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INTRODUCTION

Eating and sleeping are two essential behaviors that humans 
engage in on a daily basis. Sleep disruption is frequently observed 
in patients with psychiatric disorders [1]. Sleep should be under-
stood as a major phenotype of the circadian rhythm. Sleep/circa-
dian rhythm disturbance is associated with increased sensitivity 
to a wide range of psychopathological conditions and is not only 
the result of difficulties in starting or sustaining sleep for individ-
uals, but sleep/circadian systems are a result of complex interac-
tions between many brain regions, neurotransmitters and modu-
latory hormone systems [2].

More recently, studies indicate sleep and circadian disturbance 
as a clinical marker closely associated with eating disorders. Some 
studies reported that patients with eating disorder who experi-
ence impaired sleep show more clinical symptoms including high-
er binge and vomiting frequency than patients without impaired 
sleep [3,4]. In a follow-up treatment study, Lombardo et al. [5] 
showed that patients with eating disorder who showed more sleep 
disturbances resulted in poorer treatment outcomes after six 
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months than patients who did not. Also, a study showed that pa-
tients with eating disorders reported to be more of evening-types 
than healthy controls [6]. Along with treatment, patients with eat-
ing disorders tended to shift towards morning-type as symptom 
severity tended to decline. As such, past research highlights ab-
normalities in sleep and circadian pattern in eating disorder pa-
tients. In this review, we will investigate sleep and circadian dys-
regulation in four main groups: 1) anorexia nervosa (AN), 2) 
bulimia nervosa (BN), 3) binge eating disorder (BED), 4) night 
eating syndrome (NES). The current study decided to include NES 
because, recent studies started to propose the relationship be-
tween circadian misalignment and disordered night eating. 

Since eating disorders are associated with high mortality rates, 
and comorbid sleep disturbances may result in more clinical symp-
toms and higher mortality rates [3], sleep in eating disorders should 
be thoroughly examined. The aim of this paper is not only to re-
view the relationship between sleep/circadian rhythm and eating 
disorder but also to review hypothesized mechanisms of sleep 
and circadian disturbances in eating disorder. 

http://crossmark.crossref.org/dialog/?doi=10.33069/cim.2020.0027&domain=pdf&date_stamp=2020-12-31
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ANOREXIA NERVOSA

AN is characterized by inappropriate eating behavior, a perva-
sive pursuit of thinness, an intense fear of weight gain, and dis-
turbed body image [7]. In general, researchers have subdivided 
AN into restricting type and bulimic type. Restrictors strive to 
keep themselves underweight by excessive dieting, fasting and 
exercising, and bulimics binge eat and engage in purging behav-
iors at times [8]. 

Sleep disturbance is generally known as a symptom and a risk 
factor of depression. Since AN often coexist with depression [9], 
past scholars have addressed the effect of mood symptoms in ex-
amining the sleep disturbances that eating disorder patients expe-
rience. Earlier studies using objective measures like electroenceph-
alographic (EEG) reported that patients with AN showed greater 
number and longer awakenings from sleep than did the patients 
with depression alone [10,11]. Also, some studies have suggested 
that not all sleep parameters are associated with depression [12,13]. 
This is remarkable considering that impaired sleep is an estab-
lished feature related to depression.

Regarding the features of impaired sleep, past studies showed 
that AN patients had more awakenings after sleep onset, reduced 
sleep efficiency, and reduced slow wave sleep [12,14,15]. However, 
some studies have failed to find significant differences in sleep pa-
rameters of AN patients and healthy controls except for differenc-
es in REM density [16] and self-reported sleep disturbances [17]. 
These conflicting observations may pertain to the heterogeneity 
of the samples. Patients diagnosed with AN may show marked 
difference in their eating patterns, depending on their key symp-
toms. A study indicated that patients diagnosed as AN can be sub-
divided into restrictors (55%) and bulimics (45%) [18]. As men-
tioned earlier, restrictors engage in fasting to keep their body 
weight low, whereas bulimic anorexics binge-eat at times. There-
fore, differential symptoms of the subtypes should also be taken 
into consideration.

