

  nutrients-15-04488




nutrients-15-04488







Nutrients 2023, 15(20), 4488; doi:10.3390/nu15204488




Review



Sleep Pathologies and Eating Disorders: A Crossroad for Neurology, Psychiatry and Nutrition



Carlotta Mutti 1, Giulia Malagutti 1, Valentina Maraglino 1, Francesco Misirocchi 2, Alessandro Zilioli 2, Francesco Rausa 1, Silvia Pizzarotti 1, Marco Spallazzi 2, Ivana Rosenzweig 3 and Liborio Parrino 1,2,*





1



Sleep Disorders Center, Department of General and Specialized Medicine, University Hospital of Parma, 43125 Parma, Italy






2



Neurology Unit, Department of Medicine and Surgery, University of Parma, 43125 Parma, Italy;






3



Plasticity Centre, Department of Neuroimaging, Institute of Psychiatry, Psychology and Neuroscience (IoPPN), King’s College London, London WC2R 2LS, UK









*



Correspondence: liborio.parrino@unipr.it; Tel.: +39-0521-704107







Citation: Mutti, C.; Malagutti, G.; Maraglino, V.; Misirocchi, F.; Zilioli, A.; Rausa, F.; Pizzarotti, S.; Spallazzi, M.; Rosenzweig, I.; Parrino, L. Sleep Pathologies and Eating Disorders: A Crossroad for Neurology, Psychiatry and Nutrition. Nutrients 2023, 15, 4488. https://doi.org/10.3390/nu15204488



Received: 17 September 2023 / Revised: 9 October 2023 / Accepted: 20 October 2023 / Published: 23 October 2023



Abstract

:

The intricate connection between eating behaviors and sleep habits is often overlooked in clinical practice, despite their profound interdependence. Sleep plays a key role in modulating psychological, hormonal and metabolic balance and exerting an influence on food choices. Conversely, various eating disorders may affect sleep continuity, sometimes promoting the development of sleep pathologies. Neurologists, nutritionists and psychiatrists tend to focus on these issues separately, resulting in a failure to recognize the full extent of the clinical conditions. This detrimental separation can lead to underestimation, misdiagnosis and inappropriate therapeutic interventions. In this review, we aim to provide a comprehensive understanding of the tangled relationship between sleep, sleep pathologies and eating disorders, by incorporating the perspective of sleep experts, psychologists and psychiatrists. Our goal is to identify a practical crossroad integrating the expertise of all the involved specialists.
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1. Introduction


Since the early 1800s, the concept of a profound connection between men’s dietary habits and their overall health has steadily gained recognition. In 1826, in an essay named in Physiologie du Gout, Anthelme Brillat-Savarin wrote “Dis-moi ce que tu manges, je te dirai ce que tu es”-alias ‘Tell me what you eat, and I will tell you what you are’. A few years after, Ludwig Andreas Feuerbach declared “Der Mensch ist, was er ißt.”-Man is what he eats.



It has been theorized that the discovery of fire and the subsequent development of ‘cooking habits’ exerted a strong evolutionary effect. According to the Wrangham hypothesis, the shift from eating raw foods to preparing cooked meals allowed humans to spend less energy for digestion and chewing, reducing the need for a long digestive tract and, conversely, permitted the growth of brain structures, requiring higher rate of metabolic energy [1]. In parallel, the possibility of being sheltered by fire allowed our ancestors to adapt to ground-based life, as they were finally protected against predators. Moving from arboreal to terrestrial environments, human sleep became shorter, deeper and increased the proportion of rapid eye movement (REM) sleep periods [2].



Less sleep enabled longer active periods to acquire and transmit new skills and knowledge, slow wave sleep was critical for the consolidation of those skills, while enhanced REM sleep led to enhanced cognitive abilities in early humans [3,4].



Although the role of cooking has been considered neither sufficient nor necessary to explain brain expansion during evolution [5], humans have made astonishing progress since our ancestors came down from the trees [6] and the fascinating relation connecting environment, food and sleep warrants major attention. Nutrition needs are deeply influenced by social status. Hunter gatherers are far less interested in lives of food abundance compared to agricultural communities [7].



As individuals migrate to urban areas, characterized by an abundance of food stores and supermarkets, malnutrition becomes a prevalent issue among low-income residents who often face limited access to nutritious food options [8]. It is known that unhealthy eating habits are considered among the major risk factors for a wide range of chronic diseases, such as diabetes, hypertension, cardiovascular diseases and cancer. The correlation is so strong that the attainment of healthy diets is prominently featured as one of the foremost priorities in the latest campaigns by the World Health Organization (WHO) [9]. Of equal importance are untreated sleep disorders that frequently lead to excessive daytime sleepiness (favoring accidents and car crashes), with indirect economic and professional consequences and may also yield to severe metabolic disturbances, obesity, augmented cardiovascular risk, neuropsychiatric disorders and tumors [10].



Despite both sleep and eating disorders being independently linked to various chronic conditions, there is currently a lack of emphasis on investigating their reciprocal influence on one another. Food industry, social media and advertising exert a powerful influence on social habits and eating behaviors from early childhood. Similarly, routine utilization of electronic devices can favor a delay shift in circadian sleep–wake rhythms, augmenting sleep latency and, sometimes, fragmenting sleep quality and amount [11].



Education, family habits and genetic background might influence both sleep–wake cycle and eating behaviors. The relationship is even more complex in the scenario of sleep and eating pathologies, when unhealthy trends might exacerbate pre-existing frailties, increasing the clinical burden in affected patients. Eating disorders are common among patients affected by sleep disorders and, in turn, sleep disorders may worsen the clinical course of patients with eating disorders. Diet and sleep reciprocally mutually exert influence on each other in multiple ways, notably through undisclosed or subtle psychological and behavioral factors. In this review, we summarize the key aspects of the intermingled relationship between sleep disorders and eating disorders, combining a clinical and psychological perspective in the modern life scenario.




2. Eating Disorders and Sleep: What the Sleep Expert Should Know


Unhealthy eating behaviors and sleeping habits frequently depend on similar somatopsychic and psychosomatic etiological factors. Extensive evidence has already demonstrated the involvement of various psychological aspects in both the development and chronicity of eating disorders (EDs) [12]. Similarly, personality traits, anxiety and depression might predispose and perpetuate the development of various sleep disorders, including, above all, chronic insomnia [13]. Patients affected by an ED frequently present an obsession with food, eating habits, body weight and/or body shape that, if untreated, might lead to life-threatening consequences. Moderate-to-severe depressive symptoms are frequently observed in patients affected by EDs, with anxiety and affective disorders being the commonest comorbidities [12,14,15,16,17]. Notably, depression and anxiety has been suggested as one of the major determinants of the link between insomnia and EDs [16].



Given their pathogenetic commonalities, it is not surprising that EDs and sleep disorders frequently coexist. This epidemiological overlap between sleep disturbances and EDs has been also attributed to the disruption of sleep-dependent hormonal mechanisms, including variations in orexin, cortisol, ghrelin and leptin signaling [18]. The latest years faced a steep increase in the incidence of ED: overall female sex is more affected and diseases onset take place usually during adolescence. Epidemiologically, eating disorders (EDs) are most prevalent in Western countries, with a particularly high incidence in the United States [17]. This is likely attributed to a combination of cultural influences, lifestyle habits, genetic predispositions, and variations in gut microbiota.



2.1. Anorexia Nervosa (AN)


Anorexia nervosa (AN) is one of the most common and potentially life-threatening ED. It is associated with food restriction, fear of weight gain and BMI < 18.5 [19]. Although less common among males, there has been a significant increase in its prevalence within this population in recent years [19,20]. Males affected by AN are commonly identified as ‘atypical’ AN cases, as they sometimes do not fulfill current diagnostic criteria for AN, overcomplicating the diagnostic process. Instead of being worried about their weight, anorexic males usually present more ‘muscularity concerns’ and body dissatisfaction. Also, they tend to over-exercise to increase their muscle mass compared to AN females, who focus on leanness-oriented exercises [21]. These gender-related differences in the AN phenotype likely depend on multiple factors (e.g., hormonal, genetic, socio-cultural and psychological differences) but both male and female anorexic patients warrant a multidisciplinary work-up. A recent research paper adopting a network-based analysis to conceptualize core features of AN in a cohort of 267 patients (94.8% female) focused on the central role of sleep disturbances in the disease pathophysiology [22]. According to this study’s results, both sleep and anxiety strongly impact numerous AN’s symptoms and, therefore, clinicians should always try to target them to improve AN management. Furthermore, sleep plays a crucial role in modulating the synthesis and concentration of ghrelin and leptin, hormones involved in food intake and body weight regulation, which can increase individuals’ vulnerability to obesity and eating disorders. Anorexic patients can experience initial insomnia, restlessness, increased awakening and non-refreshing sleep, but also delayed sleep–wake circadian rhythm disorders [23]. Remarkably, sleep characteristics appear to exhibit a certain parallelism with the severity of the disease. Within this context, the progressive weight restoration observed in treated individuals with anorexia nervosa (AN) is commonly accompanied by an augmentation in total sleep duration and the percentage of REM sleep [24]. Consequently, assessing sleep patterns in AN patients may hold prognostic significance, as improvements in sleep could serve as a confirming indicator of the effectiveness of the ongoing treatment.




2.2. Bulimia Nervosa (BN)


Bulimia nervosa (BN) is an ED characterized by binge eating followed by purging. The link between sleep disturbances and BN is less clear-cut and bulimic patients hardly report insomnia symptoms. An association of BN with disrupted circadian rhythm disruption had been suggested, especially among patients experiencing binge eating) in the late evening/at night, as eating represents a chrono regulatory clue favoring wakefulness maintenance [25]. Historical observations also pointed out an association between sleepwalking and BN, suggesting a potential link between the two conditions [26]. Notably, at the polysomnographic level, a correlation between the severity of the disease and the percentage of lighter sleep stages (specifically stage N1 of NREM) has been suggested, while no consistent association has been revealed between REM sleep and depression symptoms in BN [27]. The neurobiological significance of changes in REM sleep and NREM sleep in different subtypes of ED require further investigation.




2.3. Binge Eating Disorder (BED)


Binge eating disorder (BED) is another extremely common ED, highly comorbid with obesity, and distinct by repeated episodes of compulsive, non-homeostatic food consumption and associated with the perception of loss of control over how much is consumed [19]. Unlike BN, BED is typically not followed by compensatory behaviors (e.g., vomiting, abuse of laxatives, excess of exercise). In many cases, patients affected by BED use food and overeating to cope with masked depressive symptoms or anxieties. Unrefreshing sleep and chronic insomnia are extremely frequent among patients affected by BED [28,29,30]. A proper sleep evaluation in patients affected by ED is overcomplicated by their tendency to mask most of their symptoms [12]. For example, AN patients commonly exhibit strong perfectionist traits and could take advantage of the time ‘steal’ to their physiological sleep for other high-level performances. As a consequence, they rarely complain about either insomnia or sleep disturbances. Conversely, patients affected by BN and BED might experience night compulsive overeating, which may favor insomnia development and circadian rhythm delay, but they frequently live these compulsive behaviors with shame and sense of inadequacy, eventually hiding them at clinical evaluation [12].



