Sleep and Breathing (2024) 28:61-68
https://doi.org/10.1007/s11325-023-02921-1

SLEEP BREATHING PHYSIOLOGY AND DISORDERS - REVIEW q

Check for
updates

Influence of nutrition and food on sleep—is there evidence?

Nikolaus C. Netzer'*3® . Kingman P. Strohl* - Stephan Pramsohler'

Received: 21 July 2023 / Revised: 4 September 2023 / Accepted: 6 September 2023 / Published online: 23 September 2023
© The Author(s) 2023

Abstract

Background The influence of sleep disorders on metabolism, especially concerning obesity and diabetes, as well as obesity
and obstructive sleep apnea, has been widely investigated. However, the effect of nutrition and the intake of certain foods on
sleep has only recently gained attention. In recent years, there have been publications on intake of certain foods and certain
diets regarding their influence on sleep, as well as activity of adipocytes and their effect on production of sleep hormones.
Methods Following PRISMA guidelines, we performed a PubMed search using the key words “sleep,” “sleep disorders,”
“nutrition,” “food,” and “food intake” published from 2012 to 2022. We excluded by consensus all articles with diets and
exercise programs or bariatric surgery for weight loss to treat sleep apnea, all articles on connections between sleep disorders
and metabolic disorders, and articles concerning the influence of drugs on neuroactive substances.

Results Of the 4155 publications revealed, 988 had nutrition, metabolism, and sleep as the primary topic of research. Of
these 988 publications, only 26 fulfilled the content requirements concerning the influence of certain food and diets on
sleep or sleep disorders, including the influence of the gastrointestinal system and adipocytes on sleep hormones. None of
the investigations revealed clear evidence of an effect of a certain diet or food on sleep. Epidemiologic surveys suggest that
shortened or fragmented sleep and chronotype in adults influence nutrition and fat metabolism. Additionally, there is evidence
that adipocyte signaling influences neuronal mediators and hormones of the sleep-wake cycle.

Conclusion There is no evidence of a direct influence of certain nutrition or food intake on sleep. Obesity via adipocyte
signaling may influence the sleep-wake cycle, though the molecular research on this topic is based on animal studies.

Keywords Sleep - Nutrition - Food - Sleep quality - Adipocyte signaling - Melatonin

Introduction

The comorbidity of obesity and obstructive sleep apnea
(OSA) has been a topic of sleep medicine research for the
past 50 years. This research was stimulated by the obser-
vations on patients with Pickwickian syndrome [1-3].
It was clear that nutrition leading to obesity can cause
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sleep-disordered breathing. Likewise, reducing obesity with
calorie-restricted diets may reduce severity of sleep apnea
and decrease its symptoms [4].

After the first description of OSA by Jung and Kuhlo
[5] and its classification by Guilleminault et al. [6], it was
clear that diabetes mellitus and OSA [7, 8] were associated.
Studies showed that treatment of OSA with CPAP improved
diabetes and blood sugar levels but it was never shown that
a sugar-free diet could prevent the development of OSA.

Early research investigated the influence of caffeine and
other methylxanthines on sleep structure, sleep quality, and
insomnia [9, 10]. This topic has been in vogue recently due
to the increasing consumption of taurine- and caffeine-con-
taining energy drinks in teenagers and adolescents. Energy
drink consumption is thought to be a reason for fragmented
and short sleep in school children and students [11, 12]. Caf-
feine is clearly a neuroactive substance but it is not regarded
as a food substance.
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Alcohol and its effects on the brain have been intensely
studied in humans and animals. Alcohol is initially tiring
and induces slow wave sleep when ethanol-enhanced gamma
amino butyric acid (GABA) binds with its receptors [13].
As GABA disconnects from receptors and activates and
deactivates monoamines, GABA has various effects on the
sleep-wake cycle [14]. The effects of alcohol on the brain
are similar for men and women [15].

There are substantial effects of highly neuroactive sub-
stances in drinks and medications such as marijuana, hops,
and magic mushrooms on sleep and wakefulness. However,
the effect of other foods and the effect of the amount of food
remain on sleep are unclear. A traditional saying is: “Have
breakfast like an emperor, eat lunch like a king, and dine like
a beggar,” meaning a large breakfast gives you strength for
the day’s work, a sufficient lunch gives you energy through
the afternoon but does not tire you, and a light dinner lets
you sleep well. The scientific evidence for this traditional life
advice should be examined. Therefore, this review aimed to
investigate the evidence that certain diets or amounts of food
influence sleep and wakefulness.

