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Abstract

Two factors intrinsic to health are diet and sleep. These two behaviors may well influence one 

another. Indeed, that insufficient sleep adversely impacts dietary intakes is well documented. On 

the other hand, diet may influence sleep via melatonin and its biosynthesis from tryptophan. 

Experimental data exist indicating that provision of specific foods rich in tryptophan or melatonin 

can improve sleep quality. Whole diets rich in fruits, vegetables, legumes, and other sources of 

dietary tryptophan and melatonin have been shown to predict favorable sleep outcomes. Although 

clinical trials are needed to confirm a causal impact of dietary patterns on sleep and elucidate 

underlying mechanisms, available data illustrate a cyclical relation between these lifestyle factors. 

We recommend adopting a healthful diet to improve sleep, which may further promote sustained 

favorable dietary practices.
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INTRODUCTION

Poor sleep health is endemic in the United States today, with over one-third of adults 

failing to achieve adequate sleep duration of ≥7 h/night (57) and a similar proportion (35%) 

reporting habitual sleep quality that is less than ideal (77). This is a growing public health 

concern given that both short and poor sleep are consistently linked with heightened risk 

for cardiometabolic diseases, including obesity (20, 29, 90), type 2 diabetes (50, 100), 

and cardiovascular disease (19, 46, 52). These findings have led to a statement from 
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the American Heart Association recommending that sleep be highlighted in campaigns to 

improve cardiovascular health (108).

Diet quantity and quality undeniably influence the risk of cardiometabolic disorders and 

are the focus of lifestyle interventions to manage this risk. Findings of observational and 

experimental studies consistently support a role of sleep in determining dietary choices and 

intakes (26, 106). The influence of inadequate sleep on food intake results in a dietary 

profile that is linked with increased risk of cardiovascular and metabolic diseases (108). 

Indeed, short sleep duration and poor sleep quality have been associated with adverse dietary 

behaviors, including higher intakes of energy, fat, and sweets as well as lower intakes of 

foods shown to have health benefits, including vegetables, fruits, and whole grains (25, 26, 

48, 72, 134).

Despite intervention studies highlighting a pathway by which sleep influences diet, one 

cannot ignore the fact that epidemiological findings of an association between sleep 

duration/quality and diet (26) are nondirectional. It is equally possible that associations 

between sleep and diet instead reflect a role of diet in modulating sleep quality. Thus, in 

this review, we aim to evaluate the cyclical nature of the sleep–diet relationship in adults. 

In the first instance, we provide an overview of the extensively reviewed adverse impact of 

inadequate sleep on dietary intakes (3, 18, 26, 106, 108). We then direct the focus of this 

review to the alternate proposition, that intake of healthful foods and high overall dietary 

quality improve sleep. To establish the biological plausibility of this relationship linking 

food and sleep, we illustrate the biological pathways by which dietary nutrients can impact 

sleep health. We then build from biochemistry to behavior by reviewing epidemiological 

and clinical intervention studies evaluating the effects of specific foods and complete dietary 

patterns on sleep, with an emphasis on sleep quality. Finally, we propose future research 

directions in this field and highlight public health implications of the bidirectional sleep–diet 

relationship.

THE IMPACT OF SLEEP ON DIETARY INTAKES

Numerous studies have experimentally curtailed nightly sleep time in individuals with 

adequate habitual sleep duration (≥7 h per night) to assess effects on ad libitum food and 

energy intakes; these studies have been the subject of several meta-analyses and systematic 

reviews (3, 18, 31), as well as descriptive reviews by our group (105, 106) and others (23, 

26). Meta-analyses confirm that sleep restriction, generally limiting sleep to <5.5 h/night, 

increases energy intake relative to adequate habitual sleep (3, 18, 31). Beyond an impact on 

energy intake, there is also evidence of changes in the types of food consumed in response 

to short sleep. As summarized previously (3, 18, 31), trials show that sleep restriction 

leads to greater intake of fats, including saturated fat (110); promotes appetite for, and 

consumption of, carbohydrates (66, 103); and increases snacking (74). Taken together, these 

results suggest that reduced sleep decreases overall dietary quality.

