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SUMMARY

Dietary habits are considered a leading behavioral risk factor for human health. There is growing sci-
entific evidence suggesting that diet and sleep may be related. The aim of this study was to review the
evidence of association between diet and sleep quality. A systematic search in electronic databases
PubMed, Embase, Scopus, and the Cochrane Central Register of Controlled Trials was conducted from
their inception to November 2019. Studies investigating parameters of diet quality (including dietary
patterns or individual healthy/unhealthy foods) and sleep quality (assessed through self-reported or
objective methods) were included. The NIH Quality Assessment Tools were used to evaluate the study
quality. Twenty-nine studies were reviewed: in summary, consumption of healthy foods was associated
with better sleep quality, while higher intake of processed and free-sugar rich foods was associated with
worse sleep features. Despite a certain consistency between studies have been observed, the overall
poor-to-fair quality of study design (mostly represented by cross-sectional investigations) does not allow
to conclude a causal relation. However, diet-related variables are associated with sleep quality, but
further studies are needed to corroborate this finding.

Systematic review
Evidence

© 2021 Elsevier Ltd. All rights reserved.

Introduction

There is convincing evidence that sleep quantity and quality
affect human health: inadequate sleep duration and quality has
been associated with increased risk of cancer [1], cardiovascular
outcomes [2], diabetes [3] and all-cause mortality [4]. Moreover,
long-term changes in sleep quality and architecture have been
related to cognitive impairment, including dementias and Alz-
heimer's disease [5]. Within the context of behavioral factors
affecting human health, the interrelation between sleep and diet
has been hypothesized about 30 years ago: habitual sleep duration
has been generally associated with higher calorie intake and either
absolute or relative intake of nutrients or foods [6,7]. Among the
potential mechanisms proposed to explain the impact of sleep on
dietary intake, extended hours of wakefulness may favour the
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opportunity to increase eating frequency (i.e., unhealthy snacking),
alter the time of intake (i.e., late evening or night feeding) [8], while
physiologically sleep deprivation has been demonstrated to affect
appetite- (i.e.,, leptin and ghrelin) and metabolic-related (i.e.,
cortisol, insulin sensitivity and growth hormones) hormonal ho-
meostasis [9,10]. These hypotheses would also provide the ratio-
nale explaining the relation between sleep duration and higher
obesity rates [11]. Besides its influence on metabolic disorders
through increased risk of obesity, some recent research focused on
the role of sleep toward diet quality, showing a general association
between short sleep duration and lower diet quality as well as
irregular eating behaviors [12]. When considering dietary patterns,
individuals sleeping less hours have been reported to follow a diet
of lower quality [13,14].

In addition to the aforementioned mechanisms, an intriguing
hypothesis includes the possibility of an opposite relation between
diet and sleep quality. Some recent overviews of the scientific
literature provided interesting insights on the potential association
between diet and sleep [15,16]. As recently pointed out [17], despite
increasing evidence linking diet to sleep quality and sleep features,
previous studies have inconsistently included diet in the analysis of
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Abbreviations

5-HT 5-hydroxytryptamine

AHEI Alternative Healthy Eating Index
CHDI Chinese Healthy Diet Index

CRP C-reactive protein

DADOS  Deporte ADOlescencia y Salud

DASH Dietary Approach to Stop Hypertension
DHA docosahexaenoic acid

DIl Dietary Inflammatory Index

DTAC Dietary Total Antioxidant Capacity
PGE2 prostaglandin E2

EPA eicosapentaenoic acid

FFQ food frequency questionnaire

GABA gamma-aminobutyric acid

Gl glycaemic index

ISCOLE International Study of Childhood Obesity, Lifestyle
and the Environment

ISI Insomnia Severity Index

KYRBS Korea Youth Risk Behavior Web-based Survey

LPS lipopolysaccharides

MAILES  Men Androgen Inflammation Lifestyle Environment
and Stress

MEAL Mediterranean healthy Eating, Aging and Lifestyle

NF-«B nuclear factor kappa-light-chain-enhancer of
activated B cells

ORAC oxygen radical absorbance capacity

PSPSI Paediatric Sleep Problem Survey Instrument

PSQI Pittsburgh Sleep Questionnaire Index

SCFAs short chain fatty acids

ULSAM  Uppsala Longitudinal Study of Adult Men

the relation between sleep and human health. As diet is an
important determinant of health itself, it is crucial to assess to what
extent the relation between diet and sleep may be a confounder or
a mediating factor for their effects on health. Several mechanisms
have been associated with the sleep—wake cycle, including i)
neuroendocrine regulation through neurotransmitters, such as se-
rotonin (5-hydroxytryptamine, 5-HT), gamma-aminobutyric acid
(GABA), orexin, melanin-concentrating hormone, acetylcholine,
galanin, noradrenaline, and histamine (for instance, following
modification of circadian rhythm) [18], and ii) neuroinflammatory
processes that alter the normal functionality of the brain and in-
crease the risk of developing neurodegenerative disorders [19].
Consequently, nutritional and dietary aspects that influence or
modulate the aforementioned mechanisms may have downstream
effects on sleep.

Up to date, two systematic summaries of evidence from obser-
vational and intervention studies investigating the potential role of
dietary macronutrient composition specifically on sleep duration
showed inconclusive results suggesting that the dietary macronu-
trient profile alone may not play a strong role on sleep [20,21].
Another systematic review focused on the potential bidirectional
association between sleep and dietary intake in 0—5 year old
children [22]. However, no systematic summary of evidence
investigating the relation between diet-related variables as expo-
sure and sleep quality features as outcome has been conducted so
far. Therefore, the aim of this study was to systematically review
the existing evidence of association between diet and sleep quality
in school-age children, adolescents and adults.

Methods

The design, analysis, and reporting of this study followed the
PRISMA checklist (Table S1).

Study selection

A literature search in PubMed, Embase, Scopus, and the
Cochrane Central Register of Controlled Trials was conducted from
inception to November 2019. The following search strategy was
used for PUBMED and adapted to the other databases: (((diet OR
dietary OR nutrition OR dietary patterns OR food OR nutritional))
AND (sleep OR sleep quality)) AND (observational OR prospective
OR longitudinal OR cohort OR cross-sectional OR nested OR inter-
vention OR trial OR clinical study) restricted to humans only. No
restriction on study design was applied, thus we considered for

inclusion all studies conducted on humans with cross-sectional,
prospective, or clinical intervention design. In order not to over-
lap with existing reviews and to provide an original research
question, we focused our search on studies investigating quality
features of the diet (i.e., dietary patterns/regimens or consumption
of healthy/unhealthy foods) rather than providing quantitative
approaches; thus, studies investigating/comparing total energy
intake or macronutrient ratios were not included in this systematic
review. Inclusion criterion was also the presence of a quantitative or
qualitative assessment of sleep quality parameters assessed either
with polysomnography or questionnaire tools; studies conducted
solely on sleep duration were not considered. Other exclusion
criteria were the following: studies conducted in infants and tod-
dlers (<3 years old); studies conducted in subgroup populations of
patients with pre-existing chronic conditions; and studies with
multiple intervention procedures (i.e., dietary advices plus physical
activity) or no clear definition of the dietary intervention. Reference
lists of studies retrieved were also analysed in order to retrieve
additional pertinent studies fulfilling the above criteria. Two in-
dependent reviewers (JG and GG) performed the electronic search
and evaluated the studies for inclusion/exclusion; discordance on
eligibility was discussed and solved with agreement between
reviewers.

Data extraction

Data were abstracted from each identified study by using a
standardized extraction form. The following information was
collected: 1) first author name; 2) year of publication; 3) study
cohort name; 4) country; 5) number of participants; 6) sex of
participants; 7) age range or mean of the study population at
baseline; 8) dietary exposure; 9) sleep quality assessment; and 10)
main results.

Quality assessment

The overall study quality was scored by means of the “NIH
Quality Assessment Tool for Observational Cohort and Cross-
Sectional Studies” and the “NIH Quality Assessment Tool for
Controlled Intervention Studies” (https://www.nhlbi.nih.gov/
health-topics/study-quality-assessment-tools). These tools allow
the rater to assign a three-level quality score (“good”, “fair”, or
“poor”), based on the consideration of 14 items. The tool for
observational studies evaluates the following: research question,
study population (2 items), groups recruited from the same
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population and uniform eligibility criteria, sample size justification,
exposure assessed prior to outcome measurement, sufficient
timeframe to see an effect, different levels of the exposure of in-
terest, exposure measures and assessment, repeated exposure
assessment, outcome measures, blinding of outcome assessors,
follow-up rate, and statistical analyses. The tool for controlled
intervention studies evaluates the following: described as ran-
domized, treatment allocation (2 items), blinding (2 items), simi-
larity of groups at baseline, dropouts (2 items), adherence,
avoidance of other interventions, outcome measures assessment,
power calculation, pre-specified outcomes, and intention-to-treat
analysis.