From the instrumental perspective, polysomnographic (PSG) sleep analysis in patients affected by ED revealed poor sleep quality, high amount of awakening and, at microstructural level, a pathological increase of cyclic alternating pattern (CAP) oscillations, an electrophysiological index of sleep stability [31]. However, instrumental data are extremely scarce, as PSG recording is not routinely performed in patients affected by ED. Interestingly, some of the key psychopathological processes involved in the development of ED (e.g., anxiety, low self-esteem, perfectionism, obsession for food and body shape), sometimes reveal themselves into patients’ dream content: ED patients can experience inadequacy, anger, regret or self-hate while dreaming and typically refer lower amount of dreaming recall compared to age-matched healthy controls [31,32,33]. More specifically, the dreams of individuals with BN typically revolve around concerns related to food and nutrition. Additionally, there is often a notable presence of hostility towards other individuals featured in the dream content [34]. On the other hand, AN patients’ dreams exhibit distinct characteristics with reduced levels of anger and hostility compared to BN patients. Instead, they are predominantly dominated by anxiety and portray negative impending scenarios [29,30]. Another fascinating hypothesis trying to explain the link between ED and sleeping disorders focuses on the role of the orexinergic system [35]. Orexin is one of the key regulators of arousal, wakefulness and appetite/food habits; in parallel, orexin peptides also influence autonomic and metabolic balance, reward and motivation behaviors [36]. Regarding the latter, the orexinergic signaling system has been implicated in regulating homeostatic feeding behaviors, particularly following periods of fasting. Orexin release increases towards salient stimuli, such as highly palatable foods (or drugs of abuse), hence chronic binge eaters alternating overeating and fasting may favor the increase the excitability of the orexinergic system, favoring sleep disturbances development and a ‘hyperarousal’ state [35] (Figure 1). This intriguing hypothesis could potentially have therapeutic implications for ED. Recently, there have been advancements in the development of orexin receptor antagonists primarily for managing insomnia and, theoretically, these antagonists might also prove beneficial in the treatment of ED [37].




2.4. Obesity


Obesity is defined as abnormal or excessive fat accumulation that presents high risk to general health. A body mass index (BMI) over 30 is considered obese and nowadays the condition, historically associated to high-income countries, is now dramatically on the rise in low- and middle-income countries, particularly in the urban settings, with even higher rate among children according to World Health Organization data.



Although traditionally considered a uniform condition, it is now well-known that among obese patients, numerous heterogenous phenotypes can be recognized, depending on the participation of molecules, genes and cells, in addition to environmental, social and economic factors or coexistent comorbidities [38].



Shorter sleep duration has been associated to higher risk for overweight and obesity development, likely due to the increased risk for hedonic eating behaviors in sleep restricted subjects, which also appear to have more opportunities to eat as they stay awake for more hours in the day [39]. Shorter sleep duration promotes various hormonal changes associated with appetite regulation, specifically leptin and ghrelin secretion [40]. Besides sleep duration, also eating timing, which impacts the dynamic changes of the internal clocks, has been linked to obesity risk, especially among younger generations. Maintaining a regular and early bedtime schedule during the week, as well as across weekdays and weekends is considered a key aspect to prevent the development of obesity intoddlers [41].



Obese patients are at risk for numerous sleep pathologies including, above all, sleep-related breathing disorders such as obstructive sleep apnea (OSA) and obesity hypoventilation syndrome (OHS). The excess in body weight might directly compress the upper airways, favoring their repetitive partial collapse during the night, which can hamper the physiologic diaphragmatic excursion and reduce lung capacity. The relationship between OSA and obesity is so tight that bariatric surgery is considered one of the key treatments for this sleep-related breathing disorder [42]. Both OSA and OHS increase the burden for cardiovascular, metabolic, mood and cognitive disturbances in obese subjects.



Excessive daytime sleepiness (EDS) and fatigue had always been considered as directly linked to sleep-related breathing disorders in obese patients; however, recent evidence suggests that rather than being directly associated to concomitant sleep pathologies, these highly prevalent symptoms in obese patients may reflect a complex interaction between the hypothalamic-pituitary-adrenal (HPA) axis and proinflammatory cytokines (especially TNF alpha and interleukin-6) with the circadian system. The level of inflammatory cytokines is largely mediated by the severity of obesity (expressed as BMI), while the role of HPA axis is more variable among obese subjects [43]. Schematically, it has been proposed that the condition of hypercortisolemia (plus hypercytokinemia) might be associated with low sleep efficiency and fatigue, while either the eucortisolemia or the hypocortisolemia (plus hypercytokinemia) can determine a better sleep efficiency with objective sleepiness [44]. In this perspective, EDS could be considered a direct consequence of metabolic and pro-inflammatory symptoms of obesity itself, rather being related to concomitant sleep pathologies.



The scenario becomes even further complicated when obesity overlaps with other neuroendocrine disturbances, such as in the case with Prader–Willi syndrome (PWS). PWS is a rare complex disorder related to the loss of expression of paternal chromosome 15q11.2-q13 and is associated particularly with the deletion of the small nucleolar ribonucleic acid-116 (SNORD116). SNORD116 modulates the sleep–wake pattern, which influences the orexin-hormone system and modulates feeding habits [45]. PWS is typically associated with hyperphagia and obesity, and it is strongly linked to numerous sleep-related pathologies including central and obstructive sleep apnea, hypersomnia, narcolepsy-like phenotypes and insomnia, whose management should become an integral part of the medical approach [46].



According to these premises, obese patients might benefit from a sleep evaluation in order to rule out the existence of sleep pathologies which may aggravate their clinical status. Similarly, patients with short sleep duration and/or lower sleep quality should be monitored for their higher risk for unhealthy eating pattern and obesity.





3. Sleep-Related Eating Behaviors: What the Psychiatric Should Know


3.1. Nocturnal Eating Syndrome


Nocturnal eating syndrome (NES) is described as a conscious and abnormal eating behavior with evening hyperphagia consuming >25% calorie intake and/or nocturnal awakening with food ingestion and morning anorexia, occurring ≥2 times per week [19]. Patients with NES typically experience a compulsive desire to eat at night and may also believe that eating is necessary to sleep [47]. Mean length of NES episodes is estimated to be around 3.5 min, with ‘eating latency’ (time between the awakening and the beginning of the eating behavior) of less than 1 min in ~50% of cases [48]. Night eaters frequently complain of lower sleep quality but do not suffer from excessive daytime sleepiness [49]. Fragmented sleep, with multiple praecox nocturnal awakenings after sleep onset may be appreciated with objective sleep recording [50] and longitudinal studies reported higher risk for obesity, metabolic syndrome and dyslipidemia among untreated patients, with higher odds among women [51].



The true prevalence of this condition is probably largely underrated, as both clinicians and patients do not always explore the topic during regular medical visits. Additionally, it is worth noting that patients with nocturnal eating may often underreport their nighttime eating episodes. This underreporting can stem from feelings of shame or embarrassment surrounding their behavior. Moreover, there is a misconception that nocturnal eating is merely a habit rather than a clinically significant disturbance.



Reasonably, patients with ‘evening-type’ eating habits would probably refer to psychiatric centers or eating-disorder centers, while those with ‘nocturnal-type’ eating behaviors may prefer a sleep-center for consultation. However, it is important to recognize that in many cases, individuals with these eating behaviors may experience distress, symptoms of compulsive disorders and other sleep-related disturbances. As a result, it is crucial for both sleep experts and mental health professionals in psychiatry to be aware of this condition and its multifaceted consequences. Indeed, the development of nocturnal eating syndrome (NES) is likely influenced by a combination of genetic predisposition and external or acquired factors. Overall, NES is characterized by a significant delay in the circadian rhythm of food/drink intake associated with a corresponding delay in numerous neuroendocrine functions (leptin, melatonin, prolactin, cortisol and thyroid stimulating hormone) [52].



3.1.1. NES Management


NES management is typically based on a combination of pharmacological and non-pharmacological treatments. Drugs adopted include antidepressants such as sertraline, paroxetine, venlafaxine and escitalopram [53,54], as a reduction of post-synaptic serotonin availability had been theorized in the disease pathogenesis. Their effectiveness however varies according to trials, and a relevant amount of patients discontinued therapies due to medication side-effects (such as nausea, diarrhea, dyspepsia, hepatotoxicity, weight gain, urinary retention, incontinence, sexual dysfunction, cognitive disturbances, affective disturbances, glaucoma and others).



Given the hypothesized association of NES with circadian sleep disturbances, some chronobiological interventions had also been tested, including melatonin supplementation [55]. Few patients tried agomelatine with promising results (improvement in symptoms, weight loss and favorable metabolic profile) [56]. However, the significant risk for acute iatrogenic hepatotoxicity limits its feasibility.



Topiramate, an antiepileptic agonist of gamma-aminobutyric acid influencing taste perception with mild sedative effect, is sometimes adopted for NES management. Caution should be used when treating psychiatric patients for the potential neuropsychiatric side effects of this medication [57]. Non-pharmacological interventions for NES include cognitive-behavioral therapy (CBT), phototherapy (morning exposition to bright light) and muscle relaxation, all ameliorating patients’ perceived stress, supporting the role of education in this nocturnal disorder management [58,59,60]. In particular, psychosocial and supportive interventions (performed individually or with the involvement of patient’s relatives), represent a valuable help for a comprehensive NES management [61].




3.1.2. NES and Coexistent Sleep Disorders


NES is commonly observed among patients with various sleep disorders, including insomnia, restless leg syndrome (RLS), periodic limb movement disorder (PLMD) and obstructive sleep apnea (OSA).



RLS is described by an urge-to-move or a discomfort/unpleasant sensation, predominantly in the evening, worsened with inactivity and localized to the lower extremities, that may interfere with sleep onset and quality [62]. Patients with RLS may sometimes be affected by other non-motor disturbances, such as compulsive eating behaviors and/or NES. These behaviors may manifest during late evening, as sometimes the craving for food is lived by the patients as an urgent ‘need to solve’ in order to fall asleep immediately afterwards or, in other cases, the compulsive eating behavior may appear only after first nocturnal awakenings.



Interestingly, NES and RLS share a common circadian distribution, with a peak in late evening and a progressive decline overnight: this overnight/ultradian pattern could at least partly be correlated with the circadian rhythm of core body temperature, melatonin dynamics and dopamine activity [63,64,65].



Furthermore, patients with NES often exhibit a misalignment of their circadian rhythm, displaying a tendency towards evenings [47]. Managing patients with both RLS and NES can be challenging. Serotonin reuptake inhibitor (SSRI) drugs like sertraline and escitalopram, commonly used for psychiatric conditions, can worsen RLS symptoms [53,60]. Conversely, dopaminergic drugs such as pramipexole and ropinirole are effective treatments for RLS, but may not be ideal for patients with concomitant compulsive disorders like NES.