Various mechanisms have been proposed to explain changes in dietary intakes in response to 

reduced sleep duration. These have ranged from increased opportunity to eat due to added 

wake time (83) to alterations in appetite-regulating hormones, mostly leptin and ghrelin but 
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also adiponectin, glucagon-like peptide 1, and orexin (56); reward valuation of food (24); 

and taste perceptions (59, 114) (Figure 1). There is increasing consensus that data related to 

hormonal regulation of eating, via changes in leptin and ghrelin, following sleep restriction 

are less consistent than those related to reward valuation (24, 94).

Indeed, studies of the influence of sleep restriction on hormonal regulation of food intake 

have yielded inconsistent results over the years (38, 105). In a recent extension of this 

body of work, Rihm et al. (95) failed to show evidence for a hormonal modulation of 

functional connectivity between reward and food regulatory centers of the brain (amygdala 

and hypothalamus) resulting from 1 night of total sleep deprivation. In that study, the authors 

reported a selective increase in subjective valuation of snack food rewards and amygdala 

and hypothalamus activity in response to food images after a night of total sleep deprivation 

compared to adequate sleep but no change in appetite-regulating hormones and metabolites 

(total and acyl ghrelin, leptin, insulin, cortisol). Increased reward valuation of food, reported 

as increased food craving scores, has been reported following 1 night of sleep restriction 

in women (129). Similarly, we found that 5 nights of sleep restriction led to increased 

activation in brain reward regions in response to energy-dense food stimuli (111). These 

findings suggest that, relative to physiological drivers of hunger and fullness, increased 

hedonic drive for foods may explain shifts toward poor diet quality following periods of 

inadequate sleep.

Changes in taste sensitivity have also been proposed to contribute to the impact of sleep 

restriction on food intake. One study reported an increase in preferred concentration 

of sucrose and sucralose with sleep restriction (114), while another reported a positive 

association between sleepiness, assessed by questionnaire, and intensity of umami and sour 

tastes (59). These studies suggest that sleep restriction could alter food choices by changing 

taste perceptions. For example, one might expect increased intakes of sweet foods to satisfy 

a desire for sweet tastes and lower intakes of foods with umami and sour tastes, which are 

often protein-rich foods, dairy, and fruits and vegetables, due to a lower intensity threshold 

for these tastes following periods of insufficient sleep. This supports early findings of 

increased ratings for desire to eat sweet foods but not meat and dairy after a period of sleep 

curtailment (103). However, these results must be interpreted cautiously because they were 

not paired with measures of food intake.

While the experimental studies reviewed to this point clearly demonstrate adverse dietary 

consequences of short sleep, it is also important to determine whether improvements in 

sleep can have favorable effects on diet. This is an evolving area of research, with most 

preliminary studies designed to extend sleep in short sleepers as a means to improve diet­

related outcomes. Results of two pilot studies suggest a potential benefit of sleep extension 

to improve diet quality (2, 115). One study found that provision of a personalized sleep 

hygiene intervention, which extended sleep duration by 1.5 h for 2 weeks, led to significant 

reductions in appetite, highlighted by reduced desire for sweet and salty foods (115). The 

other study achieved an increase of 0.33 h of sleep over 4 weeks and reported reductions in 

total carbohydrate and free sugar intakes (2). Although further investigation into the effects 

of sleep extension on diet quantity and quality is needed, preliminary results are suggestive 

of improvements in dietary intakes with increases in sleep duration.
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There is strong evidence that inadequate sleep has a detrimental effect on dietary 

choices and intakes, while improvements in sleep could ameliorate dietary outcomes. 

Recommendations to improve sleep quality and duration could therefore have clear public 

health relevance, since diet is a key predictor of cardiovascular health outcomes (4). In 

considering approaches to improve sleep health, it is pertinent to introduce the possibility 

of a cyclical relation of diet and sleep (Figure 1). While sleep is shown to impact dietary 

intakes, there is emerging interest in a role of diet in modulating sleep health, with recent 

reviews postulating various underlying mechanisms (23, 109, 112). Below, we highlight 

biological plausibility as well as epidemiological and clinical evidence for the diet-to-sleep 

directionality.

THE INFLUENCE OF DIETARY INTAKES ON SLEEP: BUILDING FROM THE 

BASICS

Serotonin and Melatonin in the Regulation of Sleep

Melatonin is often regarded as the main hormonal modulator of the sleep–wake cycle. 