Results
Studies description

A total of 1703 studies have been identified through the search
strategy (Fig. 1). Out of these, after examination of title (n = 1459)

and abstracts (n = 193) and full-texts (n = 22), 29 studies have been
finally included for the review. The main characteristics and quality

Potential articles identified through
database search (n = 1703)
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results for the studies included are presented in Table 1. A total of 25
studies had an observational design (only one with prospective
design) and four were clinical intervention trials. Four studies were
conducted in US, eight in Europe, one in South America, four in
Middle-East countries, six in Eastern Asian countries, five in
Australia, and one multinational. Diet-related variables explored in
the studies included quality features through investigation of in-
dividual food groups (n = 9), dietary patterns (n = 18), and car-
bohydrate quality (high glycaemic index diets) (n = 2). The majority
of the studies investigated sleep quality through administration of
the Pittsburgh Sleep Questionnaire Index (PSQI) (n = 11) or other
validated instruments taking into account various features related
to sleep (n = 4); other studies explored clinical features related to
sleep quality, such as actigraphy or polysomnography (n = 9);
finally, seven studies assessed subjective evaluation of sleep quality
through self-evaluation. Based on the NIH Quality Assessment
Tools, half of the studies achieved a “fair” quality, while the other
half scored “poor” quality and only one study had good description
of methodology, outcomes report and discussion: most of the
studies had proper description of methods and selection of the
study population, while the main limitation was lack of prospective

Articles screened based on abstract
(n=244)

Articles excluded based on titles
(n=1459)

Articles obtained for full-text
evaluation (n =51)

Articles excluded based on abstract
(n=193)

Articles included in the systematic
review (n =29)

Articles not meeting inclusion criteria
(n=22)

Fig. 1. Study selection process.



Table 1

Main characteristics of observational and intervention studies included in the systematic review.

Authors, reference number

Cohort name, country

Sample
size

Mean age
or range,
gender

Dietary exposure or
intervention

Sleep quality assessment

Main results

NIH quality score

Observational studies
Abshirini et al., 2018 [46]

Adelantado-Renau et al.,
2019 [42]
Campanini et al., 2017 [38]

Cao et al., 2017 [30]

Cao et al., 2017 [47]

Castro-Diehl et al., 2018

[41]

Chaput et al., 2018 [27]

Faris et al.,, 2017 [23]

Gianfredi et al., 2018 [33]

Godos et al., 2019 [43]

Godos et al., 2019 [44]

Hong and Peltzer 2017 [31]

Jaussent et al., 2011 [40]

Katagiri et al., 2014 [32]

Kong et al., 2018 [28]

NR, Iran

DADOS, Spain
Seniors-ENRICA, Spain
Jiangsu Nutrition Study,
China

MAILES, Australia
Multi-Ethnic Study of
Atherosclerosis, USA

ISCOLE, Multinational

NR, UAE

insomnia, Italy

MEAL, Italy

MEAL, Italy

KYRBS, Korea

NR, France

Three-generation Study of
Women on Diets and
Health survey, Japan

Ningbo Adult Chronic
Diseases and Risk Factors,
China

400

269

1500

1492

784

2068

5873

919

117

1936

1936

65,212

5886

3129

5160

about 56 y, F

13.9 + 03y, MF

>60 y, MF

>20y, MF

35-80y, M

45-84 y, MF

9-11y, MF

17-25 y, MF

20-43 y, MF

>18 y, MF

>18 y, MF

15.1 + 0.02 y, MF

>65y, MF

34-65y, F

17-74 y, MF

Dietary total antioxidant
capacity

Mediterranean diet

Mediterranean diet

Dietary soy isoflavone

Dietary patterns

Mediterranean diet

Sugar-sweetened
beverages

Energy drink consumption

Mediterranean diet

Mediterranean diet

Dietary Inflammatory Index

Diet quality

Mediterranean diet

Eating habits

Dietary behaviours

Self-report questionnaire

PSQI, Spanish version,
actigraphy
Self-report questionnaire

Self-report questionnaire

PSG and self-reported

symptoms

Actigraphy

Actigraphy

Online questionnaire (PSQI
adapted)

Sleep and Daytime Habits
Questionnaire

PSQI

PSQI

Online single question

Self-report questionnaire

PSQI (Japanese version)

PSQI, Chinese version

Inverse relation between the dietary total
antioxidant capacity and occurrence of sleep
problems together with other related somatic
and psychological symptoms, such as hot
flushes and sweating, anxiety, and exhaustion.
Positive correlation between adherence to the
Mediterranean diet and sleep quality.
Mediterranean dietary pattern associated with
lower risk of variation in sleep duration (>2 h)
and of poor sleep quality.

Persistent high intake of isoflavone associated
with a reduced risk of daytime falling asleep in
women, but not men.

High intake of vegetables, fruits, and legumes
inversely associated with sleep onset, no other
associations found.

Moderate-high adherence to Mediterranean
diet more likely to sleep 6—7 vs. <6 h/night and
less likely to report insomnia symptoms.
Sugar-sweetened beverages associated with
lower sleep duration, while earlier bedtime
with lower intake of regular soft drinks and
higher intake of energy drinks and sports
drinks.

41% consuming energy drinks with significant
relationship between consumption and sleep
quality/patterns.

Frequent consumption of meat, fish, coffee
associated with higher odds of various sleep
disorders; conversely, frequent consumption of
pasta and whole-grain bread inversely
associated.

Increase of 1-point of the Mediterranean diet
adherence score associated with 10% higher
likelihood of having adequate sleep quality.
Higher adherence to a pro-inflammatory diet
associated with worse sleep quality and longer
sleep latency.

Healthy dietary behaviours linked to higher
sleep satisfaction; unhealthy dietary behaviours
inversely associated with sleep satisfaction.
Higher adherence to the Mediterranean diet
inversely associated with insomnia symptoms,
only in women but not in men.

Low intake of vegetables and fish, high intake of
confectionary, noodles and carbohydrate,
consumption of energy drinks and sugar-
sweetened beverages, skipping breakfast, and
eating irregularly associated with poor sleep
quality.

Soy sauce and alcohol positively associated with
poor sleep quality; dark fruits and water
positively associated with good sleep quality.

Fair

Poor

Good

Fair

Fair

Fair

Fair

Poor

Poor

Fair

Fair

Fair

Poor

Poor

Poor
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Lopes et al., 2019 [45]

Mamalaki et al., 2018 [39]

Marmorstein et al., 2017
[24]

Morrissey et al., 2019 [25]

Nisar et al., 2019 [29]

Reid et al., 2019 [35]

Rostami et al., 2019 [37]

van Egmond et al., 2019
[36]

Watson et al., 2018 [26]

Wu et al,, 2019 [34]

Intervention studies
Afaghi et al., 2007 [48]

Hansen et al., 2014 [50]
Jalilolghadr et al., 2011 [49]

Saito et al,, 2017 [51]

NR, Brazil

HELIAD, Greece

Camden Youth
Development Study, USA

GSC and GV study, Australia

NR, Pakistan

Multi-Ethnic Study of
Atherosclerosis, USA

NR, Iran

ULSAM Study, Sweden

NR, Australia
Chinese Urban Adults Diet

and Health Study, China

NA, Australia

NA, USA
NA, Australia

NA, Japan

296

1639

127

2253

440

1813

488

970

287

1548

12

95

120

18-60 y, MF

72.7 + 5.7y, MF

132+ 0.8y, MF

9-12 y, MF

18-24 y, MF

68.3 + 9,1y, MF

12-18y, F

711y, M

8-12'y, MF

18-75 y, MF

18-35y,M

21-60 y, M
8-12y, MF

20-84 y, MF

Dietary Inflammatory Index

Mediterranean diet

Energy drink consumption

Different foods
consumption
Different foods

consumption

Diet quality (AHEI-10)

DASH diet

Healthy Diet Indicator and
Mediterranean diet

Sugar consumption

Diet quality (Chinese
Healthy Diet Index)

High/low GI meal

Fish (Atlantic salmon)
High/lowGlI drink
Zinc-rich oysters/zinc

yeast- or astaxanthin-
enriched food

ESS, PSQI, Chalder Scale,
PSG

Sleep Scale from the
Medical Outcomes Study

Ad-hoc questionnaire (PSQI
adapted)

Self-report questionnaire

PSQI

Type 2 in—home PSG

IS, Iranian version

Self-report questionnaire

PSPSI

PSQI

PSG

Actigraphy and self-
reported sleep quality
PSG

Actigraphy and PSQI

DII scores associated with apnea severity,
daytime sleepiness, and rapid eye movement
latency in obese individuals.

Seep quality, but not sleep duration, associated
with higher adherence to the Mediterranean
diet, only among individuals aged <75 years.
Energy drink interacting with initial insomnia
and daytime fatigue, no association for coffee
and soda.

Sugar-sweetened beverage consumption were
shown to increase the likelihood of having more
than three sleep problems.

Soybeans, whole grains, processed meats, leafy
greens, dark chocolate, spices, dairy products,
products high in fat and sugar, lima beans, and
carbohydrates associated with sleep quality.
Moderate-to-severe obstructive sleep apnea
associated with lower intake of whole grains,
higher intake of red/processed meat, and poor
diet quality.

High adherence to a DASH-style diet associated
with lower odds of insomnia.

No associations between dietary scores and
sleep parameters. Low consumption of milk and
dairy products (one of the dietary features of
the MD) associated with better subjective sleep
initiation.

Total sugar consumption not associated with
sleep or behavioural domains nor predicting of
sleep behaviour problems.

Better diet quality (food diversity, higher intake
of fruits and fish/seafood, lower eggs
consumption, and higher total energy intake),
significantly associated with lower risk of poor
sleep quality.