The relationship between NES and OSA is not straightforward, as explorative studies have produced partially divergent results [66,67,68]. Generally, the frequency of sleep-related eating disorders is not directly associated with the severity of OSA, measured by the apnea/hypopnea index (AHI). However, OSA and NES can coexist in patients with psychiatric comorbidities [67]. It is worth noting that dopaminergic medications used for conditions like Parkinson’s disease (PD) can trigger compulsive nocturnal binge eating, which can be reversed by discontinuing medication [68].





3.2. Sleep-Related Eating Disorder (SRED)


Sleep-related eating disorder (SRED) is defined by recurrent episodes of dysfunctional eating at the transition from nighttime sleep to arousal, typically associated with reduced consciousness. Consumption of non-edible/toxic food and potentially injurious behaviors may be observed, with various adverse health consequences eventually possible [62]. SRED may appear isolated or associated with other sleep-disorders, such as NREM-sleep parasomnia, RLS and OSA. Iatrogenic SRED, mostly due to the benzodiazepine receptor agonist zolpidem or associated with tricyclic antidepressants, anticholinergics, lithium, antipsychotic medications and sodium oxybate have also been described [69,70,71]. SRED may also overlap with other eating disorders such as AN e BN, with estimated prevalence of around 5%, often associated with depression and dissociation feelings [70]. The major difference between NES and SRED is the level of consciousness during the episode of nocturnal eating, which is lower in SRED (sleepwalking-like behavior with only partial recall or total amnesia for the episode). Patients with SRED appear confused and sometimes alarmed by the episode of nocturnal eating, and they commonly realize only after awakening (Figure 2). The association between SRED and NREM parasomnia is so tight that the former had been included as parasomnia itself [62]. As for all NREM sleep parasomnia, various factors can contribute to increased sleep fragmentation or, conversely, deepening of sleep, thereby favoring SRED occurrence. NREM parasomnias are deemed to be arousal-related phenomena strongly associated with incomplete arousal from sleep. Accordingly, sleeping brain areas coexist with awakened brain areas during NREM parasomnia episodes. All factors raising the level of sleep instability (such as coexistent untreated sleep disorders and/or external disturbing factors) will precipitate SRED relapse.



SRED and Coexistent Sleep Disorders


SRED is frequently reported as a medication side-effect, even if, at least in some cases, a genetic predisposition to this abnormal nocturnal behavior may be identified [72]. Zolpidem utilization is recognized as one of the major risk factors for SRED occurrence. Zolpidem is short-acting Z-drug, with low abuse potential, highly selective towards alpha-1 subunits in GABA-A receptors [73]. It significantly shortens sleep latency, being a reasonable choice to treat initial insomnia patients [74]. Zolpidem effects on sleep dynamics are multiple and include the reduction of EEG power across most frequencies during NREM sleep, prolongation of NREM sleep and mild REM sleep reduction [75]. A recently published literature review explored SRED features associated with zolpidem utilization [76]: among the 40 analyzed cases, 65% had concomitant sleep disorders including OSA or RLS and/or were affected by depression. A higher risk for SRED was evident among patients using higher daily doses (≥10 mg), and/or with concurrent use of antidepressants or other psychiatric medications. SRED has indeed been rarely described in patients with PD, particularly when coexistent untreated sleep disturbances (OSA, PLM or REM-sleep behavior disorder—RBD) leading to sleep fragmentation exist [77] or, anecdotally, as side effect of pramipexole utilization [78]. Atypical antipsychotic drugs and mirtazapine had also been associated with SRED episodes [79,80,81]. SRED can potentially lead to the unconscious ingestion of toxic substances, making it crucial for sleep physicians to make every effort to identify and eliminate any triggers in affected patients. Managing SRED can be challenging, and there are a few treatment options that have shown promise. Some evidence suggests that bupropion, an antidepressant with dopaminergic and noradrenergic effects, may be effective in reducing abnormal nocturnal eating in patients with alcohol and/or drug abuse issues [81,82]. Another medication, topiramate, has demonstrated the ability to reduce SRED episodes in a randomized controlled trial compared to a placebo [83]. However, the tolerability of topiramate may pose challenges for its utilization in some patients.






4. Sleep Disorders Associated with Eating Disorders: A Cross-Road for Neurologist, Psychiatrist and Nutritionist


4.1. Narcolepsy and Eating Disorders


Eating disorders are among the most common disturbances in narcolepsy type I (NT1) patients. NT1 is a rare, autoimmune, life-long disabling, neurological disorder associated with excessive daytime sleepiness, cataplexy and nocturnal sleep disruption, due to the progressive loss of hypothalamic orexinergic neurons [62]. Orexin type A and B play a pivotal role in the regulation of human behaviors in highly motivational situations, including food-related conditions, as they are stimulated by fasting and, vice-versa, inhibited by satiety signals [84]. Physiologically, food choices are under the influence of manifold regulatory systems, not only the ‘homeostatic’ balance, located in the hypothalamus and brainstem, but also the ‘hedonistic’ system, under a cortico-limbic regulation [85]. The orexinergic activity is key in the maintenance of the individual’s metabolic homeostatic balance through its effects on reward-seeking mechanisms and regulating energy balance mechanisms [86]. Finally, orexin also influences the olfactory system, which indirectly modulates appetite threshold, and a role for a mild hyposmia in NT1 in influencing food choices and eating behaviors had been theorized [87]. Besides the typical narcoleptic symptoms, this disorder is characterized by serious metabolic, cardiovascular and psychiatric disturbances that dramatically contribute to worsening the clinical phenotype [88]. NT1 patients are at higher risk for obesity and typically have an increased waist circumference, associated with excess fat storage in abdominal depots [89], a condition which cannot be completely elucidated by their exposure to excessive daytime sleepiness (EDS) (and consequent inactivity), as patients with idiopathic hypersomnia (IS), equally affected by EDS, do not share the same metabolic risk. Narcoleptic patients exhibited higher risk for diabetes mellitus, dyslipidemia and blood hypertension compared to age-matched healthy controls [90].



NT1 is also associated with higher risk for compulsive ‘snacking’ eating, preference for high-calories palatable food, also after satiety, with a behavior similar to the one observed in sleep-deprived animals, leading to the hypothesis of a neural dysregulation of dopamine and opioid systems signaling in the disorder pathogenesis [89]. A strong association between narcolepsy and SRED had also been observed in previous investigations, with 32% of patients affected by NT1 suffering from this parasomnia (vs. 3% of healthy controls) [91].



NT1 frequently overlaps with various psychiatric conditions, such as anxiety, depression or psychosis, which also can promote some dysfunctional eating behavior themselves, overcomplicating patients’ conditions [88].



The literature studies identified that NT1 patients present a higher rate of binge eating, bulimia and/or other compulsive eating behaviors [79]. Furthermore, narcoleptic patients lower metabolic rate compared to age-matched healthy controls. The combination of compulsive eating trends and lower metabolic balance promote a positive energy balance, lastly leading to weight gain and obesity. Therefore, early screening for metabolic alterations and abnormal eating behaviors should be included in the narcolepsy work-up to reduce the morbidity of the conditions and to lower cardiovascular risk of affected patients.



Effect of novel therapies (e.g., Pitolisant, Solriamfetol) with respect to daily and nightly eating behaviors in NT1 patients should be carefully explored, although an intriguing role for the inverse agonist/antagonist H3 receptor (Pitolisant) towards eating behaviors had been theorized [92].




4.2. Kleine-Levin Syndrome


‘Abnormal eating behaviors’ are among the cardinal symptoms of Kleine–Levin syndrome (KLS), a rare condition firstly described in 1962 by Critchley and Hoffman [93]. KLS is characterized by recurrent episodes of excessive sleepiness, lasting from few days to four weeks, frequently accompanied by compulsive consumption of large amounts of food (hyperphagia, ‘‘binge eating”) and hypersexuality [62]. It has male predominance and typically occurs during adolescence. It is assumed that the disorder may be a post-infectious auto-immune condition, associated with paroxysmal hypothalamic and or pituitary-hypothalamic axis dysfunction [94]. Other theorized mechanisms involved viral damage to the diencephalic brain areas, anomalies in the serotonininergic/dopaminergic neurotransmission and genetic predisposition. In particular, an association with the TRANK1 gene locus, previously associated with bipolar disorder and schizophrenia, has recently been demonstrated with genome-wide association study on a large cohort of KLS cases [95,96]. Also, due to observation of a frequent association with human leukocyte antigen (HLA)-DQB1*0201 allele frequency, an autoimmune etiology has also been suggested for this condition [97]. Interestingly, a single case report identified the association of KLS with small-intestine bacterial overgrowth, pointing to the fascinating link between gastrointestinal microbiota and brain function, modulated by either autoimmune or metabolic mechanisms [98]. Benefits may be achieved by the utilization of different medications including stimulating drug, antiepileptic drugs, antidepressants, lithium, cortisone, melatonin, benzodiazepine, antipsychotic and dopaminergic drugs; however, no data on long-term follow-up are currently available and no standardized treatment protocols exist. Abnormal eating behavior in KLS is usually represented by excessive hunger and rapid consumption of large amounts of highly caloric food: the so-called ‘megaphagia’. Weight gain due to compulsive overeating may occur. Coexistent described personality changes include irritability, depersonalization, hypersexuality, depression, confusion and other impulsive behavior. Functional imaging (PET-FDG) data during the acute phase of the condition revealed hypermetabolism in various cortical areas involved in emotional cue processing and sensorial perception [98]. Even if the condition is usually self-limited, it is important for neurologists and psychiatrists to be aware of this diagnosis as it may lead to adverse health (mostly metabolic) consequences. Patients affected by KLS could be misdiagnosed as psychiatric patients, as many or their recurrent symptoms are common among various psychiatric disorders (e.g., unipolar or bipolar depression). In KLS, the association of uncommon disturbances such as excessive daytime sleepiness, amnesia and confusion may suggest the existence of an underlying (subtle) neurological etiology. Notably, although the condition is by definition a self-limited relapsing-remitting disorder, some symptoms could rarely become chronic (e.g., long-term apathy, persistent mild cognitive disturbances, psychological distress), increasing the burden of this pathological condition [98].




4.3. Sleep Deprivation and Eating Behaviors


Sleep deprivation characterizes chronic insomnia patients, circadian sleep–wake disorders (CSWDs), shift workers and numerous other sleep-related pathological entities. Recommended sleep time should last ranges from 14 to 17 h in newborns (0–3 months), to 10–13 h in preschool children (3–5 years), 8 to 10 h for teenagers, 7 to 9 h for young adults and 7 to 8 h of sleep for older adults [99]. However, in recent years, nighttime sleep duration has been decreasing worldwide, due to changes in lifestyle, mobile technology and work duties [100]. For instance, the utilization of electronic devices (mobile phones, television, laptop) might affect sleep quality and quantity, yielding to significant increase in sleep latency [100].



Sleep duration regulates various hormone concentrations including leptin, ghrelin, insulin, cortisol, growth hormone and thyroid stimulating hormone [101]. Short sleepers had reduced leptin and elevated ghrelin concentrations: conditions which increase appetite and therefore promote weight gain [102].



A recent systematic literature review attested that short sleep duration is a risk factor for obesity in preschool children (RR: 1.54 [95% CI, 1.33 to 1.77]) [103].