Released by the pineal gland in response to darkness, melatonin acts as a circadian signal to 

systemic processes through its actions on the suprachiasmatic nucleus (104, 133). Melatonin 

secretion follows a circadian pattern with low levels during the day, which start to rise 

in the evening to promote sleep onset. Indeed, an acute rise in sleep propensity occurs 

approximately 2 h after the release of endogenous melatonin, increasing one’s ability to fall 

asleep (118).

Serotonin, unlike melatonin, is a neurotransmitter. Once thought to be the primary 

neurotransmitter of sleep (88), the role of serotonin in the sleep–wake cycle is now 

understood as more complex, being involved in various processes necessary for both sleep 

and wake. Serotonin has been hypothesized to regulate neuronal activity in the ventrolateral 

preoptic area of the brain, the main structure responsible for inducing slow-wave sleep 

(SWS) (91). High levels of neuronal activity in this region during sleep suggest a role 

of serotonin in the induction of the sleep cycle. On the other hand, the raphe nucleus, 

the epicenter of serotonin synthesis and release in the brain, is most active during wake, 

with activity reduced during SWS and stopped during rapid-eye movement (REM) sleep 

(71). This somewhat paradoxical relation between serotonin and raphe nucleus activity has 

contributed to the postulation that serotonin may participate in the homeostatic process of 

sleep–wake, marking the duration and intensity of wake, which then initiates a cascade of 

events that trigger sleep onset (119). These differential effects of serotonin on sleep–wake 

may be attributed to different receptor activities and brain regions. The two main serotonin 

sleep–wake receptors are 5-HT1A and 5-HT2. The 5-HT2 receptors, in the thalamic reticular 

nucleus, cortical cells, and reticular nucleus cells, promote wake. The 5-HT1A receptors, 

found postsynaptically on many neurons and somatodendritically on dorsal raphe neurons, 

also promote wake and reduce REM, while those receptors in the basal forebrain facilitate 

sleep and SWS (119). Furthermore, the position of serotonin in the biosynthesis pathway of 

melatonin, as highlighted in the next section, further supports a sleep-promoting effect of 

this neurotransmitter.
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Synthesis of Serotonin and Melatonin from Nutrients

In humans, endogenous melatonin is exclusively produced from dietary tryptophan (132), 

but only a small portion (1–2%) of this dietary tryptophan is converted to melatonin via 

the serotonin pathway (8). Tryptophan is an essential amino acid found mostly in animal 

products, such as beef, lamb, pork, poultry, and dairy, as well as in nuts and seeds, whole 

grains, and legumes (Table 1). Protein breakdown during digestion releases amino acids for 

transport to the liver prior to their distribution to other organs. The majority of tryptophan 

is transported bound to albumin with trace amounts remaining free in the circulation (82). 

This ratio of free to bound tryptophan modulates crossing through the blood–brain barrier 

(81), which is critical for its role in serotonin and melatonin biosynthesis. Passing of 

tryptophan through the blood–brain barrier is a complex process, since the active transport 

of amino acids to the brain is available to all large neutral amino acids (LNAAs) and not 

specific to tryptophan. Tryptophan must therefore compete with other LNAAs, often more 

widely available in the food supply, for transport into the brain. A greater proportion of 

tryptophan would be available for serotonin and melatonin synthesis if these competing 

amino acids were shunted to peripheral tissues. This can be achieved by insulin release, 

which promotes protein synthesis in muscle. Indeed, insulin shunting effectively reduces 

the pool of LNAAs reaching the brain, freeing transporters for tryptophan binding (32). 

Therefore, in theory, consumption of carbohydrates along with tryptophan-rich foods could 

enhance tryptophan entry into the brain (81), consequently promoting the biosynthesis of 

serotonin and melatonin.

Once in the brain, tryptophan conversion to serotonin is the first step toward melatonin 

synthesis (132) (Figure 2). Serotonin is then converted to melatonin via two enzymatic 

reactions (30, 132) that require B vitamins and magnesium as cofactors. Once melatonin 

is produced in the pineal gland, it is released into the blood for circulation (12, 86). 

Biosynthesized melatonin, as well as dietary melatonin, is then rapidly metabolized 

and undergoes urinary excretion as 6-sulfatoxymelatonin following hepatic deactivation. 

Expectedly, melatonin metabolism occurs primarily at night as evidenced by the high level 

of its metabolite, 6-sulfatoxymelatonin, in urine samples collected overnight (12).