Reduced sleep latency in high GI compared with
a low GI meal consumed 4 h before bedtime, as
well as the same high GI given 1 h before
bedtime.

Fish group reported better sleep latency than
the meat group.

Greater total and NREM arousal index in the
first half of night after high GI drink.

Zinc-rich food efficiently decreased the time
necessary to fall asleep and improved sleep
efficiency, whereas zinc-enriched yeast food
and astaxanthin oil significantly improved the
sleep onset latency.

Poor

Fair

Poor

Fair

Poor

Fair

Poor

Poor

Poor

Fair

Good

Fair

Fair

Good

Abbreviations: AHEI-10 (Alternative Healthy Eating Index-2010); DADOS (Deporte, ADOlescencia y Salud study); DASH (Dietary Approaches to Stop Hypertension); DII (Dietary Inflammatory Index); ESS (Epworth Sleepiness
Scale); F (female); GI (glycaemic index); GSC (Great South Coast Childhood Obesity Monitoring Study); GV (Goulburn Valley Health Behaviours Monitoring Study); HELIAD (Hellenic Longitudinal Investigation of Aging and Die
study); inSOMNIA (Sleep disOrder&MediterraneaNdlet in Advancement); ISCOLE (International Study of Childhood Obesity, Lifestyle and the Environment); KYRBS (Korea Youth Risk Behavior Web-based Survey); M (male);
MAILES (Men Androgen Inflammation Lifestyle Environment and Stress); MEAL (Mediterranean healthy Eating, Lifestyle and Aging study); NA (not applicable); NR (not reported); PSG (polysomnography); PSPSI (Paediatric Sleep
Problem Survey Instrument); PSQI (Pittsburgh Sleep Quality Index); ULSAM (Uppsala Longitudinal Study of Adult Men).
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design and self-report of the outcome investigated (Table S2).
Among intervention studies, two studies scored as “fair” and two as
“good”: the main limitation was that eligibility criteria were not
clearly pre-specified and the participants were not representative
sample of general population.

Observational studies on sugar-sweetened/energy/caffeinated
drinks

Several studies conducted on younger populations (children or
students) often found a relation between consumption of sugar-
sweetened beverages, energy and caffeinated drinks and sleep
quality outcomes due to the rationale that such beverages may
affect the physiologic circadian rhythm and sleep-related features.
In a cross-sectional survey conducted on randomly selected college
students at the University of Sharjah/United Arab Emirates
(n = 919), which aimed to establish a relation between energy
drinks intake (defined as caffeinated sugar-sweetened beverages)
and sleep quality (assessed through the PSQI), the authors found a
higher proportion of participants with good sleep quality among
non-drinkers and a significant (r = —0.10, P < 0.05) relationship
between the consumption of energy drinks and sleep quality as
well as sleep patterns [23]. In the Camden Youth Development
Study (n = 127; mean age 13.1 years; 68% Hispanic, 29% African
American), the association between measures of frequency of
caffeinated beverage consumption (energy drinks, coffee, and soda)
and sleep quality assessed through the PSQI and the Child and
Adolescent Sleep Habits Questionnaire showed that energy drink
consumption was inversely correlated with sleep duration
(r = —0.36, p < 0.01) and directly with daytime fatigue (r = 0.21,
p < 0.05) [24]. A study including 2253 students (ages 8.8—13.5)
from two monitoring studies across regional Victoria (Australia)
aimed to investigate the influence of dietary factors on sleep quality
using data on dietary intake validated against dietary recommen-
dations and assessed with the Simple Dietary Questionnaire and
sleep quality assessed by considering various sleep-related vari-
ables, classified within a 16-item questionnaire (including sleep
duration, sleep initiation, and maintenance/waking episodes). The
study revealed that, among various dietary factors, sugar-
sweetened beverage consumption was associated with having
several problems with sleep duration, quality and efficiency
(OR = 2.21,95% CI: 1.32—3.72) [ 25]. However, results have not been
always univocal when considering adherence to the dietary rec-
ommendations and sleep features among the young population.
For instance, in a sample of 287 Australian children aged
8—12years, in which the association between dietary sugar and
sleep quality has been investigated through administration of a
food frequency questionnaire (FFQ) and the Paediatric Sleep Prob-
lem Survey Instrument (PSPSI), a validated 30-item tool which
assesses sleep problems in school-aged children, only a minority of
participants (19%) did not exceed the recommended sugar intake
limit, and the analyses showed that total sugar consumption (as a
percentage of energy derived from confectionary or sugar-
sweetened beverages) was not associated with sleep or behav-
ioural domains (r ranged from —0.07 to —0.08; p ranged from 0.173
to 0.979) nor contributed to the prediction of sleep behaviour
problems (p range from 0.16 to 0.80) [26]. Also the International
Study of Childhood Obesity, Lifestyle and the Environment
(ISCOLE), a multinational study conducted on children (n = 5873;
aged 9—11 years), investigated the relation between sugar-
sweetened beverages and sleep quality including sleep duration,
sleep efficiency and bedtime assessed by 24 h, waist-worn accel-
erometer. The study showed that children regularly consuming
sugar-sweetened beverages had lower sleep duration while earlier
bedtime was associated with lower intake of regular soft drinks and

Sleep Medicine Reviews 57 (2021) 101430

higher intake of energy drinks and sports drinks: however, the
association between sleep efficiency and all types sugar-sweetened
beverage consumption was not significant while children
consuming specifically cola or soft drinks were less likely to meet
sleep duration recommendation of 9—11h/night (OR = 0.79, 95% ClI:
0.71-0.88) [27].

Observational studies on individual food groups

Several studies assessed the role of individual food groups on
sleep quality through dietary recalls, administration of FFQ, or
direct questions on food consumption. Among studies investigating
the relation between individual food groups and sleep quality
assessed through PSQI, a survey on 5160 participants from the 2015
Ningbo Adult Chronic Diseases and Risk Factors Survey (China)
reported that intake of soy sauce (OR = 1.02, 95% CI: 1.00, 1.04;
beta = 0.022, p = 0.001) and alcohol (OR = 1.44, 95% CI: 1.16, 1.80;
beta = 0.217, p = 0.005) were positively associated with poor sleep
quality, while consumption of dark fruits (beta = —0.394, p = 0.001)
and water (beta = —0.246, p = 0.001) were positively associated
with good sleep quality [28]. Interesting results on soy have been
also reported by a study conducted on 440 medical students, aged
18—24 years, chosen through non-probability consecutive sam-
pling from Karachi, Pakistan, investigated to test the association
between individual food consumption and sleep quality; the PSQI
was used to measure sleep quality and a self-administered ques-
tionnaire was used to measure the frequency of food consumption:
significant associations with better sleep quality were found for
certain foods, including soybeans (OR = 2.51, 95% CI: 1.13—5.61),
lima beans (OR = 6.57; 95% CI: 1.62—26.7), and papaya (inversely
associate, OR = 0.40; 95% CI: 0.18—0.85) [29]. Also another study
investigated soy isoflavone intake in relation with sleep parameters
in a longitudinal analysis conducted on Chinese adults aged 20
years and older from the Jiangsu Nutrition Study followed up for 5
years (n = 1474): the results showed that individuals with higher
consumption of soy isoflavone had lower risk of long sleep duration
and reduced risk of daytime falling asleep, despite the latter asso-
ciation was significant in women (OR = 0.20, 95% CI: 0.06—0.68) but
not men, while no consistent association between soy isoflavone
intake and short sleep duration was found [30].

Among investigations evaluating more general “healthy” dietary
behaviors, a study was conducted on 65,212 students (mean age
15.1 years) participating to the Korea Youth Risk Behavior Web-
based Survey (KYRBS) in which participants were asked about
food consumption and self-rated sleep satisfaction. Healthy dietary
behaviors (including fruit, vegetable, and milk consumption) were
reported to be linked to higher sleep satisfaction while, on the
contrary, unhealthy dietary behaviors (intake of caffeine, soft
drinks, sweet drinks and fast food consumption) were inversely
associated with sleep satisfaction [31]. The diet and sleep quality of
3129 female workers aged 34—65 years were analyzed by means of
a self-administered diet history questionnaire and the PSQ], in a
cross-sectional study conducted in Japan: poor sleep quality was
associated with low intake of vegetables (p for trend 0.002) and fish
(p for trend 0.04) and high intake of confectionary (p for trend
0.004), noodles (p for trend 0.03), and sugar-sweetened beverages
(p < 0.001) [32].

A cross-sectional survey of nursing students of the University of
Perugia, Italy, participating to the InSOMNIA study (n = 117, age
20—43 years), was conducted to assess the potential relation be-
tween dietary variables and sleep disorders: insomnia symptoms
included difficulty in initiating sleep, difficulty in maintaining
sleep, non-restorative sleep, early morning awake, and insomnia
with diurnal symptoms. The authors reported various associations
between frequent (>3 times/week) consumption of meat, fish,
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coffee and higher odds of various sleep disorders; conversely, the
frequent consumption of pasta and whole-grain bread was
inversely associated [33].