Several studies demonstrated that sleep disturbances in patients 
with AN may be associated with food deprivation and thus low 
body weight. An EEG study showed that AN patients at low body 
weight showed reduced sleep and more restlessness, especially de-
creased slow wave sleep [19]. Reduced slow wave sleep was cor-
related with body mass index (BMI). After weight gain, patients 
showed significant increase in sleep length and REM sleep [19]. 
In a study by Levy et al. [20], bulimic and anorexic patients did 
not show polysomnographic difference from those of healthy con-
trols, but low weight anorexics showed less slow wave sleep. These 
studies may imply that food deprivation can cause decrease in 
slow wave sleep and total sleep length. 

Studies on the relationship between reduced body weight and 
sleep disturbance in AN patients have implicated changes in a neu-
ropeptide called orexin. Orexin is known to signal hunger as a re-
sponse to starvation [21]. In rodents, starvation led to increased 
orexin level [22]. Increased orexin level is also known to promote 
wakefulness and arousal [23,24]. Also, administration of orexin 

receptor antagonists is known to promote sleep [25]. In many 
studies, treatment of insomnia symptoms using suvorexant, an 
orexin receptor antagonist has been reported to be generally ef-
fective [26-28]. Among women with AN, higher orexin level was 
associated with poorer self-reported sleep quality and sleep effi-
ciency [29]. In addition, restricting type of AN patients showed 
decrease in orexin level after six months of treatment [30]. Taken 
together, studies point to a possibility of restricting anorexic pa-
tients experiencing sleep disturbances in relation to increased 
orexin level caused by starvation. 

Furthermore, many researchers have suggested the importance 
of examining circadian hormone secretion in patients with AN. 
In a study by Galusca et al. [31], the circadian profile of an orexi-
genic peptide called 26Fa was significantly higher in AN patients 
especially during the afternoon and evening compared with healthy 
controls who showed higher values in the morning and abrupt de-
crease at noon. Patients with BN showed circadian profile of 26Fa 
comparable to those of healthy controls. 26Fa is reported to pro-
mote wakefulness in rodents and implied to be associated with 
arousal like orexin is [32]. Delayed 26Fa phase in AN patients may 
be related to the sleep problems that they experience. In addition, 
many studies have suggested that patients with AN show abnor-
mality in circadian profiles of hormones that regulate food con-
sumption like obestatin, ghrelin, and leptin [33-36]. Although these 
findings substantially confirm a link between circadian dysregu-
lation and AN, further studies need to examine the effect of ab-
normal circadian hormone secretion on symptoms of AN and 
vice versa. 

BULIMIA NERVOSA

BN is characterized by recurrent binge eating episodes. Binge 
eating episodes are known as consumption of large amount of 
food with up to 10,000 calories taken during one episode. One im-
portant feature of binge episodes is that they happen with loss of 
control. To compensate for their binge eating, patients with BN en-
gage in behaviors such as vomiting, laxative use, fasting, and ex-
cessive exercise. BN patients can be from normal weight to obese.

Compared to the volume of research in AN, sleep research in 
this diagnostic criterion is limited. Early studies suggest that sleep 
in BN is less disturbed than in AN [11]. For example, EEG data of 
BN patients showed that sleep pattern of BN patients were simi-
lar to healthy controls [18,20,37]. In a study by Latzer et al. [38], 
bulimic patients did not show significant differences in sleep du-
ration, sleep latency, or other sleep quality measures but reported 
more complaints about their sleep than did the controls. Also, 
ambulatory actigraphy data revealed that BN patient’s sleep-wake 
cycle is delayed by about 1 hour. This could be linked to their eve-
ning eating patterns. A recent study showed that BN patients re-
ported more insomnia, daytime somnolence, and parasomnias as-
sessed with self-reports and lengthened sleep latency, and reduction 
in sleep efficiency assessed with EEG [12]. 
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BINGE EATING DISORDER

BED is characterized by recurrent binge eating episodes with 
loss of control. BED patients do not engage in compensatory be-
haviors such as vomiting, laxative misuse, fasting, and excessive 
exercise, which makes BED distinct from BN. Because they do not 
show inappropriate compensatory behaviors, they can be of nor-
mal weight but are often overweight or obese [39]. BED is more 
common than AN and BN [40].