It is clinically common to find insomniac patients, especially those with no education on sleep hygiene, with the habit to eat at night as ‘time-killing’ activity. This unhealthy behavior could have dangerous metabolic consequences and patients should be warned on associated risks.



CSWD, shift-workers and subjects affected by social jetlag may develop weight gain not only as a consequences of sleep loss, but also due to circadian misalignment, a mismatch between endogenous circadian rhythms and behavior, that frequently favor a delay in mealtimes and lastly enhance weight gain and positive metabolic balance [104].



In this framework, the novel concept that ‘a calorie is not always a calorie’ refers to the importance of always focusing on food with a more holistic approach, as many factors differently impact on food’s related health consequences. One of the major determinants is the time when the ‘calorie’ is introduced. Late-night eating, a common behavior in patients with circadian misalignment, increases the risk for adverse metabolic consequences (Figure 3). Furthermore, it has been demonstrated that evenings are indirectly associated with higher food addiction scores mediated by insomnia and impulsivity, whilst morning is usually associated with better control over food [105].



Hence eating behaviors in CSWD may go adrift not only due to wrong meal timing or excessive snacking habits, but also due to higher tendency towards compulsive/addictive behaviors. The vicious cycle thereafter continues due to negative consequences of unhealthy eating habits on sleep quality, exacerbating the initial sleep disorder.



In recent years, intermittent fasting has become popular as a highly effective weight loss method, with significant beneficials on glucose and lipid metabolism [106]. Similarly, time-restricted exercise had been largely adopted to restore metabolic balance. Besides their advantages on the metabolism, tailored training and nutrition timing had been proposed to reset peripheral and central circadian pacemakers, contributing to addressing circadian misalignment [107].



Mechanisms involved in the association between food choices and sleep deprivation are only partially understood. It seems that the selective loss of REM sleep could impact the craving for weight-promoting foods, favoring the assumption of highly palatable foods, and this seems to be mediated by the prefrontal cortex. In fact, in REM-sleep deprived mice, the consumption of highly palatable foods can be inhibited if the prefrontal cortex is chemically inactivated [108]. Indeed, sleep can deeply influence behavioral states, motivation and, specifically, reward processing within the brain and, in parallel, sleep deprivation can lead to severe psychological consequences and induce abnormal reward seeking in affected patients [109].



Additionally, the intricate connection between sleep and diet becomes evident through changes in eating habits caused by what is known as social jetlag. This phenomenon refers to the misalignment between our biological rhythms and social schedules, leading to differences in sleep and activity patterns between free days and work/school days [110]. A recent comprehensive review has demonstrated that social jetlag, affecting about two-thirds of the working-age population [110], is linked to reduced adherence to a healthy dietary pattern [111]. Instead, individuals experiencing social jetlag tend to consume higher amounts of calorie-dense foods, sugar-sweetened beverages and saturated fats.



This intricate relationship forms in the early stages of life and has the potential to evolve alongside the development of various pathologies, including sleep disorders (Figure 4) [112].



From an evolutionary point of view, human beings always preferred highly caloric and energy-rich foods, as they were necessary for survival. Our ancestors had to struggle to find food: a condition distant from the modern era, where food and beverage are easily available [113]. This ‘memory bias’ contributes to the development of unhealthy eating behaviors which, in turn, equate to lower sleep quality.





5. Sleep and Microbiota


Gut is considered the ‘second brain’ of the human body. Besides its roles for digestion and nutrients absorption, the gut continuously communicates with the central nervous system in a bi-directional way. This concept gave rise to traditionally known paradigma/expressions such as ‘feeling butterflies in your stomach’ to implicitly describe the gut-to-brain axis. The term ‘microbiota’ refers to the collection of trillions of micro-organisms creating a complex ecosystem mainly constituted by bacteria, together with viruses, fungi, protozoa and archaea. Mechanisms through which gut microbiota may influence brain functioning are not entirely understood.



Among the hypothesized mechanisms it has been suggested that gut-brain communication occurs throughout the autonomic nervous system [114] or the enteric nervous system [115]. Numerous investigations theorized an immuno-mediated/inflammatory-dependent mechanism [116], whilst other focused on the involvement of the hypothalamic–pituitary–adrenal axis. Microbiota may influence neuronal, microglia and astrocytes functioning, and it seems that it may even regulate fetal and adult neurogenesis [117]. A recently published study has showcased that variations in entero-phenotypes exhibit a direct correlation with disparities in inter- and intra-network connectivity within the default mode network, executive control network and sensorimotor systems. This study introduces a new perspective for conceptualizing the relationship between gut and brain functioning [118].



In a broader context, the gut microbiota plays a crucial role in maintaining a robust immune system. Conversely, the presence of intestinal dysbiosis can lead to the development of chronic systemic inflammation, with notable effects on the brain, including an increased vulnerability to neuroinflammatory diseases like multiple sclerosis (MS) [119]. Recently, there has been growing recognition of the significance of the gut–brain axis in various neurological conditions, including strokes [120]. Of particular interest is the role of the microbiota in the progression of neurodegenerative diseases such as Alzheimer’s and PD. Numerous studies have suggested that the intestine and its associated microbiota may contribute to the accumulation of amyloid fibers [120]. Additionally, α-synuclein, when accumulated in the gastrointestinal tract, has the potential to travel to the substantia nigra and striatum through the vagus nerve [121]. This finding implies that the enteric nervous system could play a role in the accumulation of these fibers in the brain. Regarding synucleinopathies like PD and multiple system atrophy, there has been a significant paradigm shift. A hypothesis known as the gut-origin hypothesis has been proposed, based on evidence indicating an ascending spreading pattern of aggregated alpha-synuclein from the gut to the brain [121,122]. This hypothesis is further supported by the observed co-occurrence of inflammatory bowel disease and synucleinopathies [122]. Notably, a recent groundbreaking study demonstrated that the molecular signature of the microbiota in PD is already present in the prodromal stages of the disease and that his association is particularly evident in individuals with REM sleep behavior disorder (RBD) [122].



If the gut can influence brain functioning, triggering several neurological conditions and highly impacting on global cerebral cognition, it might not be surprising that it may impact sleep quality as well. Unhealthy diet reduces sleep quality, while higher adherence to the Mediterranean diet and food quality ameliorates it [123,124]. Thanks to its balanced composition, the Mediterranean diet (MD) is recognized as a key prevention instrument for health conservation. An intriguing and complex role for microbiota has been recently described with respect to various sleep disorders including OSA and insomnia [125] paving the way to novel therapeutic strategies in the field of sleep disorders.



Similarly, gut microbiota had been implicated in eating disorders pathophysiology, including AN and BN. According to this model, AN and BN may originate from an altered signaling between gut microbiota and host immune and neuroendocrine systems, regulating feeding behavior. After exposure to a bacterial antigen similar to the hormone a-MSH, an autoimmune reaction takes place, finally triggering the production of a-MSH cross-reactive autoantibodies, which chronically stimulate the melanocortin system, a key pathway for feeding behaviors regulation [126].




6. COVID-19, Sleep and Eating Behaviors


The recently experienced lockdown period, related to COVID-19 outbreak, exerted a massive social and psychological impact worldwide. Abruptly, most people found themselves with much more time to spend at home and to dedicate to cooking activities. In numerous instances, this circumstance has facilitated the emergence of unhealthy eating patterns characterized by excessive consumption of sugary treats, snacks and alcohol [127]. This tendency has been particularly prevalent among individuals who experience anxiety, engage in emotional eating, suffer from depression or have pre-existing eating disorders [128]. Surprisingly, in other cases, people improved their nutrition habits, preferring home-cooked meals, fresh vegetables, legumes and fruits [129]. The quarantine strongly impacted on subjects’ sleeping schedules as well. Interestingly, in most of cases it caused a worsening of sleep quality, correlated with unhealthy eating patterns, once again indicating the existence of a link between the conditions [130,131]. A recently published Italian study explored the impact of the adherence to MD with respect to eating habits during the lockdown period [132]. According to their results, patients subdivided into four clusters: ‘healthy eaters’ (mainly women and elderly with high MD), ‘less eaters’ (mainly men, with low-to-moderate MD), ‘usual eaters’ (prevalently women and elderly, with low adherence to MD) and the ‘more eaters’ (mainly young women with low MD). Similar results had been described by Prete et al. [133]. It seems that adherence to MD improved quality of diet during the lockdown period among Italians. This study indirectly underlined the importance to educate patients towards healthy eating habits in dramatic situations, such as quarantine. The MD is considered among the healthiest dietary pattern worldwide, as it could reduce chronic inflammation, promote metabolic balance and sustain inflammatory system reactivity [134]. Similarly, the MD showed positive effects with respect to numerous sleep disorders including obstructive sleep apnea and insomnia [135,136]. Dietary composition can strongly influence sleep features with different pathways: for example, omega-3 fatty acids modulate the serotoninergic and dopaminergic transmission, high-glycemic index carbohydrates increase the availability of tryptophan for serotonin synthesis and L-ornithin reduces stress-induced activation of the central nervous system mediated by the GABA receptor [137]. By recognizing the risk factors associated with the development of unhealthy dietary habits during the COVID-19 pandemic, and acknowledging the significant link between nutrition and sleep quality, healthcare practitioners and researchers should prioritize these areas when assessing patients during challenging periods like quarantine.




7. Impact of Culture and Chronobiology


The tangled relationship between eating behavior and sleep should always be evaluated in a more holistic perspective inclusive of cultural, religious and demographic information, and keep in mind the dynamic evolvement of individual’s chronotype throughout their lifespan. As most living animals, humans require the correct functioning of numerous circadian clocks to adapt properly to environmental changes and to the 24-h planet rotation along its axis. The regulation of inner circadian rhythm is highly complex and dynamically changes with aging, under the influence of hormonal levels, health status and following genetic and epigenetic variations. It has been proved that the human internal rhythm relies on a bidirectional flow between the main circadian pacemaker (suprachiasmatic nucleus) and the numerous peripheral functional clocks, located in almost all tissues and cells [138]. Notably, at the individual level, the circadian rhythm is not uniform over the course of a lifetime, and numerous changes occur starting from the earlier phases after birth, persisting during adolescence and adulthood and continue to evolve with increasing age [139]. Some aspects of chronoregulation and eating habits also appear largely influenced by cultural/religious features: during the Islamic Ramadan, for instance, Muslims abstain from eating and drinking from dawn to dusk and this fasting is considered a pillar of Islam. In Argentina, most people have four meals a day (including breakfast, lunch, afternoon meal, or merienda, and dinner), while the Chinese tradition suggest adapting to the introduction of higher and lower carbohydrate meals respecting the transition between the yin (resting phase) and yang (active phase) [140,141]. Equally, it is important to evaluate some cultural features such as the healthy habit for family meals, highly prevalent in Italy and Europe, which have been proved to impact on physical and mental health and seems to prevent numerous maladaptive behaviors [142]. Meal frequency during the day and meal composition can also influence health and energy level, lastly modulating sleep quality and quantity. All these chronobiological aspects largely influence lifestyle, wellbeing and metabolism. The correct alignment between central and peripheral clocks is essential to support metabolic functioning. It is known that morning usually supports healthier dietary habits, reduces the risk for social jetlag and promotes a longer duration of nocturnal sleep in both adolescents and adults, while more evening-type subjects are at higher risk for derailment of both sleep and diet, presenting often unhealthy lifestyle patterns [143,144]. Thereafter, cultural, religious, demographic and circadian features should always be evaluated at an individual level while investigating the relationship between sleep and diet (Figure 5).




