is an important additional factor to sleep duration
that should be considered for the promotion of good health outcomes
and behaviors. However, observational studies do not establish causali-
ty and it is possible that children may be waking up early (therefore
needing to go to bed early) for team sports practices for example.

A better understanding of sleep timing behaviors is thus needed to
determine whether individuals who have habitual late bedtimes engage
in more sedentary time and/or consume excess energy, two behaviors
that may impact body weight. In order to help address this issue, we
recently examined for the first time if sleep timing was associated
with caloric consumption and activity patterns in a sample of obese chil-
dren and adolescents [74]. We observed that daily caloric intake was
425 kcal higher in late sleepers (midpoint of sleep >3:30 a.m.) com-
pared to normal sleepers (midpoint of sleep <2:30 a.m.). Furthermore,
later sleep timing was associated with greater daily energy intake, inde-
pendently of sleep duration, adiposity and moderate-to-vigorous phys-
ical activity. However, this association became non significant after
further adjustment for screen time, suggesting that screen time may
be a possible mediator of the relationship between sleep timing and
increased food consumption. Although sleep timing was not associated
with physical activity in our study, we observed that later sleep timing
was associated with more screen time regardless of total sleep duration.
Thus, sleep timing appears to be an important aspect to consider with
regards to eating and screen time behaviors in obese youth, and that a
narrow focus on sleep duration alone may not be enough. As recently
investigated, limiting the availability of electronic entertainment and
communication devices in bedrooms and discouraging their night-
time use may be a good strategy to promote sleep and reduce obesity
in children [75].

The synchrony between circadian and metabolic processes plays an
important role in the regulation of energy balance and body weight con-
trol [76]. Furthermore, “social jetlag” or the discrepancy between circa-
dian and social clocks in which individuals shift the timing of their sleep
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episode between weekdays and weekend days to accommodate work,
school, or social demands is associated with obesity [77]. Recently,
Hasler et al. 78] provided evidence that circadian misalignment signif-
icantly impacts reward-related behaviors in adolescents. They showed
that greater shifts between weekend and weekday sleep timing were
associated with diminished activity in reward-related brain areas,
which could reflect reduced reward sensitivity. Participants with
lower reward sensitivity are thought to increase the frequency and
intensity of the rewarding activity, such as eating, to sustain a reward
balance [79]. Future studies examining brain activation with fMRI
should focus on the late-night period as this is the time when neuronal
activity related to reward may be associated with increased energy-
dense food consumption.

5. Reverse question: does diet promote sleep duration and improve
sleep quality?

There is a growing body of evidence showing that ingested food can
affect sleep [80]. Almost all nations around the world have traditions
about specific foods that are served to promote sleep. For example,
cow's milk has traditionally been considered a tranquilizing beverage
with sleep-inducing capacity in many Western countries. However,
the evidence is mixed with studies showing no effect [81,82] or an
improvement in sleep [83,84] after the ingestion of milk. Other exam-
ples of sleep-promoting foods include herbal products (e.g. chamomile
tea) and certain fruits (e.g. tart cherries or kiwifruits). Here again, robust
scientific evidence supporting this is, in many cases, nonexistent [80].

Similarly, the evidence supporting a beneficial influence of macro-
nutrient composition of the diet on sleep parameters is weak. Of pro-
teins, amino acid tryptophan is the most promising candidate as a
sleep-promoting nutrient, at least when assessed with pharmacological
doses [80]. Tryptophan is a precursor to the neurotransmitter serotonin
and the neuro-secretory hormone melatonin, both of which are linked
to sleep and alertness. Additionally, deficiencies of group B vitamins
and minerals (e.g. magnesium) may disrupt sleep, and their effect
seems to be based on their influence on the secretion of melatonin [80].

Collectively, sleep can be promoted either by inhibiting wake-
promoting neurochemical factors (e.g. noradrenalin, serotonin, acetyl-
choline, histamine, orexin) or by increasing sleep-promoting factors
(e.g. GABA, adenosine, nitric oxide) through dietary means. Foods
impacting the availability of tryptophan as well as the synthesis of sero-
tonin and melatonin may be the most helpful in promoting sleep.
Although clear physiological connections have been reported behind
these effects [80], the clinical relevance needs to be better investigated.

6. Conclusion

Accumulating evidence suggests that a sleep duration of 7-8 h per
night in adults is associated with the maintenance of good health.
Short sleep duration, poor sleep quality, and later bedtimes are all asso-
ciated with increased food consumption, poor dietary habits, and obesi-
ty. Individuals who sleep less are more likely to snack and consume
energy-rich foods than those having an adequate amount of sleep.
Insufficient sleep adversely affects physiological and psychological
health and impacts certain behaviors (e.g. eating habits, physical activ-
ity participation, alcohol consumption). And so, the maintenance of
overall health is potentially compromised by not getting adequate
sleep. Sleep is not a waste of time and efforts should aim at promoting
a good night's sleep for overall health on a population level. Further-
more, more attention should be paid to find innovative solutions
aimed at reducing poor sleeping habits of individuals.
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