Methods

Following PRISMA guidelines, we performed a PubMed
search with the key words “sleep,” “sleep disorders,” “nutri-
tion,” and “food intake” published from 2012 to 2022. Stud-
ies that did not meet the content requirements regarding
the influence of a particular food, diets, or timing of eat-
ing on sleep, or the sleep-wake cycle were excluded. We
also excluded studies on the direct influence of alcohol or
caffeine-like substances in addition to diets for weight loss
to treat OSA.

99 ¢

Results

A total of 4155 publications were initially found, but only
988 had nutrition, metabolism, and sleep as the primary
topic of research. Of these 988 publications, 26 met the con-
tent requirements concerning the influence of certain foods
and diets on sleep or sleep disorders. We discuss the content
of these 26 studies (see Table 1) in this review.

Hormonal and neuronal influence of food on sleep
and circadian rhythm

According to molecular research, a key for nutritional influ-
ence on sleep, sleep quality, and sleep disorders lies in the
production of mediators in adipocytes. Both white and
brown fat may play a role in circadian rhythm. Contrary
to former beliefs that white and brown adipocytes remain

@ Springer

constant for a life span, it is now known that white fat may
become brown fat or intermediate beige fat and vice versa
[16]. Brown adipocytes are the most productive of exog-
enous agents. The best known agents secreted by adipocytes
are bioactive peptides, the adipokines including leptin, resis-
tin, vaspin, visfatin, hepcidin, adiponectin, and inflamma-
tory cytokines [16]. Many neuroactive peptides are also
produced. Machado and colleagues reviewed how active
brown adipocytes react to the thermogenesis of warming
and how thermogenesis and circadian rhythms are dependent
upon each other [16]. There is a bidirectional influence on
melatonin through uncoupling protein 1 (UCP1) expressed
from adipocyte membranes. Melatonin stimulates brown-
ing of adipocytes and production of UCP1. UCP1 mRNA
then stimulates melatonin expression and thereby stabilizes
and re-enforces circadian rhythm and sleep [17]. If there is
a disruption of melatonin stimulation for reasons such as
insufficient light or reduced sleep, the browning of white fat
is disrupted [18]. This may be one explanation on a molecu-
lar basis for weight gain associated with insufficient total
sleep time.

Other major players in circadian rhythm and sleep are
leptin and adiponectin. White fat and brown fat produce
both leptin and adiponectin. These metabolic hormones
have a direct influence in the clock nuclei involved in the
sleep-wake cycle [19, 20]. Leptin and adiponectin influence
the ventrolateral preoptic nuclei (VLPO), a major area for
sleep promotion [19]. Adiponectin administration increases
wakefulness during the rest phase, reduces delta power,
and activates wake-promoting neurons, such as those in the
locus coeruleus (LC), tuberomammillary nucleus (TMN),
and hypocretin/orexin neurons (OX) within the lateral hypo-
thalamus (LH) and perifornical area (PeF). Conversely, lep-
tin promotes REM and NREM sleep, including an increase
of delta power during NREM sleep. Leptin induces c-Fos
expression in VLPO and melanin concentrating hormone-
expressing neurons (MCH) [19].

Most of this neuronal and mediator research has been
performed in animals. It remains to be seen if these findings
can be substantiated in human physiology.

Influence of certain foods on adipocyte mediator
expression and on adipocyte browning or whitening

There are few nutritional substances that have a direct influ-
ence on brown adipocytes in animals and stimulate the pro-
duction of UCP1. Curcumin is found in the spices saffron,
thyme, and cinnamon as well as in quercetin contained in
onions. Other substances such as pepper and capsaicin may
work only in combination in the presence of other media-
tors. Research on these spices and chemicals is restricted to
knock out mice [21-23]. The application of these findings
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to humans remains speculative in view of the large doses of
chemicals used in this animal research.

No direct effect of certain food substances on sleep

The search for studies on the effect of particular nutritional
substances on sleep revealed only two serious publications.
The first is a meta-analysis of studies investigating effects
of increased protein intake on circadian rhythm and sleep.
This study concluded that there is no real effect of increased
protein intake on sleep [24]. The only effect in the major-
ity of studies is a subjective improvement of sleep quality
demonstrated subjectively by questionnaires.