8. Conclusions


According to Aristotle “sleep occurs when the body element is dragged upwards by the heat through the veins to the head. (…) The animal wakes up when digestion is finished, that is, when the heat that in large quantities had been concentrated by the neighboring regions within a small space prevails and the more full-bodied blood is separated from the purer one’’ (Parva Naturalia, Aristotele, 4th century BC). Modern science has confirmed the close connection between sleep and nutrition and their emotional background appears deeply intermingled. Future research should include their comprehensive evaluation to allow a wider understanding of patients’ health conditions. Careful assessment of nutrition habits and schedule should be included in the routine diagnostic work-up of patients affected by sleep disorders and efforts should be dedicated to their education. Conversely, an accurate description of sleep–wake habits and sleep quality might enrich nutritionists and psychiatric work-up towards patients affected by ED, as they commonly hide their sleeping disturbances. Within this intricate framework, we additionally emphasize the captivating involvement of the orexinergic system and gut microbiota. Cultural, religious and demographic aspects should always be considered in the clinical care of patients with eating and/or sleeping disturbances. These factors have the potential to aid in the phenotyping of sleep and eating disorders, offering a novel, integrated and multidisciplinary perspective.







Author Contributions


Conceptualization, C.M. and L.P.; Writing—Original Draft Preparation, C.M., G.M., V.M. and F.M.; Writing—Review & Editing, L.P., S.P., F.R., I.R., F.M., A.Z. and M.S.; Supervision, L.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research did not receive any specific grant from funding agencies in the public, commercial or not-for-profit sectors.




Data Availability Statement


Not applicable.




Conflicts of Interest


None of the authors reported disclosures relevant to the manuscript, nor financial or other conflict of interest.




References


	



Wrangham, R. The evolution of human nutrition. Curr. Biol. CB 2013, 23, R354–R355. [Google Scholar] [CrossRef] [PubMed]

	



Nunn, C.L.; Samson, D.R.; Krystal, A.D. Shining evolutionary light on human sleep and sleep disorders. Evol. Med. Public Health 2016, 2016, 227–243. [Google Scholar] [CrossRef] [PubMed]

	



Samson, D.R.; Nunn, C.L. Sleep intensity and the evolution of human cognition. Evol. Anthropol. 2015, 24, 225–237. [Google Scholar] [CrossRef] [PubMed]

	



Mutti, C.; Misirocchi, F.; Zilioli, A.; Rausa, F.; Pizzarotti, S.; Spallazzi, M.; Parrino, L. Sleep and brain evolution across the human lifespan: A mutual embrace. Front. Netw. Physiol. 2022, 2, 938012. [Google Scholar] [CrossRef]

	



Cornélio, A.M.; de Bittencourt-Navarrete, R.E.; de Bittencourt Brum, R.; Queiroz, C.M.; Costa, M.R. Human Brain Expansion during Evolution Is Independent of Fire Control and Cooking. Front. Neurosci. 2016, 10, 167. [Google Scholar] [CrossRef]

	



Ennos, R. The Age of Wood: Our Most Useful Material and the Construction of Civilization; Scriber: New York, NY, USA, 2020. [Google Scholar]

	



Suzman, J. Work: A History of How We Spend Our Time; Bloomsbury: London, UK, 2020. [Google Scholar]

	



Vilar-Compte, M.; Burrola-Méndez, S.; Lozano-Marrufo, A.; Ferré-Eguiluz, I.; Flores, D.; Gaitán-Rossi, P.; Teruel, G.; Pérez-Escamilla, R. Urban poverty and nutrition challenges associated with accessibility to a healthy diet: A global systematic literature review. Int. J. Equity Health 2021, 20, 40. [Google Scholar] [CrossRef]

	



World Health Organization. Healthy Diet for Adults. Available online: http://www.emro.who.int/noncommunicable-diseases/campaigns/healthy-diet-for-adults.html (accessed on 20 August 2023).

	



Leger, D.; Guilleminault, C.; Bader, G.; Levy, E.; Paillard, M. Medical and Socio-professional impact of insomnia. Sleep 2002, 25, 621–625. [Google Scholar] [CrossRef]

	



Fuller, C.; Lehman, E.; Hicks, S.; Novick, M.B. Bedtime Use of Technology and Associated Sleep Problems in Children. Glob. Pediatr. Health 2017, 4, 2333794X17736972. [Google Scholar] [CrossRef]

	



Fassino, S.; Abbate Daga, G.; Defilippi, S.; Gianotti, L.; Gastaldi, F.; Delsedime, N. Sleep and eating disorders: A review. G. Ital. Psicopatol. 2005, 11, 354–362. [Google Scholar]

	



Ellis, J.G.; Perlis, M.L.; Espie, C.A.; Grandner, M.A.; Bastien, C.H.; Barclay, N.L.; Altena, E.; Gardani, M. The natural history of insomnia: Predisposing, precipitating, coping, and perpetuating factors over the early developmental course of insomnia. Sleep 2021, 44, zsab095. [Google Scholar] [CrossRef]

	



Capovani, B.; Mauri, M.; Borri, C.; Baldassarri, M.; Miniati, M.; Cassano, G.B. Comorbidità nei disturbi del comportamento alimentare. G. Ital. Psicopatol. 1999, 5, 38–44. [Google Scholar]

	



Milos, G.F.; Spindler, A.M.; Buddeberg, C.; Crameri, A. Axis I and II comorbidity and treatment experiences in eating disorder subjects. Psychoter. Psychosom. 2003, 72, 276–285. [Google Scholar] [CrossRef] [PubMed]

	



Goel, N.J.; Sadeh-Sharvit, S.; Trockel, M.; Flatt, R.E.; Fitzsimmons-Craft, E.E.; Balantekin, K.N.; Monterubio, G.E.; Firebaugh, M.L.; Wilfley, D.E.; Taylor, C.B. Depression and anxiety mediate the relationship between insomnia and eating disorders in college women. J. Am. Coll. Health 2021, 69, 976–981. [Google Scholar] [CrossRef] [PubMed]

	



Galmiche, M.; Déchelotte, P.; Lambert, G.; Tavolacci, M.P. Prevalence of eating disorders over the 2000–2018 period: A systematic literature review. Am. J. Clin. Nutr. 2019, 109, 1402–1413. [Google Scholar] [CrossRef]

	



Leproult, R.; Van Cauter, E. Role of sleep and sleep loss in hormonal release and metabolism. Endocr. Dev. 2010, 17, 11–21. [Google Scholar] [CrossRef]

	



American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5): Feeding and Eating Disorders; American Psychiatric Association: Washington, DC, USA, 2013. [Google Scholar]

	



Heimann, P.M.; Konrad, K.; Vloet, T.D. Anorexia nervosa bei Jungen [Anorexia nervosa in males]. Z Kinder Jugendpsychiatr. Psychother. 2018, 46, 478–487. [Google Scholar] [CrossRef]

	



Munno, D.; Sterpone, S.C.M.; Zullo, G. L’anoressia nervosa maschile. Una review. G. Ital. Psicopatol. 2005, 11, 215–224. [Google Scholar]

	



Ralph-Nearman, C.; Williams, B.M.; Ortiz, A.; Smith, A.R.; Levinson, C.A. Pinpointing core and pathway symptoms among sleep disturbance, anxiety, worry, and eating disorder symptoms in anorexia nervosa and atypical anorexia nervosa. J. Affect. Disord. 2021, 294, 24–32. [Google Scholar] [CrossRef]

	



Malcolm, A.; Toh, W.L.; Crocker, K.; Phillipou, A. The contribution of sleep to anorexia nervosa severity. Eat. Weight. Disord. 2021, 27, 1563–1568. [Google Scholar] [CrossRef]

	



Lacey, J.H.; Crisp, A.H.; Kalucy, R.S.; Hartmann, M.; Chien, C. Study of EEG sleep characteristics in patients with anorexia nervosa before and after restoration of matched population mean weight consequent on ingestion of a “normal” diet. Postgrad. Med. J. 1976, 52, 45–49. [Google Scholar] [CrossRef]

	



Menculini, G.; Brufani, F.; Del Bello, V.; Moretti, P.; Tortorella, A. Circadian rhythms disruptions and eating disorders: Clinical impact and possible psychopathological correlates. Psychiatr. Danub. 2019, 31 (Suppl. S3), 497–502. [Google Scholar] [PubMed]

	



Guirguis, W.R. Sleepwalking as a symptom of bulimia. Br. Med. J. 1986, 293, 587–588. [Google Scholar] [CrossRef] [PubMed]

	



Asaad Abdou, T.; Esawy, H.I.; Abdel Razek Mohamed, G.; Hussein Ahmed, H.; Elhabiby, M.M.; Khalil, S.A.; El-Hawary, Y.A. Sleep profile in anorexia and bulimia nervosa female patients. Sleep Med. 2018, 48, 113–116. [Google Scholar] [CrossRef] [PubMed]

	



Trace, S.E.; Thornton, L.M.; Runfola, C.D.; Lichtenstein, P.; Pedersen, N.L.; Bulik, C.M. Sleep problems are associated with binge eating in women. Int. J. Eat. Disord. 2012, 45, 695–703. [Google Scholar] [CrossRef] [PubMed]

	



Ulman, T.F.; Von Holle, A.; Torgersen, L.; Stoltenberg, C.; Reichborn-Kjennerud, T.; Bulik, C.M. Sleep disturbances and binge eating disorder symptoms during and after pregnancy. Sleep 2012, 35, 1403–1411. [Google Scholar] [CrossRef] [PubMed]

	



Kim, K.R.; Jung, Y.C.; Shin, M.Y.; Namkoong, K.; Kim, J.K.; Lee, J.H. Sleep disturbance in women with eating disorder: Prevalence and clinical characteristics. Psychiatry Res. 2010, 176, 88–90. [Google Scholar] [CrossRef] [PubMed]

	



Della Marca, G.; Farina, B.; Di Giannantonio, M.; De Risio, S.; Ciocca, A.; Mazza, M. Microstructure of sleep in eating disorders: Preliminary results. Eat. Weight. Disord. 2004, 9, 77–80. [Google Scholar] [CrossRef]

	



Dippel, B.; Lauer, C.; Riemann, D. Sleep and dreams in eating disorders. Psychoter. Psychosom. 1987, 48, 165–169. [Google Scholar] [CrossRef]

	



Di Matteo, A.; Bossi, E.; Amianto, F.; Leombruni, P.; Abbate, D.; de Dominicis, F.; Rambaudi, A.; Fiori, L.; Fassino, S. La qualità della vita nei sogni delle pazienti bulimarexiche. In La Qualità Della Vita. Percorsi Psicologici, Biomedici e Transculturali; Fasino, S., Leombruni, P., Rovera, G.G., Eds.; CSE: Torino, Piedmont, 2000; pp. 243–260. [Google Scholar]