DIETARY COMPONENTS INVOLVED IN THE BIOCHEMICAL PATHWAYS 

REGULATING SLEEP

Given the processes of serotonin and melatonin biosynthesis in the body, it is biologically 

plausible for foods to influence sleep quality. Tryptophan is an amino acid that is derived 

from food sources, and serotonin and melatonin have also been detected in foods (Table 1) 

(7, 14, 30, 93, 113). Therefore, consumption of foods rich in these dietary components may 

have a positive effect on sleep (Figure 1). Of interest are foods that can improve nightly 

sleep outcomes, such as longer sleep duration, greater sleep efficiency (percent of time 

in bed spent asleep), shorter sleep onset latency (time it takes to fall asleep), and fewer 

awakenings at night, as well as self-reports of better general sleep quality. These outcomes 

are assessed in research using subjective measures, such as questionnaires (used mostly in 

large-scale epidemiological studies), and objective measures, such as actigraphy (wrist-worn 

accelerometers that detect periods of inactivity and activity) and polysomnography (the 

Zuraikat et al. Page 5

Annu Rev Nutr. Author manuscript; available in PMC 2022 October 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



gold-standard measure of sleep for diagnosis of sleep disorders such as sleep apnea and 

restless leg syndrome, which provides information on sleep stages such as REM and SWS). 

Clinical trials using objective measures of both sleep and diet can provide the most detailed 

insight into the causal impact of an exposure, such as diet, on sleep.

Effects of Tryptophan-Rich Foods on Sleep Parameters

Because LNAAs can impact tryptophan availability, consideration of the ratio of tryptophan 

to other amino acids is necessary in assessing the influence of protein consumption on sleep. 

Alpha-lactalbumin (α-LA), present in whey, a protein in milk, has been shown to increase 

plasma tryptophan-to-LNAA ratio (65) and increase tryptophan’s uptake into the brain (81). 

After a period of food restriction, which increased wakefulness and decreased SWS in rats, 

refeeding with diets varying in amount and/or quality of α-LA was found to impact sleep 

propensity (70). Refeeding with milk protein rich in α-LA (tryptophan-to-LNAA ratio of 

8.95) decreased wakefulness and increased SWS within 1 day of refeeding. In contrast, it 

took 4–6 days to achieve these improvements in sleep when refeeding with diets providing 

lower tryptophan-to-LNAA ratios. These findings suggest that sleep disturbances resulting 

from dietary behaviors, such as fasting, can be attenuated by enriching diets with α-LA.

In humans, however, studies of α-LA supplementation provide conflicting results. In one 

study, the effect of α-LA on sleep was evaluated in university students, half of whom 

reported poor sleep and the other half reported good sleep. All participants completed two 

sessions in a counterbalanced order separated by a washout period (64). In one session, 

the evening meal was consumed with a milkshake rich in α-LA (20 g), which was 

followed by a second milkshake 1 h later. In the other session, placebo milkshakes were 

provided. Sleepiness was assessed by questionnaire prior to bedtime and in the morning after 

awakening. There was no difference in sleepiness ratings at bedtime between conditions. 

The following morning, all participants in the α-LA milkshake group reported being less 

sleepy compared to the placebo milkshake condition, and these results did not differ 

between those entering the study with poor versus good sleep. While this study obtained 

only subjective measures, a separate randomized, double-blind, placebo-controlled study 

assessed sleep using actigraphy following consumption of an α-LA-rich protein shake for 2 

nights (79). Ten healthy young males with adequate sleep duration and no sleep complaint 

participated in this pilot study. Shakes containing 20 g α-LA or placebo (sodium caseinate) 

were consumed 1 h before bedtime. Total sleep time was longer and sleep efficiency 

higher following α-LA supplementation relative to placebo. Another short-term study tested 

the effect on sleep of consuming 40 g α-LA compared to collagen peptide 2 h before 

bedtime for 3 days each in trained cyclists (60). No differences in actigraphy-measured 

sleep outcomes were observed between conditions. Whether protein supplements in the 

form of nutritional shakes should be consumed to improve sleep remains to be determined. 