In a survey of over 2000 people, subjects were asked
about their type of breakfast (Japanese style with rice,
algae, and proteins, Western style with mainly bread or
mainly cereal, and alternating Western and Japanese style)
and chronotype (morning person vs evening person). Results
showed that a Japanese style breakfast is strongly associated
with a morning active chronotype and the other breakfast
styles are more associated with evening chronotypes [25].
However, these results are based on subjective answers and
one may speculate that persons with a so-called healthy diet
and lifestyle consider themselves as morning type compared
to people with a less healthy diet and who describe them-
selves as active evening chronotypes. A direct influence on
sleep or sleep-wake cycle by food cannot be concluded from
these two reports.

A very recent meta-analysis of articles on food intake
analyzed 24 studies on this topic [26]. The meta-analysis
concluded that morning chronotype has a more healthy eat-
ing behavior than the evening type who eats more fat and
carbohydrate-containing food than the morning chronotype.
All the analyzed studies were based on subjective question-
naires. There have been no data derived from objective
measurement of sleep or activity via actigraphy.

Children and adolescent eating behaviors, late sleep
onset, and short sleep

There is a larger number of publications that correlate nutri-
tion in children, adolescents, and sleep parameters. These
studies present fairly uniform conclusions.

A review of 24 articles of sleep and nutrition in chil-
dren revealed that a majority of original studies associated
missing nutrients and a high amount of sugar in the diets of
obese children with insufficient total sleep time. A minority
of studies presented a link between obesity and food with
sleep parameters [27].

There has been an increase in the number of studies on
lifestyle and sleep behavior in adolescents recently. Late
consumption of carbohydrates was associated with shorter
sleep in Chinese adolescents though this association was

complicated by sleep restriction linked to depression and
other mental health problems in young people [28]. How-
ever, young Chinese athletes with a healthy lifestyle found
that a healthier diet gave them the best results in competi-
tion. The sleep of these athletes was less fragmented and
more stable with an overall higher sleep quality and less
signs of depressive mood [29]. A problem with these two
studies is the unclear use of questionnaires and the lack of
objective data collection (e.g., polysomnography, polygra-
phy, actigraphy) and the possible bias towards a push for a
so-called healthy diet.

In a sample of over 800 students, data collection was
based on validated questionnaires such as the Pittsburg Sleep
Quality Index (PSQI) [30]. There was a high odds ratio for
low sleep quality in the so-called unhealthy eaters (i.e., those
who ate more sweets and meat and less vegetables etc.).
However, a majority of young women volunteered for the
survey (67%) and they considered themselves to be healthy
eaters, leaving a small minority of unhealthy eaters as the
focus of the study. There were a number of issues that biased
the outcome of the investigation.

A large number of investigations [31-33] were based
upon epidemiologic studies in children, adolescents, and
young adults concerning sleep duration, time online. or
time on computer gaming and the consumption of fast food
or ultra-processed foods. A systematic review listed a total
of 61 such studies [34]. Almost all studies concluded that
there is a correlation of short sleep due to working late, gam-
ing into the night, increased consumption of ultra-processed
food, and a risk for obesity. However, none of these inves-
tigations showed direct disruption of sleep or shortening of
sleep by intake of ultra-processed food. A direct connection
between length of sleep and particular food intake has not
been established.

One study enrolled 850 students equally divided between
the genders and showed that morning chronotype tended to
increase BMI and change eating behavior [35]. However, the
study clearly showed that the questionnaire survey results
for sleep, chronotype, and eating behavior differ at different
time points in adolescents or young adults.

In another study [36], eating behavior and late sleep onset
time do not differ much between adolescents and adults.

The effect of parental education on changing consump-
tion in teenagers is moderate according to a recent review
of randomized controlled studies on lifestyle behavioral
change [37]. Parents were able to achieve a slight increase
in physical exercise, shortened screen time, earlier bedtime
with longer sleep time, and reduced junk food consumption.

Changing sleep patterns in nursing home residents
with dementia via food intake was described in a sur-
vey of nursing staff [38]. Nursing staff often encourages
demented residents to eat sufficiently during day time
and have only a snack for dinner in the belief that this

@ Springer
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keeps the residents asleep at night. If demented residents
nevertheless have a chaotic sleep-wake cycle and get up
at night, the nursing staff keeps them awake with coffee
or tea in addition to activities in order to get them tired.
While this seems a practical approach in elderly demented
patients, the authors concluded that the caffeine deliv-
ery negatively influences the sleep-wake cycle. There
has been no controlled trial to determine if certain food,
certain amounts of food, or certain meal times may help
persons with dementia to sleep at night.