Observational studies on diet quality indices

Some studies provided a more comprehensive and complete
approach by evaluating the characteristics of the whole diet though
assessing the adherence with healthy dietary guidelines or princi-
ples. A cross-sectional study conducted among urban adults from
eight Chinese cities from the Chinese Urban Adults Diet and Health
Study (n = 1548) investigated sleep quality using the PSQI and
assessed diet quality through administration of a semi-quantitative
FFQ and calculation of the Chinese Healthy Diet Index (CHDI): the
study showed that better diet quality, featuring greater food di-
versity, higher intake of fruits and fish, along with higher seafood
consumption, lower eggs consumption, and higher total energy
intake, was significantly associated with lower risk of poor sleep
quality (OR = 0.62, 95% CI: 0.43—0.88) [34]. Participants of the
Multi-Ethnic Study of Atherosclerosis (MESA, n = 1813) undergoing
type 2 in—home polysomnography (which included measurement
of reductions in slow-wave sleep, REM sleep, and apnea-hypopnea
index) and investigated for diet quality through the Alternative
Healthy Eating Index (AHEI), had a high prevalence (about one
third) of moderate-to-more severe obstructive sleep apnea, which
was associated with lower intake of whole grains (beta = —0.20,
p = 0.005), higher intake of red/processed meat (beta = —0.43,
p = 0.001), and poor overall diet quality (beta = —1.26, p = 0.019)
[35]. An older male population from Sweden (n = 970; mean aged
71 years old) participating to the Uppsala Longitudinal Study of
Adult Men (ULSAM) has been investigated in a study testing for the
association between higher adherence to the Mediterranean di-
etary pattern or to the Healthy Diet Indicator (based on recom-
mendations from the World Health Organization on saturated fatty
acids, polyunsaturated fatty acids, proteins, total carbohydrates,
sucrose, fiber, fruit and vegetables, cholesterol, and fish intake) and
sleep disturbances [36]; the study showed null results, with no
significant associations between the dietary patterns investigated
and either sleep initiation or maintenance problems [36].

Observational studies on a priori-derived dietary patterns

Another strategy to assess quality-features rather than quantity
of a diet was to apply a priori-derived scores evaluating the level of
adherence to dietary patterns developed through evidence from
the scientific literature. Amongst the most important a priory
defined dietary patterns, the Dietary Approach to Stop Hyperten-
sion (DASH) and the Mediterranean dietary pattern have been the
most studied in relation to health so far. The DASH diet is charac-
terized by a high consumption of vegetables, fruits, whole grains,
low-fat dairy, nuts and legumes, and limited amounts of red or
processed meat, sweets, and sugar-sweetened beverages. To date,
only one cross-sectional study exploring the effect of DASH diet on
sleep has been conducted [37]. The study randomly recruited 488
adolescent girls aged 12—18 years old from different regions of Iran
and assessed insomnia through the Insomnia Severity Index (ISI)
questionnaire, consisting of seven questions. The authors reported
that high adherence to a DASH-style diet was not associated with
lower odds of insomnia compared to lower adherence (OR = 0.54,
95% CI: 0.27—1.09) despite a significant trend over quintiles of
adherence was found (p for trend = 0.03) [37].

In contrast, several studies have been conducted to test whether
Mediterranean dietary pattern is associated with sleep features.
The Mediterranean diet is referring to a traditional dietary pattern
adopted by southern Italian individuals in the ‘60s and
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characterized by high consumption of plant-based foods (i.e., fruit,
vegetable, legumes and nuts) and whole-grain cereals, moderate
consumption of fish and dairy foods as sources of animal protein,
low consumption of meat-products; other peculiar features of this
dietary pattern were daily intake of extra virgin olive oil and (red)
wine during the meals. A prospective cohort study was conducted
on nearly 1500 older adults living in Spain followed-up for 2.8 years
and monitored for their sleep duration and indicators of poor sleep
quality: the authors found that individuals more adherent to the
Mediterranean dietary pattern had a lower risk of a variation in
sleep duration of more than 2 h (for increase, OR = 0.54, 95% Cl:
0.34—0.85; for decrease, OR = 0.58, 95% CI: 0.35—0.95) and were
also at lower risk of poor sleep quality (OR = 0.68, 95% CI:
0.47—0.99) [38]. Another study investigating sleep duration and
quality in relation to adherence to the Mediterranean diet on a
sample of 1639 adults aged >65 years from the Hellenic Longitu-
dinal Investigation of Aging and Diet: dietary habits were recorded
through a 69-item FFQ, sleep measures were collected through
administration of the Sleep Scale from the Medical Outcomes
Study, consisting of 12 self-reported items, and the Sleep Index II,
consisting of nine questions related to sleep quality (the higher the
score, the lower the quality) [39]. The study showed that sleep
quality, but not sleep duration, was directly associated with higher
adherence to the Mediterranean diet (beta = —0.087, p = 0.001 and
beta = —0.019, p = 0.486, respectively); when the analysis was
stratified by age groups, results were particularly significant among
individuals aged <75 years [39]. Accordingly, it has been shown in a
sample of 2673 men and 3213 women aged 65 years and older
living in France participating to the 3C Study, that higher adherence
to the Mediterranean diet was inversely associated with insomnia
symptoms (such as difficulty initiating and maintaining sleep as
well as morning awakening), despite the association was significant
in women (OR = 0.80, 95% CI: 0.64—1.00) but not in men (OR = 0.93,
95% CI: 0.69—1.26) [40]. Actigraphy-measured sleep duration and
self-reported insomnia symptoms have been also investigated in a
cohort of 2068 individuals participating in the Multi-Ethnic Study
of Atherosclerosis: compared with individuals who reported low
adherence to the Mediterranean diet, those with a moderate-high
adherence were more likely to sleep 6—7 vs. <6 h/night
(OR = 143, 95% CI: 1.08—1.88) and less likely to report insomnia
symptoms occurring with short sleep (OR = 0.65, 95% CI:
0.45—0.93); noteworthy, individuals with an unchanging adher-
ence reported fewer insomnia symptoms compared with those
with decreasing adherence (OR = 0.61, 95% CI: 0.45—0.82) [41]. A
national three-year longitudinal research project, DADOS (Deporte,
ADOlescencia y Salud, investigated the relation between sleep pa-
rameters and adherence to the Mediterranean diet in 269 Spanish
adolescents (aged 13.9 + 0.3 years): adherence to the Mediterra-
nean diet was assessed using KIDMED, a 16-item tool focusing on
the main dietary characteristics of the diet, while sleep quality was
assessed through the PSQI; the study showed positive correlations
between adherence to the Mediterranean diet and sleep quality
(r =0.120, p < 0.05) but not duration [42]. Lately, we performed an
observational study investigating the relation between adherence
to the Mediterranean diet and sleep quality evaluated with the PSQI
on a sample of nearly 2000 individuals recruited in Southern Italy
participating to the Mediterranean healthy Eating, Aging and Life-
style (MEAL) study; the report revealed that a total of 1314 in-
dividuals (67.9% of the cohort) had adequate sleep quality and
increase of 1-point of the Mediterranean diet adherence score was
associated with 10% higher likelihood of having adequate sleep
quality (OR = 1.10, 95% CI: 1.05—1.16) and various sleep features,
including sleep duration (OR = 1.07, 95% CI: 1.02—1.12), latency
(OR = 1.07, 95% CI: 1.02—1.12), efficiency (OR = 1.06, 95% CI:
1.01-1.12), and lack of day dysfunction (OR = 1.04, 95% CI:



J. Godos, G. Grosso, S. Castellano et al.

1.00—1.09); interestingly, when the analyses were stratified by
weight status, the association between sleep quality and high
adherence to the Mediterranean diet was observed only among
normal/overweight individuals but not in obese participants [43].

We hypothesized that there might have been a potential role of
the antioxidant potential of the diet. Consequently, we calculated
the Dietary Inflammatory Index (DII), a literature-derived score
that has been developed to evaluate the inflammatory potential of
the diet based on the effect of dietary parameters on inflammatory
cytokines and we found that individuals with higher adherence to a
pro-inflammatory diet were more likely to have worse sleep quality
(OR = 0.73, 95% CI: 0.61—-0.88), sleep duration (OR = 0.79, 95% CI:
0.66—0.93) and latency (OR = 0.85, 95% CI: 0.72—1.00) [44]. Among
other studies exploring the same research question, a cross-
sectional study conducted in patients diagnosed with severe
obstructive sleep apnea (n = 296) aiming to evaluate the potential
role of a pro-inflammatory diet in predicting sleep pattern showed
that the DII scores were significantly associated with apnea
severity, daytime sleepiness, and predicting rapid eye movement
latency in obese individuals; however, no significant associations
were found between DII scores and the other sleep parameters
investigated [45]. Finally, another study investigating the relation
between the antioxidant potential of the diet toward sleep issues
has been conducted on 400 postmenopausal women who referred
to municipality health houses and health centers in south Tehran,
Iran [46]. In the study, the dietary total antioxidant capacity (DTAC)
was calculated using Nutrient Data Laboratory of US Department of
Agriculture database, which estimated TAC using the oxygen
radical absorbance capacity (ORAC) method for 100 g of selected
foods, and expressed it as micromole of Trolox equivalents
(micromol TE/100 g), while information on sleep quality was
recorded using the Menopause Rating Scale questionnaire. Results
of the study revealed an inverse relation between the DTAC and
occurrence of sleep problems together with other related somatic
and psychological symptoms, such as hot flushes and sweating,
anxiety, and exhaustion [46].