The studies reported herein were short in duration (1–3 days) and may not reflect effects 

of longer consumption periods. Moreover, participants are generally young and healthy, 

without sleep complaints. Such a population would not be the target of dietary interventions 

to improve sleep, and research is needed to establish efficacy in those who stand to benefit 

from such interventions.
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Tryptophan supplementation in other food types has also been studied. The effect of 

tryptophan-enriched cereals on sleep was assessed in an elderly population (55–75 years) 

(11). In the first week, participants consumed control cereals providing 22.5 mg of 

tryptophan per 30 g, twice per day, as part of their usual diet, followed by 1 week of 

consuming 2 daily servings of 30 g of cereals enriched with 60 mg/serving of tryptophan 

and a final week in which participants returned to their habitual diet. Compared to the 

low-tryptophan cereal diet, consumption of a high-tryptophan cereal for 1 week increased 

actigraphy-measured sleep duration and efficiency and reduced sleep onset latency, wake 

bouts, total activity, and sleep fragmentation. Excretion metabolites of melatonin (6­

sulfatoxymelatonin) and serotonin (5-hydroxyindoleacetic acid) were significantly increased 

after 1 week of consumption of the high-tryptophan cereal. The observed results were 

therefore attributed to increases in both melatonin and serotonin synthesis following 

increased tryptophan consumption within a carbohydrate-rich food.

Dairy products are natural sources of tryptophan (Table 1), and the influence of milk-based 

drinks on sleep parameters has been tested. For example, improvement in self-reported 

sleep quality was observed after twice-daily intake of a milk-honey beverage consisting 

of 150 mL of low-fat milk and 30 g of honey, compared to placebo, for 3 days in 

hospitalized acute coronary syndrome patients (28). It is possible that honey, a source of 

carbohydrates, improved tryptophan availability for uptake into the brain for melatonin 

synthesis, as explained in the section above. However, no objective measures of sleep or 

melatonin metabolites were obtained in this study. Another study showed that fermented 

milk consumption, at a level of 100 g/day for 3 weeks, improved sleep efficiency and 

number of awakenings (measured using wrist actigraphy) compared to placebo (acidified 

milk) with similar nutritional composition in healthy elderly participants (128). These 

findings suggest that milk-based drinks could have beneficial effects on sleep quality, 

although mechanisms have not yet been elucidated.

Effects of Serotonin-Rich Foods on Sleep Parameters

Very little information is available regarding the serotonin content of foods and, 

consequently, studies related to sleep-promoting effects of food sources of this 

neurotransmitter are limited. Kiwifruit has been noted as a dietary source of serotonin and 

studied in the context of poor sleep. In one study, participants ate two kiwifruits per day 

for 4 weeks, ~1 h before bedtime (55). Objective and subjective measures of sleep were 

taken. Total sleep time and sleep efficiency, measured with actigraphy, increased after the 

4-week intervention whereas sleep onset latency and time awake after sleep onset decreased. 

Subjective measures of sleep also showed improvements with kiwifruit consumption. A 

key limitation of this study is the lack of a control group. However, this was corrected in 

another study that investigated the effects of kiwifruit consumption on chronic insomnia 

(75). Chronic insomnia is the presence of sleep complaints, such as difficulty falling asleep, 

difficulty maintaining sleep, or waking up too early despite ample opportunity for sleep, 

that occur ≥3 times per week for at least 3 months (15). Patients report nonrestorative sleep 

and daytime fatigue, sleepiness, poor attention/concentration, memory impairment, and/or 

physical pain (e.g., headaches, gastrointestinal symptoms). In this randomized, controlled 

trial (75), 74 students with chronic insomnia symptoms were instructed to eat either a 
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kiwifruit or a pear (a fruit without serotonin) 1 h before bedtime every night for 4 weeks. 

When compared to the control group, the kiwifruit group experienced improvements in sleep 

quality and daytime functioning assessed by questionnaire, demonstrating possible sleep­

promoting properties of kiwifruit. No differences in actigraphy-measured sleep outcomes 

were noted between groups.

Although these trials demonstrate favorable sleep outcomes in response to ingestion of 

kiwifruit (55, 75), with effects attributed to the serotonin content of the fruit, studies lacked 

measurement of metabolites of melatonin, the sleep-promoting product of serotonin. We 

are not aware of data showing that dietary serotonin serves as a substrate for melatonin 

synthesis. Therefore, the physiological plausibility of ascribing the effects of kiwifruit on 

sleep directly to its serotonin content is questionable. However, serotonin is metabolized 

in peripheral organs (78) and could have indirect effects on sleep via its metabolites or 

gut–brain interactions. This remains to be determined.