Fat metabolism and sleep

In a randomized controlled trial [39] with 224 partici-
pants, 198 subjects were sleep restricted to 4 h time in bed
(TIB) and 27 controls subjects received 10 h TIB over a
period of 5 nights. With a control group of 10 subjects,
35 participants spent after two baseline nights ten nights
with restricted sleep (4 h) in two exposures of five nights
each. Daily calorie intake increased by an impressive 527
kcal per day in the sleep-restricted subjects versus control
subjects and sleep-restricted subjects gained an average
of 0.86 kg over the period. The study results strongly
suggested a connection between sleep restriction and
weight gain. A possible mechanism of this effect of sleep
restriction may be the influence of the sleep-wake cycle
on hormones affecting adipocytes.

Another study approached the issue of timing of food
intake [40] by measuring the influence of circadian
rhythm on hormone-sensitive lipase, a fat dissolving
enzyme. The results showed that the later that dinner was
eaten after 10:00 pm, the lower the effect of lipase. With
lipase most active around midnight, longer duration of
fasting at night was associated with higher fat mobiliza-
tion and fat burning. The findings suggest that the sleep-
wake cycle affects the role of fat dissolving enzymes on
metabolism.

Unfortunately there are no human studies that inves-
tigate how nutrition may influence sleep. A large trial in
mildly obese women who were followed for several weeks
found no influence of the MIND diet (Mediterranean-
DASH Intervention for Neurodegenerative Delay Diet)
on sleep quality assessed with the Pittsburgh Sleep Qual-
ity Index questionnaire [41]. The MIND diet combined
two forms of so-called healthy nutrition with low amounts
of both carbohydrates and saturated fat and increased
amounts of unsaturated fat and vegetables.

Other weight loss programs and diets have been unable
to show any influence on sleep parameters [42—48] though
there may be gender differences concerning success with
weight loss and the effects of behavioral changes on bed-
times and nutrition [43].

@ Springer

Conclusions

The question if certain food or nutrition can influence
sleep parameters and sleep quality remains unanswered.
Based upon the existing literature, there is no evidence
that certain types of food have a measurable effect on
sleep, either subjectively as assessed by validated ques-
tionnaires or objectively when measured via polysomnog-
raphy or wearable devices.

There is evidence that short or fragmented sleep, late
onset sleep with late dinners, and late chronotypes do
have an influence on metabolism. A possible mechanism
for these effects may be mediated by adipocyte-derived
hormones.

In summary, the effects of food and nutrition on the
human body, including sleep, are probably overestimated
because of the influence of autoregulation mechanisms
[49].

Funding Open access funding provided by University of Innsbruck and
Medical University of Innsbruck.

Data availability Data will be made available on reasonable request.

Declarations

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. (1974) Editorial: respiratory complications of obesity. Br Med J
2(5918):519-520. https://doi.org/10.1136/bm;j.2.5918.519 PMID:
4407282; PMCID: PMC1610920

2. Lodi A, Ravaglia G, Mantovani U, Cirignotta F (1974) Coccagna
G. Obesita' ed ipersonnia. Aspetti fisiopatologici e terapeutici
[Obesity and hypersomnia. Physiopathological and therapeutic
aspects]. Folia Endocrinol 27(1):77-84 Italian

3. Nevsimal O, Nevsimalova S (1973) Oourednik A. Poruchy spanku
a periodické dychani u obéznich osob [Sleep disorders and peri-
odic respiration in obese subjects]. Cesk Neurol 36(6):382-393
Czech


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmj.2.5918.519

Sleep and Breathing (2024) 28:61-68

67

10.

11.

12.

13.

15.

16.

17.

Carneiro-Barrera A, Amaro-Gahete FJ, Jurado-Fasoli L, Saez-
Roca G, Martin- Carrasco C, Tinahones FJ, Ruiz JR (2022) Effect
of a weight loss and lifestyle intervention on dietary behavior in
men with obstructive sleep apnea: the INTERAPNEA trial. Nutri-
ents. 14(13):2731. https://doi.org/10.3390/nu14132731 PMID:
35807913; PMCID: PM(C9268365

Jung R, Kuhlo W (1965) Neurophysiological studies of abnor-
mal night sleep and the Pickwickian syndrome. Prog Brain Res
18:140-159. https://doi.org/10.1016/s0079-6123(08)63590-6
Guilleminault C, Tilkian A, Dement WC (1976) The sleep apnea
syndromes. Annu Rev Med 27:465-484. https://doi.org/10.1146/
annurev.me.27.020176.002341

Brooks B, Cistulli PA, Borkman M, Ross G, McGhee S, Grun-
stein RR, Sullivan CE, Yue DK (1994) Obstructive sleep apnea in
obese noninsulin-dependent diabetic patients: effect of continuous
positive airway pressure treatment on insulin responsiveness. J
Clin Endocrinol Metab 79(6):1681-1685. https://doi.org/10.1210/
jecem.79.6.7989475