	



Brink, S.; Allan, J. Dreams of anorexic and bulimic woman: A research study. J. Ann. Psychol. 1992, 37, 275–297. [Google Scholar] [CrossRef]

	



Mehr, J.B.; Mitchison, D.; Bowrey, H.E.; James, M.H. Sleep dysregulation in binge eating disorder and “food addiction”: The orexin (hypocretin) system as a potential neurobiological link. Neuropsychopharmacology 2021, 46, 2051–2061. [Google Scholar] [CrossRef]

	



Li, J.; Hu, Z.; de Lecea, L. The hypocretins/orexins: Integrators of multiple physiological functions. Br. J. Pharmacol. 2014, 171, 332–350. [Google Scholar] [CrossRef] [PubMed]

	



Muehlan, C.; Vaillant, C.; Zenklusen, I.; Kraehenbuehl, S.; Dingemanse, J. Clinical pharmacology, efficacy, and safety of orexin receptor antagonists for the treatment of insomnia disorders. Expert Opin. Drug Metab. Toxicol. 2020, 16, 1063–1078. [Google Scholar] [CrossRef] [PubMed]

	



Perez-Campos, E.; Mayoral, L.P.-C.; Andrade, G.M.; Mayoral, E.P.-C.; Huerta, T.H.; Canseco, S.P.; Canales, F.J.R.; Cabrera-Fuentes, H.A.; Cruz, M.M.; Santiago, A.D.P.; et al. Obesity subtypes, related biomarkers & heterogeneity. Indian J. Med. Res. 2020, 151, 11–21. [Google Scholar] [CrossRef]

	



St-Onge, M.P.; Wolfe, S.; Sy, M.; Shechter, A.; Hirsch, J. Sleep restriction increases the neuronal response to unhealthy food in normal-weight individuals. Int. J. Obes. 2014, 38, 411–416. [Google Scholar] [CrossRef] [PubMed]

	



Taheri, S.; Lin, L.; Austin, D.; Young, T.; Mignot, E. Short sleep duration is associated with reduced leptin, elevated ghrelin, and increased body mass index. PLoS Med. 2004, 1, e62. [Google Scholar] [CrossRef] [PubMed]

	



Miller, A.L.; Lumeng, J.C.; LeBourgeois, M.K. Sleep patterns and obesity in childhood. Curr. Opin. Endocrinol. Diabetes Obes. 2015, 22, 41–47. [Google Scholar] [CrossRef]

	



Meurling, I.J.; Shea, D.O.; Garvey, J.F. Obesity and sleep: A growing concern. Curr. Opin. Pulm. Med. 2019, 25, 602–608. [Google Scholar] [CrossRef]

	



Vgontzas, A.N.; Papanicolaou, D.A.; Bixler, E.O.; Kales, A.; Tyson, K.; Chrousos, G.P. Elevation of plasma cytokines in disorders of excessive daytime sleepiness: Role of sleep disturbance and obesity. J. Clin. Endocrinol. Metab. 1997, 82, 1313–1316. [Google Scholar] [CrossRef]

	



Vgontzas, A.N.; Bixler, E.O.; Chrousos, G.P. Obesity-related sleepiness and fatigue: The role of the stress system and cytokines. Ann. N Y Acad. Sci. 2006, 1083, 329–344. [Google Scholar] [CrossRef]

	



Pace, M.; Falappa, M.; Freschi, A.; Balzani, E.; Berteotti, C.; Martire, V.L.; Kaveh, F.; Hovig, E.; Zoccoli, G.; Amici, R.; et al. Loss of Snord116 impacts lateral hypothalamus, sleep, and food-related behaviors. JCI Insight. 2020, 5, e137495. [Google Scholar] [CrossRef]

	



Duis, J.; Pullen, L.C.; Picone, M.; Friedman, N.; Hawkins, S.; Sannar, E.; Pfalzer, A.C.; Shelton, A.R.; Singh, D.; Zee, P.C.; et al. Diagnosis and management of sleep disorders in Prader-Willi syndrome. J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2022, 18, 1687–1696. [Google Scholar] [CrossRef] [PubMed]

	



Vinai, P.; Cardetti, S.; Studt, S.; Carpegna, G.; Ferrato, N.; Vallauri, P.; Casey, H.; Vinai, L.; Vinai, P.; Strambi, L.F.; et al. Clinical validity of the descriptor “Presence of a belief that one must eat in order to get to sleep” in diagnosing the night eating syndrome. Appetite 2014, 75, 46–48. [Google Scholar] [CrossRef] [PubMed]

	



Spaggiari, M.C.; Granella, F.; Parrino, L.; Marchesi, C.; Melli, I.; Terzano, M.G. Nocturnal eating syndrome in adults. Sleep 1994, 17, 339–344. [Google Scholar] [CrossRef] [PubMed]

	



Lundgren, J.D.; Allison, K.C.; O’Reardon, J.P.; Stunkard, A.J. A descriptive study of non-obese persons with night eating syndrome and a weight-matched comparison group. Eat. Behav. 2008, 9, 343–351. [Google Scholar] [CrossRef] [PubMed]

	



O’Reardon, J.P.; Ringel, B.L.; Dinges, D.F.; Allison, K.C.; Rogers, N.L.; Martino, N.S.; Stunkard, A.J. Circadian eating and sleeping patterns in the night eating syndrome. Obes. Res. 2004, 12, 1789–1796. [Google Scholar] [CrossRef]

	



Yoshida, J.; Eguchi, E.; Nagaoka, K.; Ito, T.; Ogino, K. Association of night eating habits with metabolic syndrome and its components: A longitudinal study. BMC Public Health 2018, 18, 1366. [Google Scholar] [CrossRef]

	



Wal, J.S.V. The Treatment of Night Eating Syndrome: A Review and Theoretical Model. Curr. Obes. Rep. 2014, 3, 137–144. [Google Scholar] [CrossRef]

	



O’Reardon, J.P.; Allison, K.C.; Martino, N.S.; Lundgren, J.D.; Heo, M.; Stunkard, A.J. A randomized, placebo-controlled trial of sertraline in the treatment of night eating syndrome. Am. J. Psychiatry 2006, 163, 893–898. [Google Scholar] [CrossRef]

	



Vander Wal, J.S.; Gang, C.H.; Griffing, G.T.; Gadde, K.M. Escitalopram for treatment of night eating syndrome: A 12-week, randomized, placebo-controlled trial. J. Clin. Psychopharmacol. 2012, 32, 341–345. [Google Scholar] [CrossRef]

	



Friedman, S.; Even, C.; Dardennes, R.; Guelfi, J.D. Light therapy, obesity, and night-eating syndrome. Am. J. Psychiatry 2002, 159, 875–876. [Google Scholar] [CrossRef]

	



Zapp, A.A.; Fischer, E.C.; Deuschle, M. The effect of agomelatine and melatonin on sleep-related eating: A case report. J. Med. Case Rep. 2017, 11, 275. [Google Scholar] [CrossRef] [PubMed]

	



Winkelman, J.W. Treatment of nocturnal eating syndrome and sleep-related eating disorder with topiramate. Sleep Med. 2003, 4, 243–246. [Google Scholar] [CrossRef]

	



Charalambous, A.; Giannakopoulou, M.; Bozas, E.; Paikousis, L. A randomized controlled trial for the effectiveness of progressive muscle relaxation and guided imagery as anxiety reducing interventions in breast and prostate cancer patients undergoing chemotherapy. Evid.-Based Complement. Altern. Med. 2015, 2015, 270876. [Google Scholar] [CrossRef]

	



McCune, A.M.; Lundgren, J.D. Bright light therapy for the treatment of night eating syndrome: A pilot study. Psychiatry Res. 2015, 229, 577–579. [Google Scholar] [CrossRef] [PubMed]

	



Allison, K.C.; Lundgren, J.D.; Moore, R.H.; O’reardon, J.P.; Stunkard, A.J. Cognitive behavior therapy for night eating syndrome: A pilot study. Am. J. Psychother. 2010, 64, 91–106. [Google Scholar] [CrossRef] [PubMed]

	



Costa, M.B.; Melnik, T. Effectiveness of psychosocial interventions in eating disorders: An overview of Cochrane systematic reviews. Einstein 2016, 14, 235–277. [Google Scholar] [CrossRef] [PubMed]

	



Thorpy, M.J. Classification of sleep disorders. Neurotherapeutics 2012, 9, 687–701. [Google Scholar] [CrossRef]

	



Hening, W.A.; Walters, A.S.; Wagner, M.; Rosen, R.; Chen, V.; Kim, S.; Shah, M.; Thai, O. Circadian rhythm of motor restlessness and sensory symptoms in the idiopathic restless legs syndrome. Sleep 1999, 22, 901–912. [Google Scholar] [CrossRef]

	



Trenkwalder, C.; Hening, W.A.; Walters, A.S.; Campbell, S.S.; Rahman, K.; Chokroverty, S. Circadian rhythm of periodic limb movements and sensory symptoms of restless legs syndrome. Mov. Disord. 1999, 14, 102–110. [Google Scholar] [CrossRef]

	



Sforza, E.; Jouny, C.; Ibanez, V. Time course of arousal response during periodic leg movements in patients with periodic leg movements and restless legs syndrome. Clin. Neurophysiol. 2003, 114, 1116–1124. [Google Scholar] [CrossRef] [PubMed]

	



Geliebter, A.; McOuatt, H.; Tetreault, C.B.; Kordunova, D.; Rice, K.; Zammit, G.; Gluck, M. Is night eating syndrome associated with obstructive sleep apnea, BMI, and depressed mood in patients from a sleep laboratory study? Eat. Behav. 2016, 23, 115–119. [Google Scholar] [CrossRef] [PubMed]

	



Olbrich, K.; Mühlhans, B.; Allison, K.C.; Hahn, E.G.; Schahin, S.P.; de Zwaan, M. Night eating, binge eating and related features in patients with obstructive sleep apnea syndrome. Eur. Eat. Disord. Review 2009, 17, 120–127. [Google Scholar] [CrossRef] [PubMed]

	



Nirenberg, M.J.; Waters, C. Compulsive eating and weight gain related to dopamine agonist use. Mov. Disord. 2006, 21, 524–529. [Google Scholar] [CrossRef] [PubMed]

	



Paquet, V.; Strul, J.; Servais, L.; Pelc, I.; Fossion, P. Sleep-related eating disorder induced by olanzapine. J. Clin. Psychiatry 2002, 63, 597. [Google Scholar] [CrossRef] [PubMed]

	



Wallace, D.M.; Maze, T.; Shafazand, S. Sodium oxybate-induced sleep driving and sleep-related eating disorder. J. Clin. Sleep Med. 2011, 7, 310–311. [Google Scholar] [CrossRef]

	



Schenck, C.H.; Connoy, D.A.; Castellanos, M.; Johnson, B.; Werner, R.; Willis, L.; Bornemann, M.A.; Mahowald, M.W. Zolpidem-induced Sleep-Related Eating Disorder (SRED) in 19 patients. Sleep 2005, 28, a259. [Google Scholar]

	