Effects of Melatonin-Rich Foods on Sleep Parameters

The melatonin content of foods has been better characterized than serotonin content 

(99). Some foods that are particularly rich sources of melatonin include fruits and nuts, 

specifically tart cherries, tomatoes, strawberries, almonds, and walnuts (Table 1). Tart 

cherries are of particular interest in sleep research because they contain tryptophan, 

serotonin, and melatonin.

One randomized, double-blind, placebo-controlled crossover study of healthy middle-aged 

(35–55 years) and elderly (65–85 years) men and women tested the effect of seven 

different Jerte Valley cherry cultivars (Ambrunés, Bourlat, Navalinda, Pico Limón, Pico 

Colorado, Pico Negro, and Van), consumed as fresh fruit, on total urinary melatonin 

(as 6-sulfatoxymelatonin) and sleep parameters (41). Intake of all cultivars, at a level of 

200 g/day, twice daily for 3 days, increased urinary 6-sulfatoxymelatonin in both middle­

aged and elderly adults. Additionally, in middle-aged adults, all cherry cultivars but one, 

Ambrunés, increased sleep duration, and some cultivars reduced nighttime awakenings 

(Pico Limón and Pico Colorado) and sleep onset latency (Navalinda and Pico Negro), 

measured using wrist actigraphy. Of note, this study did not include a non-cherry control 

period. In a separate study of young (20–30 years), middle-aged (35–55 years), and elderly 

(65–86 years) adults, the same research group found that consumption of a Jerte Valley 

cherry-derived beverage made from four different cultivars (equivalent to 141 g of fresh 

cherries) twice daily for 5 days increased 6-sulfatoxymelatonin for all age groups relative 

to baseline (40). Actigraphy-measured total sleep time increased, and number of nighttime 

awakenings decreased, relative to baseline in all age groups with consumption of the tart 

cherry beverage. Sleep onset latency was reduced relative to baseline only in middle-aged 

and older adults, while sleep efficiency increased only in older adults. No changes in 

6-sulfatoxymelatonin or sleep were observed after consumption of the placebo. Notably, the 

authors failed to report whether changes in outcomes differed between cherry treatment and 

placebo in this placebo-controlled study.

Montmorency tart cherry juice has also been evaluated as a sleep aid. Montmorency cherries 

are the most commonly grown tart cherries in the United States (49). One study enrolled 
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young healthy men and women (18–40 years) and randomized them to tart cherry juice 

concentrate (equivalent to 90–100 tart cherries) or placebo, twice daily, 30 min after 

awakening and 30 min prior to the evening meal, for periods of 7 days each (44). Sleep 

was measured using wrist actigraphy. Urinary 6-sulfatoxymelatonin increased with cherry 

juice consumption relative to baseline and placebo. Total sleep time and sleep efficiency 

increased more with tart cherry juice treatment than with placebo. Pigeon et al. (87) 

extended this work by testing the impact of Montmorency tart cherry juice on self-reported 

symptoms of insomnia in individuals over the age of 65 years. At the start of the study, all 

participants reported insomnia complaints >3 nights/week for at least 6 months, a score ≥10 

on the Insomnia Severity Index, and time awake after sleep onset of ≥30 min. Participants 

consumed 8 oz tart cherry juice or placebo between 8:00 and 10:00 AM and again 1–2 h 

before bed every day for 2 weeks. Sleep was assessed by questionnaire and diary. Compared 

to placebo, tart cherry juice reduced insomnia ratings and time awake after sleep onset. 

No other improvements were noted in measures of sleep (duration, efficiency, latency) or 

fatigue, depression, and anxiety. Another study in middle-aged to older adults (≥50 years) 

with chronic insomnia tested the impact of Montmorency tart cherry juice consumption on 

sleep (58). Participants reported insomnia complaints >3 nights/week and a score ≥10 on the 

Insomnia Severity Index. Eight participants completed the study, in a randomized crossover 

design, which involved daily consumption of 240 mL of tart cherry juice or placebo in 

the morning and 1–2 h before bedtime for 2 weeks. Compared to placebo, tart cherry 

juice consumption increased total sleep time, measured by polysomnography, and improved 

self-reported ratings of sleep quality. These studies suggest that tart cherry products may 

improve sleep, with particular benefit to older adults and those with sleep problems.