Mondini S, Guilleminault C (1985) Abnormal breathing patterns
during sleep in diabetes. Ann Neurol. 17(4):391-395. https://doi.
org/10.1002/ana.410170415

Onen SH, Onen F, Bailly D, Parquet P (1994) Prévention et traite-
ment des dyssomnies par une hygiéne du sommeil [Prevention and
treatment of sleep disorders through regulation of sleeping habits].
Presse Med 23(10):485-489 French

Leonard TK, Watson RR, Mohs ME (1987) The effects of
caffeine on various body systems: a review. J] Am Diet Assoc
87(8):1048-1053

Tomanic M, Paunovic K, Lackovic M, Djurdjevic K, Nestorovic
M, Jakovljevic A, Markovic M (2022) Energy drinks and sleep
among adolescents. Nutrients 14(18):3813. https://doi.org/10.
3390/nu14183813 PMID: 36145187; PMCID: PM(C9502542
Duthie CJ, Cameron C, Smith-Han K, Beckert L, Delpachitra
S, Garland SN, Sparks B, Wibowo E (2022) Sleep management
strategies among medical students at the University of Otago.
Behav Sleep Med 30:1-12. https://doi.org/10.1080/15402002.
2022.2127723 Epub ahead of print

Yukhananov RY, Tennild TM, Miroshnicenko TI, Kudrin VS,
Ushakov AN, Melnik EI, Michaleva II, Rayevsky KS, Airaksinen
MM, Maisky Al (1992) Ethanol and delta-sleep-inducing pep-
tide: effects on brain monoamines. Pharmacol Biochem Behav
43(3):683-687. https://doi.org/10.1016/0091-3057(92)90396-w

. Vorob'eva TM, Berchenko OG (1992) Vliianie samostimuliatsii

lateral'nogo gipotalamusa na tsikl son--bodrstvovanie u krys pri
alkogolizatsii [The effect of self-stimulation of the lateral hypo-
thalamus on the sleep-waking cycle in rats during alcoholization].
Zh Vyssh Nerv Deiat Im I P Pavlova 42(5):998-1008 Russian
Freeman LK, Miller MB, Simenson A, Sparrow E, Costa AN,
Musich M, McCrae CS, Curtis AF (2022) Sex differences in asso-
ciations between alcohol use and sleep in mid-to-late life. Sleep
Med 2(100):298-303. https://doi.org/10.1016/j.sleep.2022.08.016
Epub ahead of print

Machado SA, Pasquarelli-do-Nascimento G, da Silva DS, Farias
GR, de Oliveira SI, Baptista LB, Magalhaes KG (2022) Browning
of the white adipose tissue regulation: new insights into nutri-
tional and metabolic relevance in health and diseases. Nutr Metab
(Lond). 19(1):61. https://doi.org/10.1186/s12986-022-00694-0
PMID: 36068578; PMCID: PMC9446768

Agil A, Navarro-Alarcon M, Ali FAZ, Albrakati A, Salagre D,
Campoy C et al (2021) Melatonin enhances the mitochondrial
functionality of brown adipose tissue in obese-diabetic rats. Anti-
oxidants (Basel, Switzerland) 10(9):1482

. Halpern B, Mancini MC, Mendes C, MacHado CML, Prando S,

Sapienza MT et al (2020) Melatonin deficiency decreases brown
adipose tissue acute thermogenic capacity of in rats measured by
18F-FDG PET. Diabetol Metab Syndr 12(1):1-7

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Ramirez-Plascencia OD, Saderi N, Cardenas-Romero S, Garcia-
Garcia F, Pefia-Escudero C, Flores-Sandoval O, Azuara-Alvarez
L, Baez-Ruiz A, Salgado-Delgado R (2022) Leptin and adiponec-
tin regulate the activity of nuclei involved in sleep-wake cycle in
male rats. Front Neurosci. 22(16):907508. https://doi.org/10.3389/
fnins.2022.907508 PMID: 35937866; PMCID: PMC9355486
Wei Z, Chen Y, Upender RP (2022) Adipokines in sleep distur-
bance and metabolic dysfunction: insights from network analysis.
Clocks Sleep 4(3):321-331. https://doi.org/10.3390/clocksslee
p4030027 PMID: 35892989; PMCID: PM(C9326621