Observational studies a posteriori-derived dietary patterns

Only one study has been conducted by testing for a posteriori-
derived dietary patterns: in a cohort of community dwelling
Australian men (n = 784, age 35—80 years) participating to the Men
Androgen Inflammation Lifestyle Environment and Stress (MAILES)
study, sleep parameters measured through polysomnography and
self-reported sleep symptoms (including daytime sleepiness, sleep
quality, sleep onset latency, apnoea hypopnea index, and total sleep
duration) were tested for association with a-posteriori derived di-
etary patterns retrieved after administration of a 167-item FFQ; the
study showed that a prudent dietary pattern characterized by high
intake of vegetables, fruits, and legumes was inversely associated
with sleep onset compared with a Western dietary pattern char-
acterized by high intake of processed meat, snacks, red meat and
take-away foods (beta = —6.34, 95% CI: —11.57, —1.11 min); how-
ever, no associations were found between dietary patterns and
other sleep outcomes [47].

Clinical intervention studies on glycaemic index

The clinical intervention studies were characterized by a more
rigorous methodology for assessing the effect of a dietary expo-
sure (having control groups for comparison) but were limited by
a lower number of participants and generally explored relatively
acute effects on sleep quality features. To investigate the role of
carbohydrate quality in sleep onset, a group of researchers
studied the effect of glycaemic index (GI) and meal time on sleep
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in 12 healthy men volunteers (aged 18—35 years). The partici-
pants were administered standard, isocaloric meals of either low
GI or high GI rice, 4 h or 1 h before their usual bedtime, after
familiarization night followed by three test nights in random
order 1 week apart. The intervention led to a significant reduc-
tion in the mean sleep onset latency in high-GI (9.0 + 6.2 min)
compared with a low-GI (17.5 + 6.2 min) meal consumed 4 h
before bedtime; the high-GI meal given 4 h before bedtime
showed a significantly shortened sleep latency compared with
the same meal given 1 h before bedtime (9.0 + 6.2 min compared
with 14.6 + 9.9 min; P < 0.01); no effects on other sleep variables
were observed [48]. Another study was conducted on eight
children, which underwent three nights of full polysomnography
study, one familiarization and two test nights consecutively: on
the test nights, 1 h before bedtime, the children were given
randomly a low GI or high GI milk drink. Interestingly, the mean
of total arousal index in the first half of night after the high GI
was greater than that of low GI drink; moreover, also NREM
arousal index in the first half of night after the high GI was higher
than that after low GI drink, even though other sleep parameters
were not affected by the GI of the drink [49]. The results of these
intervention studies suggest that GI may play a role in shortening
sleep onset latency and increasing the number of arousals during
sleep.

Clinical intervention studies on food groups

Other studies investigated the role of specific “healthy” foods in
improving sleep quality. A total of 95 male sexual offenders (mean
age 42 years, range 21—60) residing at a secure forensic inpatient
facility in the US were randomly assigned into two groups; one
group that would have to eat fish (portion size 150—300 g) three
times a week and one group that would have to eat meat (e.g.,
chicken, pork, beef) meals three times a week for a period for six
months (September—February); data concerning sleep latency,
sleep efficiency, actual sleep time, and actual wake time actigraphs
from the Actiwatch Activity Monitoring Systems were investigated;
moreover, sleep diaries investigating sleep quality and daily func-
tioning were also collected [50]. The fish group reported better
sleep latency than the meat group (23.30 + 20.38 wvs.
30.89 + 18.93 min, p < 0.05); while no substantial differences be-
tween groups were found, a worsening of sleep latency
(19.37 + 19.45 min vs. 30.89 + 18.93 min, p < 0.05), efficiency
(69.64 + 71 min vs. 75.84 + 6.47 min, p < 0.05) and actual wake
time (107.49 + 31.1 min vs. 83.63 + 25.71 min, p < 0.05) was
observed between pre-post tests in the meat group [50]. In order to
investigate the potential effects of zinc in the regulation of sleep,
and astaxanthin, an antioxidant abundant in seafoods able to
chelate minerals and promote zinc absorption, a placebo-controlled
parallel group trial has been conducted on 120 healthy Japanese
subjects divided into four groups: placebo, zinc-rich food (two
types of shellfish), zinc- and astaxanthin-rich foods (shellfish and
krill oil), and placebo supplemented with zinc-enriched yeast and
astaxanthin oil; their night activity was recorded by actigraphy for
12 weeks to assess total sleep time, sleep onset latency, wake after
sleep onset, sleep efficiency, frequency and duration of nocturnal
awakenings, and number of body positional changes [51]. The re-
sults of the PSQI were not significantly different between groups;
however, the zinc-rich food group efficiently decreased the time
necessary to fall asleep (—6.46 + 12.29 vs. 2.78 + 10.55, p = 0.032)
and improved sleep efficiency compared with the placebo group
(3.78 + 7.80 vs. —1.74 + 4.94; p = 0.025), whereas the group that
ingested zinc-enriched yeast and astaxanthin oil significantly
improved the sleep onset latency (—8.57 + 8.38 vs. 2.78 + 10.55,
p = 0.004) [51].
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Discussion

The present study aimed to investigate the current state of evi-
dence for the association between exposure to diet-related variables
and sleep quality outcomes: several studies showed a potential rela-
tion between healthier dietary patterns or individual food groups and
sleep quality. There was no univocal definition of “healthy” diet, but
some general characteristics were common to all dietary patterns
reviewed, including high intake of plant-derived foods, including fruit
and vegetable, whole-grains and legumes, olive oil and seafood as
main sources of fats (i.e, in the Mediterranean diet) and low con-
sumption of processed and free sugar-rich foods (i.e., sugar-sweetened
beverages). Concerning dietary fats, there were several studies
showing a potential benefits of seafood, a large body of evidence has
been provided for the role of omega-3 fatty acids for brain health:
docosahexaenoic acid (DHA) represents one of the most important
structural components of neuron membranes responsible for their
stability and neuronal homeostasis also affecting serotoninergic,
noradrenergic and dopaminergic neurotransmission; eicosapentae-
noic acid (EPA) is capable of modulating both metabolic and immune
process, which may reduce pro-inflammatory cytokines, such as
arachidonic acid (AA, an n-6 PUFA) level on cell membrane and
prostaglandin E2 (PGE2) synthesis [52]. Dietary omega-3 fatty acids
have been suggested to influence brain health through several po-
tential mechanisms, including the neuroendocrine modulation of the
serotoninergic and dopaminergic transmission, the synthesis of neu-
rotrophic factors and the release of anti-inflammatory cytokines such
as Transforming Growth Factor-f1 [53].

Also, carbohydrates may play an important role on sleep quality:
however, rather than mere quantity, the reviewed studies pointed that
type of carbohydrates may be a more important target for future
studies. In fact, high-glycemic index carbohydrates stimulate glucose
entry into the blood and facilitates a greater insulin response, which
mediates the uptake of large neutral amino acid into muscle, but not
tryptophan that is largely bound to plasma albumin, leading ulti-
mately to higher availability for serotonin synthesis [54]. However,
excessive chronic consumption of added simple sugars have been
shown to be associated with cognitive impairments, especially
worsened hippocampal memory function; this relation might be
mediated by neuroinflammation in the hippocampus, which is espe-
cially pronounced in the high sugar/low fat condition [55]. In contrast,
complex carbohydrates not digestible by human enzymes and broken
down by the intestinal flora leading to production of short chain fatty
acids (SCFAs) as a by-product of their fermentation; SCFAs (including
acetate, propionate, and butyrate) have shown anti-inflammatory
effects that can be transmitted also to the brain through pathways
involving neuronal and glial signaling and immune system activation
[56]. Altered intestinal flora (“dysbiosis”) may lead to increased
permeability of the intestinal mucosa (“leaky gut”); as a result, bac-
terial components, such as lipopolysaccharides (LPS) from the bacte-
rial cell wall, bind on circulating macrophages and monocytes, which
in turn stimulate an inflammatory response with rise in circulating
pro-inflammatory cytokines [57].

Protein quality (i.e., amino-acid composition) is also another
dietary feature that might be related to sleep quality [58]. Trypto-
phan is among the most studied amino-acids because is a precursor
of serotonin and melatonin, both implicated in sleep regulation
[59]. Also L-ornithin may play a role on sleep quality by reducing
stress-induced activation of the central nervous system mediated
by the GABA receptor [60]. Finally, protein quality (i.e., animal vs.
plant protein) may contribute to the inflammatory potential of the
diet as a result of the different utilization by gut microbiota of
derived peptides produced after protein digestion, which in turn
may result in dysbiosis and rise in inflammatory biomarkers [61]:
conversely, substitution of animal by vegetable proteins led to
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changes in the microbiota and improvement in antioxidant status
in people with chronic disease [62].