Meta-analyses have suggested that obesity is associated with 
sleep disturbances including insomnia symptoms and short sleep 
duration [41-43]. Compared to the volume of literature on the re-
lationship between obesity and sleep, sleep literature in BED is 
somewhat limited. Studies have shown that obese BED patients 
showed poorer sleep quality, increased sleep latency [44], and re-
duced sleep efficiency [45] compared to individuals with obesity 
alone. Also, a study by Trace et al. [46] showed that binge eating 
was positively associated with poor and shortened sleep and that 
this association remained significant even after controlling for 
obesity. However, there are studies that reported no significant dif-
ference in sleep parameters and circadian rhythm across obese 
individuals with and without BED [47,48] and even healthy con-
trols [49]. 

Some researchers have indicated that the pattern of binge eat-
ing is likely to be part of the mechanisms that work together to 
regulate sleep and circadian rhythm. First, a study found that 
sleep disturbances in patients who showed binge eating symp-
toms reported significantly more sleep disturbances than those 
who did not [4]. More recently, Yeh and Brown [50] reported that 
binge eating partly mediated the relationship of worse sleep quali-
ty to higher BMI whereas night eating mediated high BMI to 
worse sleep quality. This may imply that night eating and binge 
eating patterns of BED patients may contribute in the sleep and 
circadian disturbances they experience. Also, in a study by Harb 
et al. [51], individuals who showed more binge eating behaviors 
reported to be functioning better in the evening than in the morn-
ing by the Morningness-Eveningness Questionnaire (MEQ) scale, 
while there was no association between the MEQ score and BMI. 
Because binge eating is known to happen more in the evening than 
during the day [52,53], evening chronotype may increase the prob-
ability of binge eating. 

In understanding how binge eating pattern has its effect on 
sleep, researchers have proposed a crucial role of neuroendocrine 
that regulates appetite and satiety. Leptin, which signals satiety is 
one and ghrelin, which stimulates appetite when the body needs 
food is another. Experimental studies showed that sleep deprived 
group compared to usual sleep and extended sleep group showed 
significant decrease in leptin [54,55] and increase in ghrelin [54-56]. 
Decreased leptin level and increased ghrelin level prompt hunger 
and increased risk for obesity [57-59]. Taken together, it is plausi-
ble that sleep deprivation is associated with changes in feeding hor-
mones and thus more food consumption and increased BMI. 

In a recent study, Kenny et al. [60] showed that BED patients 

reported significantly greater insomnia symptoms than individu-
als without BED and that this relationship was partially and fully 
mediated by anxiety and depressive symptoms. This may imply 
that poor sleep that BED patients experience is related to mood. 
This is in line with studies that proposed that disordered eating 
is a maladaptive behavior associated with the difficulties in 
emotion regulation [61]. Mechanisms of relationship between 
sleep and BED are rather complicated and more to be studied. 

NIGHT EATING SYNDROME 

Sleep related eating disorder (SRED) and NES are two specific 
disorders of “eating disorders not otherwise specified (EDNOS)” 
that involve nocturnal eating. SRED patients experience recur-
rent episodes of night eating after sleep onset in a reduced state of 
alertness [8]. Some people show partial to no memory of their eat-
ing episodes, and others may recall their eating episodes [62]. Simi-
larly, NES patients consume much of daily calories during the night. 
During their nocturnal awakenings, they feel a strong desire to in-
take food [63]. NES patients are usually aware of their night eat-
ing episodes [8]. A crucial difference that patients with SRED and 
NES experience is the level of awareness. In the current review, 
we focus on the diagnosis of NES. 

Studies that employed nocturnal polysomnography reported 
that NES patients showed less stage two and three sleep, greater 
sleep disturbances assessed with Pittsburgh Sleep Quality Index 
compared to controls [64], more frequent nocturnal awakenings, 
and earlier first arousal during sleep [65]. Two other polysomnog-
raphy studies that did not include a control group also reported 
that NES patients had frequent awakenings, which were associat-
ed with food consumption [66,67]. As such, studies have suggested 
that patients with NES show sleep disturbances in few different 
sleep parameters, especially more frequent nocturnal awakenings.