Choi JH, Kim SW, Yu R, Yun JW (2016) Monoterpene phenolic
compound thymol promotes browning of 3T3 - L1 adipocytes. Eur
J Nutr 56(7):2329-2341

Kang N, Mukherjee S, Yun J (2019) Trans-cinnamic acid stimu-
lates white fat browning. Nutrients 11(3):577

Lee SG, Parks JS, Kang HW (2017) Quercetin, a functional
compound of onion peel, remodels white adipocytes to brown-
like adipocytes. J Nutr Biochem 2016(46):62-71

Wirth J, Hillesheim E, Brennan L (2022) Protein intake and its
effect on sleep outcomes: a systematic review and meta-analysis
of randomized controlled trials. Nutr Rev:nuac061. https://doi.
org/10.1093/nutrit/nuac061 Epub ahead of print

Roshanmehr F, Tahara Y, Makino S, Tada A, Abe N, Michie
M, Shibata S (2022) Association of Japanese breakfast intake
with macro- and micronutrients and morning chronotype. Nutri-
ents. 14(17):3496. https://doi.org/10.3390/nu14173496 PMID:
36079754; PMCID: PMC9458211

van der Merwe C, Miinch M, Kruger R (2022) Chronotype dif-
ferences in body composition, dietary intake and eating behav-
ior outcomes - a scoping systematic review. Adv Nutr:nmac093.
https://doi.org/10.1093/advances/nmac093 Epub ahead of print
Hermes FN, Nunes EEM, Melo CM (2022) Sleep, nutritional
status and eating behavior in children: a review study. Rev Paul
Pediatr 9(40):¢2020479. https://doi.org/10.1590/1984-0462/
2022/40/2020479IN PMID: 36102411; PMCID: PMC9462407
Li X, Sun M, Yao N, LiuJ, Wang L, Hu W, Yang Y, Guo R, Li
B, Liu Y (2022) Association between patterns of eating habits
and mental health problems in Chinese adolescents: a latent
class analysis. Front Nutr. 5(9):906883. https://doi.org/10.3389/
fnut.2022.906883 PMID: 35990360; PMCID: PMC9391054
Zhou H, Zhang Y, Han X, Dai X, Lou L, Hou X, Zhou C, Liu
Z, Zhang W (2022) Athlete students lead a healthier life than
their non-athlete peers: a cross-sectional study of health behav-
iors, depression, and perceived health status among university
students. Front Psychol 4(13):923667. https://doi.org/10.3389/
fpsyg.2022.923667 PMID: 35992447; PMCID: PMC9386144
Ramoén-Arbués E, Granada-Lépez JM, Martinez-Abadia B,
Echaniz-Serrano E, Anton-Solanas I, Jerue BA (2022) The asso-
ciation between diet and sleep quality among Spanish university
students. Nutrients. 14(16):3291. https://doi.org/10.3390/nul41
63291 PMID: 36014796; PMCID: PMC9415359

Mattar JB, Domingos ALG, Hermsdorff HHM, Juvanhol LL, de
Oliveira FLP, Pimenta AM, Bressan J (2022) Ultra-processed
food consumption and dietary, lifestyle and social determinants:
a path analysis in Brazilian graduates (CUME Project). Pub-
lic Health Nutr. 23:1-20. https://doi.org/10.1017/S136898002
2002087 Epub ahead of print

Zarpellon RSM, Vilela DRM, Louzada FM, Radominski DRB,
Crippa DACS (2022) Association of food intake with sleep
disorders in children and adolescents with obesity. Sleep Med
X 23(4):100053. https://doi.org/10.1016/j.sleepx.2022.100053
PMID: 36072436; PMCID: PMC9442327

Duraccio KM, Whitacre C, Krietsch KN, Zhang N, Summer S,
Price M, Saelens BE, Beebe DW (2022) Losing sleep by staying
up late leads adolescents to consume more carbohydrates and a