Another hypothesis that could be derived from the results of the
present systematic review is that healthy and unhealthy dietary
patterns potentially playing a role against (or in favor of) low-grade
subclinical inflammation may, in turn, have an impact on neuro-
inflammatory phenomena [63]. In fact, recent research demon-
strated that there is a bidirectional link between sleep and
inflammation and oxidative stress. It has been showed that sleep
disturbances and extreme long sleep duration may be associated
with higher levels of c-reactive protein (CRP) and IL-6, while short
sleep duration only with IL-6 [64]. It has been demonstrated that
individuals with sleep disorders are prone to increased oxidative
damage and impaired antioxidant defense, and that the magnitude
of changes is associated with severity of disorders [65]. Several
dietary factors have been hypothesized to influence systemic
inflammation, mainly through pro- or anti-inflammatory cytokine
release and regulation of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) signaling pathway [66]. Up
to date, several mechanisms that underline sleep-inflammation
cross-talk have been hypothesized, implicating dysregulation of
inflammatory balance, partially caused by the over-activation of
microglia in central nervous system [67], dysfunction of different
neurotransmitters, intracellular signaling, gene transcription,
reduced synaptic plasticity and hippocampal neurogenesis, and
epigenetic changes that in turn can contribute to short-term and
long-lasting imbalances of neuronal function and behavior [68].
Plant-based foods are key sources of antioxidant vitamins and
(poly)phenols, which have been shown to exert neuroprotective
effects through regulation of inflammatory and oxidative response
damage [69]. Similarly, healthy fats, such as mono and certain poly-
unsaturated fatty acids, like omega-3 fatty acids, exert anti-
inflammatory and neuroprotective effects improving cognitive
functions [70]. On the contrary, processed foods and highly caloric
foods have been shown to pro-inflammatory cytokine release and
therefore worsen inflammatory state. In example, food sources of
refined carbohydrates may negatively affect dietary glycemic index
and load, which in turn may induce acute inflammatory response
[71]. Similarly, consumption of processed meat products, has been
associated with production of biomarkers of inflammation [72].

Nutritional factors may finally affect the circadian rhythm leading
to modification in sleep quality [73]. Albeit not directly investigated in
this review, there is evidence that dietary factors may affect adipo-
nectin levels, a hormone involved in glucose regulation and fatty acid
oxidation: following consumption of certain foods (i.e., coffee and tea)
or as consequence of intermittent fasting, adiponectin influence the
circadian system and may play a role in sleep quality [74]. Moreover,
adiponectin levels have been also associated with anxiety, mood and
stress-related affective disorders [75]. Circadian rhythm has been
shown to respond to some bioactive compounds, such has dietary
polyphenols (i.e., hydroxycinnamic acids in coffee and flavonoids in
tea), which may regulate circadian clock genes and leptin secretion,
another hormone that helps to regulate energy balance by inhibiting
hunger [76,77]. Alterations in the sleep—wake cycle lead to fluctuation
of gut microbiota taxonomic configurations, which in turn may play a
role in physiological stress induction and sleep-related outcomes [78].
Moreover, circadian rhythm also influence levels of Brain-Derived
Neurotrophic Factor, a neurotrophin regulating neuronal survival,
growth, and plasticity, which has been related to mental health and
neurodegenerative disorders, as well as with insomnia [79—81].

The results summarized in the present systematic review should be
considered in light of some limitations. First, the most of studies
included had a across-sectional design, and thus it is not possible to
identify a causality or directionality between dietary exposure and sleep
quality. Moreover, diversity and a limited number of studies was
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available for each dietary exposure not allowing to state convincing
level of the evidence and perform quantitative analysis. Second, about a
half of the studies scored as poor quality, mainly due to the tools used to
measure sleep quality (solely few studies used actigraphy or poly-
somnography). Future studies with a prospective design, optimally
measuring sleep features using valid tools and not only self-reported
symptoms are needed to better understand the real impact of dietary
factors toward sleep quality and establish dietary recommendations.

Conclusions

The general quality of the studies conducted so far is poor-to-
fair, taking into accounting that the majority of studies had a
cross-sectional design, which does not allow to clearly define
cause—effect relations. Thus, there is currently insufficient evidence
available to conclude whether it is possible to modulate or influ-
ence sleep quality through interventions on dietary habits nor on
individual components of the diet. However, the findings are
promising and an association between certain dietary factors and
sleep quality has been shown. It is important to better understand
the potential molecular mechanisms relating nutrition with brain
health that may lead to increased sleep quality. Future research
should provide evidence from larger prospective cohort studies to
individualize potential candidates among dietary patterns and in-
dividual foods or molecules, while clinical intervention studies
should confirm the retrieved associations. Preclinical studies could
focus on molecular mechanisms and novel pathways. Finally, in-
terventions on the gut microbiota may be a useful tool to explore
the role of the gut—brain axis in sleep quality and disorders.

Practice Points

e Healthy diets, rich in plant-derived foods and seafood as
well as low in processed and free sugar-rich foods, are
associated with sleep quality.

e The dietary characteristics underlined suggest a potential
role of inflammation and gut—brain axis in affecting sleep
quality.

Research Agenda

Better designed studies are needed to strengthen the
conclusions:

e Prospective cohort with proper follow-up and use of
adequate tools to collect data on dietary exposure and
sleep quality are warrant.

Randomized controlled trials on larger samples and with
objective methods to evaluate sleep quality are needed to
confirm the results from observational studies.
Preclinical and clinical studies focusing on the role of
inflammation and gut microbiota in affecting sleep qual-
ity may provide final evidence for the hypothesized
mechanisms.

Funding

This study was partially supported by a fund from the Italian
Ministry of Health “Ricerca Corrente” (RC n. 2751594) (Drs. Ferri,
Caraci and Godos).

10

Sleep Medicine Reviews 57 (2021) 101430

Conflicts of interest
The authors do not have any conflicts of interest to disclose.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.smrv.2021.101430.

References

[1] ChenY, Tan F, Wei L, Li X, Lyu Z, Feng X, et al. Sleep duration and the risk of
cancer: a systematic review and meta-analysis including dose-response
relationship. BMC Canc 2018;18(1):1149.

Cappuccio FP, Cooper D, D'Elia L, Strazzullo P, Miller MA. Sleep duration
predicts cardiovascular outcomes: a systematic review and meta-analysis of
prospective studies. Eur Heart | 2011;32(12):1484—92.

Cappuccio FP, D'Elia L, Strazzullo P, Miller MA. Quantity and quality of sleep
and incidence of type 2 diabetes: a systematic review and meta-analysis.
Diabetes Care 2010;33(2):414—20.

Kwok CS, Kontopantelis E, Kuligowski G, Gray M, Muhyaldeen A, Gale CP,
et al. Self-reported sleep duration and quality and cardiovascular disease and
mortality: a dose-response meta-analysis. ] Am Heart Assoc 2018;7(15):
e008552.

Pace-Schott EF, Spencer RM. Sleep-dependent memory consolidation in
healthy aging and mild cognitive impairment. Curr Top Behav Neurosci
2015;25:307—-30.

Lundahl A, Nelson TD. Sleep and food intake: a multisystem review of
mechanisms in children and adults. ] Health Psychol 2015;20(6):794—805.
Cordova FV, Barja S, Brockmann PE. Consequences of short sleep duration on
the dietary intake in children: a systematic review and metanalysis. Sleep
Med Rev 2018;42:68—84.

Longo VD, Panda S. Fasting, circadian rhythms, and time-restricted feeding in
healthy lifespan. Cell Metabol 2016;23(6):1048—59.

Fernandez AM, Santi A, Torres Aleman I. Insulin peptides as mediators of the
impact of life style in Alzheimer's disease. Brain Plast 2018;4(1):3—15.
Pistollato F, Sumalla Cano S, Elio I, Masias Vergara M, Giampieri F, Battino M.
Associations between sleep, cortisol regulation, and diet: possible implica-
tions for the risk of alzheimer disease. Adv Nutr 2016;7(4):679—89.

Manna P, Jain SK. Obesity, oxidative stress, adipose tissue dysfunction, and
the associated health risks: causes and therapeutic strategies. Metab Syndr
Relat Disord 2015;13(10):423—44.

Dashti HS, Scheer FA, Jacques PF, Lamon-Fava S, Ordovas JM. Short sleep
duration and dietary intake: epidemiologic evidence, mechanisms, and
health implications. Adv Nutr 2015;6(6):648—59.

Mossavar-Rahmani Y, Weng J, Wang R, Shaw PA, Jung M, Sotres-Alvarez D,
et al. Actigraphic sleep measures and diet quality in the hispanic community
health study/study of latinos sueno ancillary study. J Sleep Res 2017;26(6):
739—46.

Chaput JP. Sleep patterns, diet quality and energy balance. Physiol Behav
2014;134:86-91.

St-Onge MP, Mikic A, Pietrolungo CE. Effects of diet on sleep quality. Adv Nutr
2016;7(5):938—49.

Peuhkuri K, Sihvola N, Korpela R. Diet promotes sleep duration and quality.
Nutr Res 2012;32(5):309—-19.

[17] Jansen EC, Dunietz GL, Tsimpanouli ME, Guyer HM, Shannon C, Hershner SD,
et al. Sleep, diet, and cardiometabolic health investigations: a systematic
review of analytic strategies. Curr Nutr Rep 2018;7(4):235—58.

Watson (J, Baghdoyan HA, Lydic R. Neuropharmacology of sleep and wake-
fulness. Sleep Med Clin 2010;5(4):513—28.

Chen WW, Zhang X, Huang WJ. Role of neuroinflammation in neurodegen-
erative diseases (Review). Mol Med Rep 2016;13(4):3391—6.

Knowlden AP, Hackman CL, Sharma M. Systematic review of dietary in-
terventions targeting sleep behavior. ] Alternative Compl Med 2016;22(5):
349-62.