Laboratory and ambulatory studies have shown that NES pa-
tients consumed more amount of food during the evening and 
night compared to the controls [63,65,68,69]. Comparably, NES 
patients reported lower scores on the MEQ than did the controls, 
suggesting that they consider themselves to be functioning better 
during the evening than morning [11]. They also showed four 
hours delay in their eating patterns compared to the controls. 
Furthermore, Kandeger et al. [70] reported that higher the night 
eating scores, participants considered themselves to be more 
evening type by the MEQ score and that night eating scores had 
direct effect on MEQ scores. These findings imply that phase-de-
layed circadian rhythm may take part in the pathology of NES.

Past research has suggested that etiological mechanism of NES 
may be found in neuroendocrinal circadian rhythm. Birketvedt 
et al. [63] reported that NES patients showed decreased noctur-
nal rise in leptin and melatonin and elevated levels of plasma cor-
tisol compared to the controls. As melatonin is known to induce 
and maintain sleep, decreased secretion of melatonin during the 
nights is associated with sleep disturbances that NES patients ex-
perience. Also, as rise in leptin secretion during the nights is 
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known to regulate appetite, attenuated rise in leptin may contrib-
ute to nocturnal food consumption. Similarly, Goel et al. [69] also 
reported that both melatonin and leptin rhythms were phase de-
layed by an hour and that ghrelin, which is a stomach-derived ap-
petite stimulant was phase advanced by 5.2 hours in patients with 
NES. Leptin and ghrelin are hormones regulated by putative pe-
ripheral oscillators that give signs for food consumption. Melato-
nin is a hormone regulated by the central timing system. There-
fore, these findings may suggest that NES patients experience 
circadian dysregulation in both peripheral and central circadian 
timers. However, Allison et al. [68] did not find significant differ-
ence in values of melatonin and leptin between NES and control 
group. They suggested that the altered neuroendocrine circadian 
profiles of NES patients may not be the cause of altered food in-
take. There is a possibility that it could be a result and/or there 
could be an additional factor contributing to both food intake 
and hormonal patterns of NES. 

CIRCADIAN DYSREGULATION 
IN EATING DISORDERS: A HYPOTHESIS

Eating is temporally coordinated over 24 hours of the circadian 
cycle. A network of circadian clocks controls when to rest and to 
be active and thus both eating and sleeping. Clocks that secure the 
circadian rhythm of food intake and sleep include a master clock 
that is entrained by light in the suprachiasmatic nuclei (SCN) of 
the hypothalamus and secondary clocks in the brain and periph-
eral organs. SCN, what is so called the master clock, is mainly en-
trained by light and thus is synchronized to the external environ-
ment. Closely affected by the light-dark cycle, SCN regulates the 
secondary clock such as food clock and engages in the feeding-
fasting cycle (Figure 1). In contrast to the SCN clock, which can-
not be phase-shifted by the mealtime, food clock in the brain re-
gions and peripheral tissues are reset to be entrained by mealtime. 
Metabolic hormones mediate the synchronization of the food 
clock to mealtime by promoting or inhibiting anticipation of food 
availability. 

Among hormones that are related to food consumption, glu-
cocorticoids, ghrelin, and glucagon are secreted before mealtime 
and are known as pre-feeding timers. Post-feeding timer hormones 
produced following a meal include insulin and leptin. First, glu-
cocorticoids including cortisol and corticosterone are produced 
with a circadian rhythm and are increased in anticipation of the 
active phase. For example, during Ramadan when Muslims fast 
in the daytime and eat only in the nighttime, pre-prandial increase 
in plasma levels of cortisol is detected at dusk before the meal-
time, while the usual peak of cortisol is detected at dawn as this is 
regulated by the SCN. As such, glucocorticoids act as a time-giver 
to synchronize behavioral and physiological functions to the ex-
pected mealtime. Ghrelin is another hormone that rises before and 
fall after a daytime meal and increases gradually overnight. This 
has led to the belief that ghrelin is related to meal initiation [71]. 
In rodents, ghrelin level showed a circadian rhythm both in light-