@ Springer


https://doi.org/10.3390/nu14132731
https://doi.org/10.1016/s0079-6123(08)63590-6
https://doi.org/10.1146/annurev.me.27.020176.002341
https://doi.org/10.1146/annurev.me.27.020176.002341
https://doi.org/10.1210/jcem.79.6.7989475
https://doi.org/10.1210/jcem.79.6.7989475
https://doi.org/10.1002/ana.410170415
https://doi.org/10.1002/ana.410170415
https://doi.org/10.3390/nu14183813
https://doi.org/10.3390/nu14183813
https://doi.org/10.1080/15402002.2022.2127723
https://doi.org/10.1080/15402002.2022.2127723
https://doi.org/10.1016/0091-3057(92)90396-w
https://doi.org/10.1016/j.sleep.2022.08.016
https://doi.org/10.1186/s12986-022-00694-0
https://doi.org/10.3389/fnins.2022.907508
https://doi.org/10.3389/fnins.2022.907508
https://doi.org/10.3390/clockssleep4030027
https://doi.org/10.3390/clockssleep4030027
https://doi.org/10.1093/nutrit/nuac061
https://doi.org/10.1093/nutrit/nuac061
https://doi.org/10.3390/nu14173496
https://doi.org/10.1093/advances/nmac093
https://doi.org/10.1590/1984-0462/2022/40/2020479IN
https://doi.org/10.1590/1984-0462/2022/40/2020479IN
https://doi.org/10.3389/fnut.2022.906883
https://doi.org/10.3389/fnut.2022.906883
https://doi.org/10.3389/fpsyg.2022.923667
https://doi.org/10.3389/fpsyg.2022.923667
https://doi.org/10.3390/nu14163291
https://doi.org/10.3390/nu14163291
https://doi.org/10.1017/S1368980022002087
https://doi.org/10.1017/S1368980022002087
https://doi.org/10.1016/j.sleepx.2022.100053

68

Sleep and Breathing (2024) 28:61-68

34.

35.

36.

37.

38.

39.

40.

41.

higher glycemic load. Sleep 45(3):zsab269. https://doi.org/10.
1093/sleep/zsab269 PMID: 34919707; PMCID: PMC8919201
Doan N, Parker A, Rosati K, van Beers E, Ferro MA (2022)
Sleep duration and eating behaviours among adolescents:
a scoping review. Health Promot Chronic Dis Prev Can
42(9):384-397. English, French. https://doi.org/10.24095/
hpcdp.42.9.02

Arslan M, Ayhan NY, Colak H, Sariyer ET, Cevik E (2022) The
effect of chronotype on addictive eating behavior and bmi among
university students: a cross-sectional study. Nutrients 14(14):2907.
https://doi.org/10.3390/nu14142907 PMID: 35889864; PMCID:
PM(C9321033

Rosi A, Lotti S, Vitale M, Pagliai G, Madarena MP, Bonaccio
M, Esposito S, Ferraris C, Guglielmetti M, Angelino D, Martini
D, Dinu M (2022) Association between chronotype, sleep pat-
tern, and eating behaviours in a group of Italian adults. Int J Food
Sci Nutr. 1:1-8. https://doi.org/10.1080/09637486.2022.2105826
Epub ahead of print

Champion KE, Gardner LA, McCann K, Hunter E, Parmenter
B, Aitken T, Chapman C, Spring B, Thornton L, Slade T, Tees-
son M, Newton NC (2022) Parent-based interventions to improve
multiple lifestyle risk behaviors among adolescents: a systematic
review and meta-analysis. Prev Med 6(164):107247. https://doi.
org/10.1016/j.ypmed.2022.107247 Epub ahead of print

Webster L, Costafreda SG, Powell K, Livingston G (2022) How
do care home staff use non-pharmacological strategies to manage
sleep disturbances in residents with dementia: the SIESTA quali-
tative study. PLoS One 17(8):¢0272814. https://doi.org/10.1371/
journal.pone.0272814 PMID: 35944055; PMCID: PM(C9362920
Spaeth AM, Goel N, Dinges DF (2020) Caloric and macronutri-
ent intake and meal timing responses to repeated sleep restric-
tion exposures separated by varying intervening recovery nights
in healthy adults. Nutrients 12(9):2694. https://doi.org/10.3390/
nul12092694 PMID: 32899289; PMCID: PMC7550992
Arredondo-Amador M, Zambrano C, Kulyté A, Lujan J, Hu
K, Sanchez de Medina F, Scheer FAJL, Arner P, Ryden M,
Martinez-Augustin O, Garaulet M (2020) Circadian rhythms in
hormone-sensitive lipase in human adipose tissue: relationship
to meal timing and fasting duration. J Clin Endocrinol Metab
105(12):e4407—-e4416. https://doi.org/10.1210/clinem/dgaa492
PMID: 32725188; PMCID: PMC7538104

Seifollahi A, Sardari L, Yarizadeh H, Mirzababaei A, Shiraseb
F, Clark CC, Mirzaei K (2022) Associations between adherence
to the MIND diet and prevalence of psychological disorders, and
sleep disorders severity among obese and overweight women: a
cross-sectional study. Nutr Health 21:2601060221127461. https://
doi.org/10.1177/02601060221127461 Epub ahead of print

@ Springer

43.