Sutanto CN, Wang MX, Tan D, Kim JE. Association of sleep quality and
macronutrient distribution: a systematic review and meta-regression. Nu-
trients 2020;12(1).

Ward AL, Reynolds AN, Kuroko S, Fangupo LJ, Galland BC, Taylor RW. Bidi-
rectional associations between sleep and dietary intake in 0-5 year old
children: a systematic review with evidence mapping. Sleep Med Rev
2019;49:101231.

Faris MAE, Jahrami H, Al-Hilali MM, Chehyber NJ, Ali SO, Shahda SD, et al.
Energy drink consumption is associated with reduced sleep quality among
college students: a cross-sectional study. Nutr Diet 2017;74(3):268—74.
Marmorstein NR. Interactions between energy drink consumption and sleep
problems: associations with alcohol use among young adolescents. ] Caffeine
Res 2017;7(3):111-6.

2]

3]

(4]

(5

[6

*[7]

*(8]

[9

*[10]
1]
*[12]
[13]
[14]

[15]

[16]

[18]
[19]

[20]
[21]

[22]

[23]

[24]

* The most important references are denoted by an asterisk.


https://doi.org/10.1016/j.smrv.2021.101430
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref1
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref1
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref1
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref2
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref2
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref2
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref2
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref3
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref3
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref3
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref3
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref4
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref4
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref4
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref4
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref5
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref5
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref5
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref5
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref6
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref6
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref6
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref7
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref7
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref7
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref7
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref8
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref8
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref8
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref9
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref9
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref9
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref10
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref10
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref10
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref10
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref11
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref11
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref11
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref11
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref12
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref12
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref12
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref12
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref13
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref13
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref13
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref13
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref13
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref14
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref14
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref14
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref15
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref15
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref15
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref16
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref16
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref16
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref17
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref17
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref17
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref17
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref18
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref18
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref18
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref19
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref19
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref19
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref20
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref20
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref20
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref20
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref21
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref21
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref21
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref22
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref22
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref22
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref22
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref23
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref23
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref23
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref23
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref24
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref24
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref24
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref24

J. Godos, G. Grosso, S. Castellano et al.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

*[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Morrissey B, Allender S, Strugnell C. Dietary and activity factors influence
poor sleep and the sleep-obesity nexus among children. Int J Environ Res
Publ Health 2019;16(10).

Watson EJ, Coates AM, Banks S, Kohler M. Total dietary sugar consumption
does not influence sleep or behaviour in Australian children. Int J Food Sci
Nutr 2018;69(4):503—12.

Chaput JP, Tremblay MS, Katzmarzyk PT, Fogelholm M, Hu G, Maher C, et al.
Sleep patterns and sugar-sweetened beverage consumption among children
from around the world. Publ Health Nutr 2018;21(13):2385—93.

Kong F, Li H, Xu G, Ying Y, Gong Q, Zhao J, et al. Association of dietary behaviors
and sleep quality: results from the adults chronic diseases and risk factors survey
of 2015 in Ningbo, China. Int ] Environ Res Publ Health 2018;15(9).

Nisar M, Mohammad RM, Arshad A, Hashmi [, Yousuf SM, Baig S. Influence of
dietary intake on sleeping patterns of medical students. Cureus 2019;11(2):
e4106.

Cao Y, Taylor AW, Zhen S, Adams R, Appleton S, Shi Z. Soy isoflavone intake and
sleep parameters over 5 Years among Chinese adults: longitudinal analysis from
the Jiangsu nutrition study. J Acad Nutr Diet 2017;117(4):536—44. e2.

Hong SA, Peltzer K. Dietary behaviour, psychological well-being and mental
distress among adolescents in Korea. Child Adolesc Psychiatr Ment Health
2017;11:56.

Katagiri R, Asakura K, Kobayashi S, Suga H, Sasaki S. Low intake of vegetables,
high intake of confectionary, and unhealthy eating habits are associated with
poor sleep quality among middle-aged female Japanese workers. ] Occup
Health 2014;56(5):359—68.

Gianfredi V, Nucci D, Tonzani A, Amodeo R, Benvenuti AL, Villarini M, et al.
Sleep disorder, Mediterranean Diet and learning performance among nursing
students: inSOMNIA, a cross-sectional study. Ann Ig 2018;30(6):470—81.
Wu W, Zhao A, Szeto IM, Wang Y, Meng L, Li T, et al. Diet quality, con-
sumption of seafood and eggs are associated with sleep quality among
Chinese urban adults: a cross-sectional study in eight cities of China. Food Sci
Nutr 2019;7(6):2091-102.

Reid M, Maras JE, Shea S, Wood AC, Castro-Diehl C, Johnson DA, et al. As-
sociation between diet quality and sleep apnea in the Multi-Ethnic Study of
Atherosclerosis. Sleep 2019;42(1).

van Egmond L, Tan X, Sjogren P, Cederholm T, Benedict C. Association be-
tween healthy dietary patterns and self-reported sleep disturbances in older
men: the ULSAM study. Nutrients 2019;11(5).

Rostami H, Khayyatzadeh SS, Tavakoli H, Bagherniya M, Mirmousavi SJ,
Farahmand SK, et al. The relationship between adherence to a Dietary
Approach to Stop Hypertension (DASH) dietary pattern and insomnia. BMC
Psychiatr 2019;19(1):234.

Campanini MZ, Guallar-Castillon P, Rodriguez-Artalejo F, Lopez-Garcia E.
Mediterranean diet and changes in sleep duration and indicators of sleep
quality in older adults. Sleep 2017;40(3).

Mamalaki E, Anastasiou CA, Ntanasi E, Tsapanou A, Kosmidis MH, Dardiotis E,
et al. Associations between the mediterranean diet and sleep in older adults:
results from the hellenic longitudinal investigation of aging and diet study.
Geriatr Gerontol Int 2018;18(11):1543—8.

Jaussent I, Dauvilliers Y, Ancelin ML, Dartigues JF, Tavernier B, Touchon J, et al.
Insomnia symptoms in older adults: associated factors and gender differ-
ences. Am ] Geriatr Psychiatr 2011;19(1):88—97.

Castro-Diehl C, Wood AC, Redline S, Reid M, Johnson DA, Maras JE, et al.
Mediterranean diet pattern and sleep duration and insomnia symptoms in
the Multi-Ethnic Study of Atherosclerosis. Sleep 2018;41(11).
Adelantado-Renau M, Beltran-Valls MR, Esteban-Cornejo [, Martinez-
Vizcaino V, Santaliestra-Pasias AM, Moliner-Urdiales D. The influence of
adherence to the Mediterranean diet on academic performance is mediated
by sleep quality in adolescents. Acta Paediatr 2019;108(2):339—46.

Godos J, Ferri R, Caraci F, Cosentino FII, Castellano S, Galvano F, et al.
Adherence to the mediterranean diet is associated with better sleep quality
in Italian adults. Nutrients 2019;11(5).

Godos J, Ferri R, Caraci F, Cosentino FII, Castellano S, Shivappa N, et al. Dietary
inflammatory index and sleep quality in southern Italian adults. Nutrients
2019;11(6).

Lopes TVC, Borba MES, Lopes RVC, Fisberg RM, Paim SL, Teodoro VV, et al.
Association between inflammatory potential of the diet and sleep parame-
ters in sleep apnea patients. Nutrition 2019;66:5—10.

Abshirini M, Siassi F, Koohdani F, Qorbani M, Khosravi S, Hedayati M, et al.
Dietary total antioxidant capacity is inversely related to menopausal symp-
toms: a cross-sectional study among Iranian postmenopausal women.
Nutrition 2018;55—56:161—7.

Cao Y, Taylor AW, Wittert G, Adams R, Shi Z. Dietary patterns and sleep pa-
rameters in a cohort of community dwelling Australian men. Asia Pac ] Clin
Nutr 2017;26(6):1158—69.

Afaghi A, O'Connor H, Chow CM. High-glycemic-index carbohydrate meals
shorten sleep onset. Am ] Clin Nutr 2007;85(2):426—30.

Jalilolghadr S, Afaghi A, O'Connor H, Chow CM. Effect of low and high gly-
caemic index drink on sleep pattern in children. J Pakistan Med Assoc
2011;61(6):533—6.

Hansen AL, Dahl L, Olson G, Thornton D, Graff IE, Froyland L, et al. Fish
consumption, sleep, daily functioning, and heart rate variability. ] Clin Sleep
Med 2014;10(5):567—75.

Saito H, Cherasse Y, Suzuki R, Mitarai M, Ueda F, Urade Y. Zinc-rich oysters as
well as zinc-yeast- and astaxanthin-enriched food improved sleep efficiency

1

[52]

[53]

*[54]

[55]

[56]

[57]

[58]
[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

(81]

Sleep Medicine Reviews 57 (2021) 101430

and sleep onset in a randomized controlled trial of healthy individuals. Mol
Nutr Food Res 2017;61(5).

Su KP. Mind-body interface: the role of n-3 fatty acids in psychoneuroim-
munology, somatic presentation, and medical illness comorbidity of
depression. Asia Pac J Clin Nutr 2008;17(Suppl 1):151—7.