dark cycles and in constant darkness with food provided ad libi-
tum after 48 hours of food deprivation [72]. In humans, ghrelin 
administration is known to be associated with increased appetite 
[71,58]. These findings may indicate that ghrelin may promote an-
ticipatory arousal and eating behavior. Glucagon, another pre-feed-
ing timer hormone, is known to rise during restricted feeding [73]. 
A study confirmed that a protein-only diet elicits entrainment of 
circadian feeding clock in mice via glucagon [74]. Insulin, a post-
feeding timer, is involved in resetting the peripheral clock that is 
associated with feeding behavior [75]. Leptin, another post-feed-
ing timer, is known to take part in inhibiting food anticipatory 
activities, resulting in decreased food intake [76]. Although more 
is to be investigated, metabolic hormones can entrain the food 
clock to mealtime, and dysregulated circadian clocks can result in 
feeding-fasting disruption.

Circadian dysregulation and eating behaviors are reciprocally 
linked. On the one hand, altered timing of arousal—sleeping dur-
ing the daytime for human—is associated with shifting of circadi-
an oscillators in the brain and in the periphery. This dysregulation 
of circadian rhythm leads to alterations in the circadian rhyth-
micity of metabolic parameters and thus disruption in feeding 
behaviors. On the other hand, feeding time is also a synchroniz-
ing factor of circadian rhythm. Food consumption at usual rest-
ing time—nighttime for human—can desynchronize the circadi-
an pattern and lead to circadian dysregulation. Also, mistimed 
eating has adverse effect on metabolic health such as increased 
risk of developing obesity and type 2 diabetes mellitus [77-79] and 
eating disorders especially NES; NES patients experience severe 
shifts in their food consumption towards later times of the day.

In summary, as the network of circadian clocks including a 
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Figure 1. Regulation of eating by circadian clocks. A master clock in 
the suprachiasmatic nuclei (SCN) is synchronized by light and dark 
cycle. Food clock in the brain and peripheral organs is regulated by 
the master clock but can be synchronized by mealtime. SCN mas-
ter clock and food clock both engage in the feeding-fasting cycle. 
Disruption of the feeding-fasting cycle can result in disturbance in 
metabolism, mood, and behavior. Underlying mechanisms of im-
paired eating and sleeping can be associated with circadian dys-
regulation. 
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master clock in the SCN and food clock regulates the feeding and 
time of feeding, mistiming of the clocks can result in disturbanc-
es in feeding-fasting cycle, metabolism, mood, and behaviors, and 
thus in eating disorders (Figure 1). As mentioned earlier in the 
review, circadian misalignment is found to be associated with 
many symptoms of eating disorder. The current review suggests 
that circadian dysregulation is a potent mechanism underlying 
disordered eating behaviors.  

FUTURE DIRECTIONS

Existing literature confirms that sleep and circadian rhythm are 
disturbed in patients with eating disorders. One exception was pa-
tients with BN, who are reported to show comparable sleep pa-
rameters to those of healthy controls in many studies. 

In the future, studies should be carried out to investigate the 
reason why patients with eating disorders often experience abnor-
malities in sleep patterns and circadian rhythm. Do symptoms of 
eating disorder transform sleep and circadian rhythm? Then pa-
rameters of sleep and circadian rhythm should recover with suc-
cessful eating disorder treatment. Future studies should address 
specific symptoms of eating disorder including psychopathologi-
cal correlates that have direct effect on sleep and circadian rhythm. 
Or do disrupted sleep and circadian rhythm affect symptoms of 
eating disorder? In this case, eating disorder interventions should 
emphasize treating disturbances in sleep and circadian rhythm. 
Here, more studies need to work on the role of impaired sleep and 
circadian rhythm as possible risk factors of eating disorder. Future 
studies would benefit from longitudinal design incorporating ob-
jective measures of both sleep and circadian rhythm on patients 
with eating disorder who experience sleep problems. Specific symp-
toms of eating disorders and objective parameters of sleep and 
circadian disturbances should be tracked along with the abnor-
malities in neuroendocrinal profiles to understand more thor-
oughly about the mechanism of the relationship of sleeping and 
eating. 
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