Winkelman, J.W. Clinical and polysomnographic features of sleep-related eating disorder. J. Clin. Psychiatry 1998, 59, 14–19. [Google Scholar] [CrossRef]

	



Sanger, D.J. The pharmacology and mechanisms of action of new generation, non-benzodiazepine hypnotic agents. CNS Drugs 2004, 18 (Suppl. S1), 9. [Google Scholar] [CrossRef]

	



Greenblatt, D.J.; Roth, T. Zolpidem for insomnia. Expert Opin. Pharmacother. 2012, 13, 879–893. [Google Scholar] [CrossRef]

	



Uygun, D.S.; Ye, Z.; Zecharia, A.Y.; Harding, E.C.; Yu, X.; Yustos, R.; Vyssotski, A.L.; Brickley, S.G.; Franks, N.P.; Wisden, W. Bottom-Up versus Top-Down Induction of Sleep by Zolpidem Acting on Histaminergic and Neocortex Neurons. J. Neurosci. 2016, 36, 11171–11184. [Google Scholar] [CrossRef]

	



Ho, T.; Jimenez, A.; Sanchez, I.; Seeger, C.; Joseph, M. Sleep-related eating disorder associated with zolpidem: Cases compiled from a literature review. Sleep Med. X 2020, 2, 100019. [Google Scholar] [CrossRef] [PubMed]

	



Kaur, H.; Jahngir, M.U.; Siddiqui, J.H. Sleep-related Eating Disorder in a Patient with Parkinson’s Disease. Cureus 2018, 10, e3345. [Google Scholar] [CrossRef] [PubMed]

	



Provini, F.; Albani, F.; Vetrugno, R.; Vignatelli, L.; Lombardi, C.; Plazzi, G.; Montagna, P. A pilot double-blind placebo-controlled trial of low-dose pramipexole in sleep-related eating disorder. Eur. J. Neurol. 2005, 12, 432–436. [Google Scholar] [CrossRef] [PubMed]

	



Chopra, A.; Patel, R.S.; Baliga, N.; Narahari, A.; Das, P. Sleepwalking and sleep-related eating associated with atypical antipsychotic medications: Case series and systematic review of literature. Gen. Hosp. Psychiatry 2020, 65, 74–81. [Google Scholar] [CrossRef]

	



Jeong, J.H.; Bahk, W.M. Sleep-related eating disorder associated with mirtazapine. J. Clin. Psychopharmacol. 2014, 34, 752–753. [Google Scholar] [CrossRef]

	



Sheng, Z.; Santiago, A.M.; Thomas, M.P.; Routh, V.H. Metabolic regulation of lateral hypothalamic glucose-inhibited orexin neurons may influence midbrain reward neurocircuitry. Mol. Cell. Neurosci. 2014, 62, 30–41. [Google Scholar] [CrossRef]

	



Schenck, C.H.; Mahowald, M.W. Combined bupropion-levodopa-trazodone therapy of sleep-related eating and sleep disruption in two adults with chemical dependency. Sleep 2000, 23, 587–588. [Google Scholar]

	



Winkelman, J.W.; Wipper, B.; Purks, J.; Mei, L.; Schoerning, L. Topiramate reduces nocturnal eating in sleep-related eating disorder. Sleep 2020, 43, zsaa060. [Google Scholar] [CrossRef]

	



Berridge, K.C.; Ho, C.Y.; Richard, J.M.; DiFeliceantonio, A.G. The tempted brain eats: Pleasure and desire circuits in obesity and eating disorders. Brain Res. 2010, 1350, 43–64. [Google Scholar] [CrossRef]

	



Bayard, S.; Dauvilliers, Y.A. Reward-based behaviors and emotional processing in humans with narcolepsy-cataplexy. Front. Behav. Neurosci. 2013, 7, 50. [Google Scholar] [CrossRef]

	



Truzzi, G.M.; Cremaschi, R.C.; Coelho, F.M. Human hypocretin-deficient narcolepsy-aberrant food choice due to impaired taste? Sleep Sci. 2017, 10, 78–79. [Google Scholar] [CrossRef] [PubMed]

	



BaHammam, A.S.; Alnakshabandi, K.; Pandi-Perumal, S.R. Neuropsychiatric Correlates of Narcolepsy. Curr. Psychiatry Rep. 2020, 22, 36. [Google Scholar] [CrossRef]

	



Kok, S.W.; Overeem, S.; Visscher, T.L.; Lammers, G.J.; Seidell, J.C.; Pijl, H.; Meinders, A.E. Hypocretin deficiency in narcoleptic humans is associated with abdominal obesity. Obes. Res. 2003, 11, 1147–1154. [Google Scholar] [CrossRef] [PubMed]

	



Mohammadi, S.; Moosaie, F.; Saghazadeh, A.; Mahmoudi, M.; Rezaei, N. Metabolic profile in patients with narcolepsy: A systematic review and meta-analysis. Sleep Med. 2021, 81, 268–284. [Google Scholar] [CrossRef] [PubMed]

	



Van Holst, R.J.; Van Der Cruijsen, L.; Van Mierlo, P.; Lammers, G.J.; Cools, R.; Overeem, S.; Aarts, E. Aberrant food choices after satiation in human orexin-deficient narcolepsy type 1. Sleep 2016, 39, 1951–1959. [Google Scholar] [CrossRef]

	



Palaia, V.; Poli, F.; Pizza, F.; Antelmi, E.; Franceschini, C.; Moghadam, K.K.; Provini, F.; Pagotto, U.; Montagna, P.; Schenck, C.H.; et al. Narcolepsy with cataplexy associated with nocturnal compulsive behaviors: A case-control study. Sleep 2011, 34, 1365–1371. [Google Scholar] [CrossRef]

	



Scolnick, B. Antihistamine agents and pitolisant might be useful for anorexia nervosa. Med. Hypotheses 2019, 132, 109342. [Google Scholar] [CrossRef]

	



Critchley, M. Periodic hypersomnia and megaphagia in adolescent males. Brain 1962, 85, 627–657. [Google Scholar] [CrossRef]

	



Gadoth, N.; Oksenberg, A. Kleine-Levin syndrome: An update and mini-review. Brain Dev. 2017, 39, 665–671. [Google Scholar] [CrossRef]

	



Ambati, A.; Hillary, R.; Leu-Semenescu, S.; Ollila, H.M.; Lin, L.; During, E.H.; Farber, N.; Rico, T.J.; Faraco, J.; Leary, E.; et al. Kleine-Levin syndrome is associated with birth difficulties and genetic variants in the TRANK1 gene loci. Proc. Natl. Acad. Sci. USA 2021, 118, e2005753118. [Google Scholar] [CrossRef]

	



de Oliviera, M.M.; Conti, C.; Prado, G.F. Pharmacological treatment for Kleine-Levin syndrome. Cochrane Database Syst. Rev. 2016, 2016, CD006685. [Google Scholar] [CrossRef] [PubMed]

	



Dauvilliers, Y.; Mayer, G.; Lecendreux, M.; Neidhart, E.; Peraita-Adrados, R.; Sonka, K.; Billiard, M.; Tafti, M. Kleine-Levin syndrome: An autoimmune hypothesis based on clinical and genetic analyses. Neurology 2002, 59, 1739–1745. [Google Scholar] [CrossRef] [PubMed]

	



Melpignano, A.; Milioli, G.; Bertelè, A.; Vaudano, A.E.; Ghetti, C.; Parrino, L.; Ruffini, L. Kleine-Levin syndrome: The contribution of PET scan and hydrogen breath test for small intestinal bacterial overgrowth. Sleep Med. 2018, 46, 95–97. [Google Scholar] [CrossRef] [PubMed]

	



Arnulf, I.; Groos, E.; Dodet, P. Kleine-Levin syndrome: A neuropsychiatric disorder. Rev. Neurol. 2018, 174, 216–227. [Google Scholar] [CrossRef] [PubMed]

	



Hirshkowitz, M.; Whiton, K.; Albert, S.M.; Alessi, C.; Bruni, O.; DonCarlos, L.; Hazen, N.; Herman, J.; Katz, E.S.; Kheirandish-Gozal, L.; et al. National Sleep Foundation’s sleep time duration recommendations: Methodology and results summary. Sleep Health 2015, 1, 40–43. [Google Scholar] [CrossRef]

	



Matricciani, L.; Olds, T.; Petkov, J. In search of lost sleep: Secular trends in the sleep time of school-aged children and adolescents. Sleep Med. Reviews 2012, 16, 203–211. [Google Scholar] [CrossRef]

	



Chang, A.M.; Aeschbach, D.; Duffy, J.F.; Czeisler, C.A. Evening use of light-emitting eReaders negatively affects sleep, circadian timing, and next-morning alertness. Proc. Natl. Acad. Sci. USA 2015, 112, 1232–1237. [Google Scholar] [CrossRef]

	



Miller, M.A.; Bates, S.; Ji, C.; Cappuccio, F.P. Systematic review and meta-analyses of the relationship between short sleep and incidence of obesity and effectiveness of sleep interventions on weight gain in preschool children. Obes. Rev. 2021, 22, e13113. [Google Scholar] [CrossRef]

	



Boege, H.L.; Bhatti, M.Z.; St-Onge, M.P. Circadian rhythms and meal timing: Impact on energy balance and body weight. Curr. Opin. Biotechnol. 2020, 70, 1–6. [Google Scholar] [CrossRef]

	



Kandeger, A.; Selvi, Y.; Tanyer, D.K. The effects of individual circadian rhythm differences on insomnia, impulsivity, and food addiction. Eat. Weight. Disord. 2019, 24, 47–55. [Google Scholar] [CrossRef]

	



Meng, H.; Zhu, L.; Kord-Varkaneh, H.; Santos, H.O.; Tinsley, G.M.; Fu, P. Effects of intermittent fasting and energy-restricted diets on lipid profile: A systematic review and meta-analysis. Nutrition 2020, 77, 110801. [Google Scholar] [CrossRef] [PubMed]

	



McEown, K.; Takata, Y.; Cherasse, Y.; Nagata, N.; Aritake, K.; Lazarus, M. Chemogenetic inhibition of the medial prefrontal cortex reverses the effects of REM sleep loss on sucrose consumption. Elife 2016, 5, e20269. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Z.; Wang, Y.; Cai, L.; Li, Y.; Chen, B.; Dong, Y.; Huang, Y.H. Prefrontal Cortex to Accumbens Projections in Sleep Regulation of Reward. J. Neurosci. 2016, 36, 7897–7910. [Google Scholar] [CrossRef] [PubMed]

	



Wittmann, M.; Dinich, J.; Merrow, M.; Roenneberg, T. Social jetlag: Misalignment of biological and social time. Chronobiol. Int. 2006, 23, 497–509. [Google Scholar] [CrossRef] [PubMed]

	



Arab, A.; Karimi, E.; Garaulet, M.; Scheer, F.A. Social jetlag and dietary intake: A systematic review. Sleep Med. Rev. 2023, 71, 101820. [Google Scholar] [CrossRef]

	