44,

45.

46.

47.

48.

49.

. Eck KM, Quick V, Byrd-Bredbenner C (2022) Body dissatisfac-

tion, eating styles, weight-related behaviors, and health among
young women in the United States. Nutrients. 14(18):3876.
https://doi.org/10.3390/nu14183876 PMID: 36145252; PMCID:
PMC9505776

Chai Y, Qu C, Mao Z, Wang C, Yu S (2022) Sex differences in
the association between dinner-bedtime interval and abdominal
obesity: a large-scale cross-sectional study. Eat Weight Disord.
https://doi.org/10.1007/340519-022-01484-6 Epub ahead of print
Liu Y, Tabung FK, Stampfer MJ, Redline S, Huang T (2022)
Overall diet quality and proinflammatory diet in relation to risk
of obstructive sleep apnea in three prospective US cohorts. Am J
Clin Nutr 16:nqac257. https://doi.org/10.1093/ajcn/nqac257 Epub
ahead of print

Jamshed H, Steger FL, Bryan DR, Richman JS, Warriner AH,
Hanick CJ, Martin CK, Salvy SJ, Peterson CM (2022) Effec-
tiveness of early time-restricted eating for weight loss, fat loss,
and cardiometabolic health in adults with obesity: a randomized
clinical trial. JAMA Intern Med 182(9):953-962. https://doi.org/
10.1001/jamainternmed.2022.3050 PMID: 35939311; PMCID:
PMC9361187

Franklin KA, Lindberg E, Svensson J, Larsson C, Lindahl B,
Mellberg C, Sahlin C, Olsson T, Ryberg M (2022) Effects of a
palaeolithic diet on obstructive sleep apnoea occurring in females
who are overweight after menopause-a randomised controlled
trial. Int J Obes (Lond) 46(10):1833-1839. https://doi.org/10.
1038/541366-022-01182-4 Epub 2022 Jul 25. PMID: 35879528;
PMCID: PM(C9492533

Cao Y, Wittert G, Taylor AW, Adams R, Appleton S, Shi Z (2017)
Nutrient patterns and chronic inflammation in a cohort of com-
munity dwelling middle-aged men. Clin Nutr 36(4):1040-1047.
https://doi.org/10.1016/j.clnu.2016.06.018 Epub 2016 Jul 1
Alzoubi MR, Aldomi A-DH (2017) Could omega-3 fatty acids a
therapeutic treatment of the immune-metabolic consequence of
intermittent hypoxia in obstructive sleep apnea? Diabetes Metab
Syndr 11(4):297-304. https://doi.org/10.1016/j.dsx.2016.06.024
Epub 2016 Jun 23

Spector T (2020) SPOON FED. Penguin-Random House Publish-
ers, London ISBN: 9781529112733

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1093/sleep/zsab269
https://doi.org/10.1093/sleep/zsab269
https://doi.org/10.24095/hpcdp.42.9.02
https://doi.org/10.24095/hpcdp.42.9.02
https://doi.org/10.3390/nu14142907
https://doi.org/10.1080/09637486.2022.2105826
https://doi.org/10.1016/j.ypmed.2022.107247
https://doi.org/10.1016/j.ypmed.2022.107247
https://doi.org/10.1371/journal.pone.0272814
https://doi.org/10.1371/journal.pone.0272814
https://doi.org/10.3390/nu12092694
https://doi.org/10.3390/nu12092694
https://doi.org/10.1210/clinem/dgaa492
https://doi.org/10.1177/02601060221127461
https://doi.org/10.1177/02601060221127461
https://doi.org/10.3390/nu14183876
https://doi.org/10.1007/s40519-022-01484-6
https://doi.org/10.1093/ajcn/nqac257
https://doi.org/10.1001/jamainternmed.2022.3050
https://doi.org/10.1001/jamainternmed.2022.3050
https://doi.org/10.1038/s41366-022-01182-4
https://doi.org/10.1038/s41366-022-01182-4
https://doi.org/10.1016/j.clnu.2016.06.018
https://doi.org/10.1016/j.dsx.2016.06.024

	Influence of nutrition and food on sleep—is there evidence?
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Hormonal and neuronal influence of food on sleep and circadian rhythm
	Influence of certain foods on adipocyte mediator expression and on adipocyte browning or whitening
	No direct effect of certain food substances on sleep
	Children and adolescent eating behaviors, late sleep onset, and short sleep
	Fat metabolism and sleep

	Conclusions
	References