Grosso G, Galvano F, Marventano S, Malaguarnera M, Bucolo C, Drago F, et al.
Omega-3 fatty acids and depression: scientific evidence and biological
mechanisms. Oxid Med Cell Longev 2014;2014:313570.

Bourre JM. Effects of nutrients (in food) on the structure and function of the
nervous system: update on dietary requirements for brain. Part 2 : macro-
nutrients. ] Nutr Health Aging 2006;10(5):386—99.

Mergenthaler P, Lindauer U, Dienel GA, Meisel A. Sugar for the brain: the role
of glucose in physiological and pathological brain function. Trends Neurosci
2013;36(10):587—-97.

Freeman CR, Zehra A, Ramirez V, Wiers CE, Volkow ND, Wang GJ. Impact of sugar
on the body, brain, and behavior. Front Biosci (Landmark Ed) 2018;23:2255—66.
Morkl S, Wagner-Skacel ], Lahousen T, Lackner S, Holasek SJ, Bengesser SA,
et al. The role of nutrition and the gut-brain Axis in psychiatry: a review of
the literature. Neuropsychobiology 2018:1—-9.

Glenn JM, Madero EN, Bott NT. Dietary protein and amino acid intake: links
to the maintenance of cognitive health. Nutrients 2019;11(6).

Friedman M. Analysis, nutrition, and health benefits of tryptophan. Int ]
Tryptophan Res 2018;11. 1178646918802282.

Kurata K, Nagasawa M, Tomonaga S, Aoki M, Akiduki S, Morishita K, et al. Orally
administered L-ornithine reduces restraint stress-induced activation of the
hypothalamic-pituitary-adrenal axis in mice. Neurosci Lett 2012;506(2):287—91.
Xu B, Christudas S, Devi Devaraj R. Different impacts of plant proteins and
animal proteins on human health through altering gut microbiotaant pro-
teins and animal proteins on human health through altering gut microbiota.
Funct Foods Health Dis 2020;10(5):2020.

Avila-Escalante ML, Coop-Gamas F, Cervantes-Rodriguez M, Mendez-
Iturbide D, Aranda G, II. The effect of diet on oxidative stress and metabolic
diseases-Clinically controlled trials. ] Food Biochem 2020;44(5):e13191.
Atienza M, Ziontz ], Cantero JL. Low-grade inflammation in the relationship
between sleep disruption, dysfunctional adiposity, and cognitive decline in
aging. Sleep Med Rev 2018;42:171-83.

Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep duration, and
inflammation: a systematic review and meta-analysis of cohort studies and
experimental sleep deprivation. Biol Psychiatr 2016;80(1):40—52.

Mancuso M, Bonanni E, LoGerfo A, Orsucci D, Maestri M, Chico L, et al.
Oxidative stress biomarkers in patients with untreated obstructive sleep
apnea syndrome. Sleep Med 2012;13(6):632—6.

Minihane AM, Vinoy S, Russell WR, Baka A, Roche HM, Tuohy KM, et al. Low-
grade inflammation, diet composition and health: current research evidence
and its translation. Br J Nutr 2015;114(7):999—1012.

Krishnan V, Nestler EJ. Linking molecules to mood: new insight into the
biology of depression. Am ] Psychiatr 2010;167(11):1305—20.

Russo SJ], Murrough JW, Han MH, Charney DS, Nestler E]. Neurobiology of
resilience. Nat Neurosci 2012;15(11):1475—84.

Ayuso MI, Gonzalo-Gobernado R, Montaner ]. Neuroprotective diets for
stroke. Neurochem Int 2017;107:4—10.

Marventano S, Kolacz P, Castellano S, Galvano F, Buscemi S, Mistretta A, et al.
A review of recent evidence in human studies of n-3 and n-6 PUFA intake on
cardiovascular disease, cancer, and depressive disorders: does the ratio really
matter? Int ] Food Sci Nutr 2015;66(6):611—-22.

Beilharz JE, Maniam J, Morris MJ. Diet-induced cognitive deficits: the role of
fat and sugar, potential mechanisms and nutritional interventions. Nutrients
2015;7(8):6719—-38.

Alisson-Silva F, Kawanishi K, Varki A. Human risk of diseases associated with
red meat intake: analysis of current theories and proposed role for metabolic
incorporation of a non-human sialic acid. Mol Aspect Med 2016;51:16—30.
Godos J, Currenti W, Angelino D, Mena P, Castellano S, Caraci F, et al. Diet and
mental health: review of the recent updates on molecular mechanisms.
Antioxidants 2020;9(4).

Cornelissen G. Metabolic syndrome, adiponectin, sleep, and the circadian
system. EBioMedicine 2018;33:20—1.

Vuong E, Nothling ], Lombard C, Jewkes R, Peer N, Abrahams N, et al. Peripheral
adiponectin levels in anxiety, mood, trauma- and stressor-related disorders: a
systematic review and meta-analysis. ] Affect Disord 2020;260:372—409.
Arola-Arnal A, Cruz-Carrion A, Torres-Fuentes C, Avila-Roman ], Aragones G,
Mulero M, et al. Chrononutrition and polyphenols: roles and diseases. Nu-
trients 2019;11(11).

Ibars M, Aragones G, Ardid-Ruiz A, Gibert-Ramos A, Arola-Arnal A, Suarez M,
et al. Seasonal consumption of polyphenol-rich fruits affects the hypotha-
lamic leptin signaling system in a photoperiod-dependent mode. Sci Rep
2018;8(1):13572.

Li Y, Hao Y, Fan F, Zhang B. The role of microbiome in insomnia, circadian
disturbance and depression. Front Psychiatr 2018;9:669.

Grosso G. Nutrition and aging: is there a link to cognitive health? Int ] Food
Sci Nutr 2020;71(3):265—6.

Schmitt K, Holsboer-Trachsler E, Eckert A. BDNF in sleep, insomnia, and sleep
deprivation. Ann Med 2016;48(1—-2):42—51.

Castren E, Rantamaki T. The role of BDNF and its receptors in depression and
antidepressant drug action: reactivation of developmental plasticity. Dev
Neurobiol 2010;70(5):289—-97.


http://refhub.elsevier.com/S1087-0792(21)00015-0/sref25
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref25
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref25
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref26
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref26
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref26
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref26
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref27
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref27
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref27
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref27
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref28
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref28
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref28
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref29
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref29
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref29
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref30
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref30
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref30
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref30
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref31
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref31
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref31
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref32
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref32
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref32
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref32
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref32
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref33
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref33
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref33
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref33
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref34
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref34
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref34
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref34
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref34
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref35
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref35
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref35
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref36
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref36
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref36
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref37
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref37
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref37
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref37
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref38
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref38
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref38
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref39
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref39
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref39
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref39
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref39
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref40
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref40
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref40
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref40
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref41
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref41
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref41
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref42
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref42
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref42
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref42
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref42
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref43
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref43
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref43
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref44
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref44
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref44
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref45
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref45
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref45
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref45
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref46
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref46
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref46
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref46
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref46
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref46
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref47
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref47
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref47
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref47
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref48
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref48
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref48
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref49
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref49
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref49
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref49
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref50
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref50
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref50
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref50
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref51
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref51
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref51
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref51
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref52
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref52
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref52
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref52
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref53
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref53
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref53
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref54
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref54
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref54
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref54
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref55
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref55
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref55
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref55
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref56
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref56
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref56
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref57
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref57
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref57
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref57
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref58
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref58
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref59
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref59
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref60
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref60
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref60
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref60
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref61
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref61
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref61
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref61
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref62
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref62
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref62
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref63
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref63
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref63
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref63
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref64
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref64
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref64
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref64
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref65
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref65
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref65
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref65
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref66
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref66
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref66
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref66
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref67
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref67
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref67
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref68
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref68
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref68
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref69
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref69
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref69
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref70
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref70
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref70
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref70
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref70
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref71
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref71
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref71
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref71
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref72
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref72
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref72
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref72
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref73
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref73
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref73
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref74
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref74
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref74
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref75
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref75
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref75
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref75
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref76
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref76
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref76
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref77
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref77
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref77
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref77
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref78
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref78
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref79
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref79
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref79
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref80
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref80
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref80
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref80
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref81
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref81
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref81
http://refhub.elsevier.com/S1087-0792(21)00015-0/sref81

	Association between diet and sleep quality: A systematic review
	Introduction
	Methods
	Study selection
	Data extraction
	Quality assessment

	Results
	Studies description
	Observational studies on sugar-sweetened/energy/caffeinated drinks
	Observational studies on individual food groups
	Observational studies on diet quality indices
	Observational studies on a priori-derived dietary patterns
	Observational studies a posteriori-derived dietary patterns
	Clinical intervention studies on glycaemic index
	Clinical intervention studies on food groups

	Discussion
	Conclusions
	Funding
	Conflicts of interest
	Appendix A. Supplementary data
	References