Haupt, S.; Eckstein, M.L.; Wolf, A.; Zimmer, R.T.; Wachsmuth, N.B.; Moser, O. Eat, Train, Sleep-Retreat? Hormonal Interactions of Intermittent Fasting, Exercise and Circadian Rhythm. Biomolecules 2021, 11, 516. [Google Scholar] [CrossRef]

	



Fagnani, C.; Toccaceli, V.; Delfino, D.; Medda, E.; Stazi, M.A. Determinanti del comportamento alimentare: Il contributo degli studi sui gemelli. Epidemiol. Prev. 2015, 39, 350–359. [Google Scholar]

	



Palanza, P.; Parmigiani, S. Why human evolution should be a basic science for medicine and psychology students. J. Anthropol. Sci. 2016, 94, 183–192. [Google Scholar] [CrossRef]

	



Fulling, C.; Dinan, T.G.; Cryan, J.F. Gut microbe to brain signaling: What happens in Vagus. Neuron 2019, 101, 998–1002. [Google Scholar] [CrossRef]

	



Furness, J.B. The enteric nervous system and neurogastroenterology. Nat. Rev. Gastroenterol. Hepatol. 2012, 9, 286–294. [Google Scholar] [CrossRef]

	



Fung, T.C.; Olson, C.A.; Hsiao, E.Y. Interactions between the microbiota, immune and nervous systems in health and disease. Nat. Neurosci. 2017, 20, 145–155. [Google Scholar] [CrossRef] [PubMed]

	



Cai, Y.; Juszczak, H.M.; Cope, E.K.; Goldberg, A.N. The Microbiome in Obstructive Sleep Apnea. Sleep 2021, 44, zsab061. [Google Scholar] [CrossRef]

	



Han, S.; Cai, L.; Chen, P.; Kuang, W. A study of the correlation between stroke and gut microbiota over the last 20years: A bibliometric analysis. Front. Microbiol. 2023, 14, 1191758. [Google Scholar] [CrossRef] [PubMed]

	



Camara-Lemarroy, C.R.; Metz, L.M.; Yong, V.W. Focus on the gut-brain axis: Multiple sclerosis, the intestinal barrier and the microbiome. World J. Gastroenterol. 2018, 24, 4217–4223. [Google Scholar] [CrossRef] [PubMed]

	



Carloni, S.; Rescigno, M. The gut-brain vascular axis in neuroinflammation. Semin. Immunol. 2023, 69, 101802. [Google Scholar] [CrossRef]

	



Schmitt, V.; Masanetz, R.K.; Weidenfeller, M.; Ebbinghaus, L.S.; Süß, P.; Rosshart, S.P.; von Hörsten, S.; Zunke, F.; Winkler, J.; Xiang, W. Gut-to-brain spreading of pathology in synucleinopathies: A focus on molecular signalling mediators. Behav Brain Res. 2023, 452, 114574. [Google Scholar] [CrossRef]

	



Huang, B.; Chau, S.W.H.; Liu, Y.; Chan, J.W.Y.; Wang, J.; Ma, S.L.; Zhang, J.; Chan, P.K.S.; Yeoh, Y.K.; Chen, Z.; et al. Gut microbiome dysbiosis across early Parkinson’s disease, REM sleep behavior disorder and their first-degree relatives. Nat. Commun. 2023, 14, 2501. [Google Scholar] [CrossRef]

	



Flor-Alemany, M.; Nestares, T.; Alemany-Arrebola, I.; Marín-Jiménez, N.; Borges-Cosic, M.; Aparicio, V.A. Influence of Dietary Habits and Mediterranean Diet Adherence on Sleep Quality during Pregnancy. The GESTAFIT Project. Nutrients 2020, 12, 3569. [Google Scholar] [CrossRef]

	



Isaura, E.R.; Chen, Y.-C.; Su, H.-Y.; Yang, S.-H. The Relationship between Food Security Status and Sleep Disturbance among Adults: A Cross-Sectional Study in an Indonesian Population. Nutrients 2020, 12, 3411. [Google Scholar] [CrossRef]

	



Li, Y.; Zhang, B.; Zhou, Y.; Wang, D.; Liu, X.; Li, L.; Wang, T.; Zhang, Y.; Jiang, M.; Tang, H.; et al. Gut Microbiota Changes and Their Relationship with Inflammation in Patients with Acute and Chronic Insomnia. Nat. Sci. Sleep 2020, 12, 895–905. [Google Scholar] [CrossRef]

	



Fetissov, S.O.; Hökfelt, T. On the origin of eating disorders: Altered signaling between gut microbiota, adaptive immunity and the brain melanocortin system regulating feeding behavior. Curr. Opin. Pharmacol. 2019, 48, 82–91. [Google Scholar] [CrossRef] [PubMed]

	



Fetissov, S.O.; Hamze Sinno, M.; Coquerel, Q.; Do Rego, J.C.; Coëffier, M.; Gilbert, D.; Hökfelt, T.; Déchelotte, P. Emerging role of autoantibodies against appetite-regulating neuropeptides in eating disorders. Nutrition 2008, 24, 854–859. [Google Scholar] [CrossRef]

	



Zeigler, Z. COVID-19 Self-quarantine and Weight Gain Risk Factors in Adults. Curr. Obes. Rep. 2021, 10, 423–433. [Google Scholar] [CrossRef] [PubMed]

	



Lotti, S.; Dinu, M.; Pagliai, G.; Giangrandi, I.; Colombini, B.; Sofi, F. Adherence to the Mediterranean diet increased during the COVID-19 lockdown in Italy: Results from the web-based Medi-Lite questionnaire. Int. J. Food Sci. Nutr. 2022, 73, 650–656. [Google Scholar] [CrossRef] [PubMed]

	



Barrea, L.; Pugliese, G.; Framondi, L.; Di Matteo, R.; Laudisio, D.; Savastano, S.; Colao, A.; Muscogiuri, G. Does SARS-CoV-2 threaten our dreams? Effect of quarantine on sleep quality and body mass index. J. Transl. Med. 2020, 18, 318. [Google Scholar] [CrossRef]

	



Bosi Bağcı, T.A.; Kanadıkırık, A.; Somyürek, E.; Gerçek, G.; Tanrıkulu, H.B.; Öntaş, E.; Uzun, S. Impact of COVID-19 on eating habits, sleeping behaviour and physical activity status of final-year medical students in Ankara, Turkey. Public Health Nutr. 2021, 24, 6369–6376. [Google Scholar] [CrossRef]

	



Grant, F.; Scalvedi, M.L.; Scognamiglio, U.; Turrini, A.; Rossi, L. Eating Habits during the COVID-19 Lockdown in Italy: The Nutritional and Lifestyle Side Effects of the Pandemic. Nutrients 2021, 13, 2279. [Google Scholar] [CrossRef]

	



Prete, M.; Luzzetti, A.; Augustin, L.; Porciello, G.; Montagnese, C.; Calabrese, I.; Ballarin, G.; Coluccia, S.; Patel, L.; Vitale, S.; et al. Changes in Lifestyle and Dietary Habits during COVID-19 Lockdown in Italy: Results of an Online Survey. Nutrients 2021, 13, 1923. [Google Scholar] [CrossRef]

	



Angelidi, A.M.; Kokkinos, A.; Katechaki, E.; Ros, E.; Mantzoros, C.S. Mediterranean diet as a nutritional approach for COVID-19. Metab. Clin. Exp. 2021, 114, 154407. [Google Scholar] [CrossRef]

	



Georgoulis, M.; Yiannakouris, N.; Tenta, R.; Fragopoulou, E.; Kechribari, I.; Lamprou, K.; Perraki, E.; Vagiakis, E.; Kontogianni, M.D. A weight-loss Mediterranean diet/lifestyle intervention ameliorates inflammation and oxidative stress in patients with obstructive sleep apnea: Results of the “MIMOSA” randomized clinical trial. Eur. J. Nutr. 2021, 60, 3799–3810. [Google Scholar] [CrossRef]

	



Gupta, C.C.; Irwin, C.; Vincent, G.E.; Khalesi, S. The Relationship Between Diet and Sleep in Older Adults: A Narrative Review. Curr. Nutr. Rep. 2021, 10, 166–178. [Google Scholar] [CrossRef] [PubMed]

	



Godos, J.; Grosso, G.; Castellano, S.; Galvano, F.; Caraci, F.; Ferri, R. Association between diet and sleep quality: A systematic review. Sleep Med. Rev. 2021, 57, 101430. [Google Scholar] [CrossRef] [PubMed]

	



Dibner, C.; Schibler, U.; Albrecht, U. The mammalian circadian timing system: Organization and coordination of central and peripheral clocks. Annu. Rev. Physiol. 2010, 72, 517–549. [Google Scholar] [CrossRef] [PubMed]

	



Olejniczak, I.; Pilorz, V.; Oster, H. Circle(s) of Life: The Circadian Clock from Birth to Death. Biology 2023, 12, 383. [Google Scholar] [CrossRef] [PubMed]

	



BaHammam, A.S.; Alghannam, A.F.; Aljaloud, K.S.; Aljuraiban, G.S.; AlMarzooqi, M.A.; Dobia, A.M.; Alothman, S.A.; Aljuhani, O.; Alfawaz, R.A. Joint consensus statement of the Saudi Public Health Authority on the recommended amount of physical activity, sedentary behavior, and sleep duration for healthy Saudis: Background, methodology, and discussion. Ann. Thorac. Med. 2021, 16, 225–238. [Google Scholar] [CrossRef] [PubMed]

	



BaHammam, A.S.; Pirzada, A. Timing Matters: The Interplay between Early Mealtime, Circadian Rhythms, Gene Expression, Circadian Hormones, and Metabolism-A Narrative Review. Clocks Sleep 2023, 5, 507–535. [Google Scholar] [CrossRef]

	



Skeer, M.R.; Yantsides, K.E.; Eliasziw, M.; Tracy, M.R.; Carlton-Smith, A.R.; Spirito, A. Sociodemographic characteristics associated with frequency and duration of eating family meals: A cross-sectional analysis. SpringerPlus 2016, 5, 2062. [Google Scholar] [CrossRef]

	



Yang, Y.; Li, S.X.; Zhang, Y.; Wang, F.; Jiang, D.J.; Wang, S.J.; Cao, P.; Gong, Q.H. Chronotype is associated with eating behaviors, physical activity and overweight in school-aged children. Nutr. J. 2023, 22, 50. [Google Scholar] [CrossRef]

	



Godos, J.; Castellano, S.; Ferri, R.; Caraci, F.; Lanza, G.; Scazzina, F.; Alanazi, A.M.; Marx, W.; Galvano, F.; Grosso, G. Mediterranean diet and chronotype: Data from Italian adults and systematic review of observational studies. Exp. Gerontol. 2023, 181, 112284. [Google Scholar] [CrossRef]








[image: Nutrients 15 04488 g001] 





Figure 1. Self-promoting loop between sleep dysregulation and eating behavior mediated by the orexinergic signaling. 
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Figure 2. NES and SRED, two distinct sleep-related eating disturbances. 
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Figure 3. Schematic representation of the relationship between central, peripheral clocks and health. 
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Figure 4. Schematic representation of (overlapping) factors involved in the development of sleep disorders and/or eating behavior disorders. 
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