Mammalian milk is also a source of melatonin, with its content varying with circadian 

time (89). In cows, for example, milking at night produces milk that is naturally higher 

in melatonin than milking during the day (69). A potential influence of consuming high­

melatonin milk, produced via nighttime milking, on sleep was tested in patients with 

primary insomnia (17). In this randomized crossover study, patients consumed 30 g of 

high-melatonin milk (85.5 pg/mg) or low-melatonin milk (8.8 pg/mg) 30 min before bedtime 

for 3 weeks each. Minimal changes in objective sleep parameters were observed; moreover, 

only 8 of 19 patients reported that night milk improved their sleep. Another crossover study 

in an elderly population at varying levels of cognitive impairment showed no effect of 

nighttime milk consumption (5–20 ng melatonin daily) on sleep quality compared to placebo 

(normal commercial milk) (121). Results of these studies suggest limited efficacy of natural 

increases in melatonin content of milk in improving sleep quality, at least in populations 

with, or at risk for, disordered sleep.

Tomatoes are another rich source of melatonin, the content of which varies by season, 

year, and species. Beefsteak tomatoes are a particularly good source of dietary melatonin 

(130) and have been assessed for their influence on sleep. Postmenopausal women with 

poor sleep were randomized to consume 250 g of beefsteak tomatoes or no tomatoes, 2 h 

before bedtime, for 8 weeks (130). All women were counseled to consume five servings of 

fruits and vegetables per day. Sleep and diet were assessed at baseline and 8 weeks using 

questionnaires. No dietary differences, other than tomato consumption, were found between 

the two groups. Total sleep quality score and sleep onset latency, measured by the Pittsburgh 
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Sleep Quality Index, were improved to a greater extent in women randomized to the tomato 

group compared to those in the control group. In addition, 6-sulfatoxymelatonin levels were 

ten-fold higher at 8 weeks in women in the tomato group. This study showed that increased 

dietary intake of melatonin from foods increases circulating melatonin concentrations and 

leads to improvements in sleep. However, sleep was assessed only by questionnaire and 

blinding could not be done, raising concerns about potential for bias.

Studies described to this point showed variable effects of consumption of different beverages 

and foods on sleep. It is important to note that the metabolism of proteins, serotonin, 

and melatonin is interrelated and dependent on the presence of other dietary components. 

These relationships pose challenges for extrapolating effects of these compounds from food 

sources. Therefore, many of the results observed were likely not due to a single dietary 

factor but rather represent the aggregate effects of the biochemical pathways. Furthermore, 

studies differ in their participant population (young/elderly, healthy/sleep disordered), 

treatment duration (days/weeks), treatment allocation (once/twice daily, morning/evening), 

and type of sleep measure (subjective/objective). These methodological differences hinder 

our ability to make definitive conclusions about the efficacy of these various foods to 

improve sleep health.

DIETARY PATTERNS AS PREDICTORS OF SLEEP QUALITY

The studies reviewed in the previous section establish proof of principle for an impact 

of diet on sleep outcomes. However, functional foods are often consumed alongside other 

foods comprising a broad range of nutrients within the context of a whole diet. Therefore, 

an important next step is to evaluate relationships between parameters of sleep quality 

and common dietary patterns that incorporate food sources of sleep-promoting compounds 

(highlighted in Table 1 and in the previous sections).

Our understanding of the biochemical pathways implicating dietary components in sleep 

regulation demonstrates mechanisms by which dietary patterns may impact sleep. Key to 

these mechanisms is the notion that the tryptophan-to-LNAA ratio, which determines brain 

uptake of tryptophan (126), relies on carbohydrate consumption (33). As mentioned above, 

insulin released as a result of carbohydrate consumption promotes LNAA uptake by cells, 

thereby raising the relative abundance of tryptophan that can cross into the brain and initiate 

the cascade of events toward melatonin synthesis. It is therefore plausible that sleep could 

be promoted by ingestion of foods with a macronutrient profile that, when metabolized, 

increases circulating tryptophan relative to LNAA, even if the dietary pattern itself is not 

rich in tryptophan. This is particularly relevant for diets that reflect a Mediterranean pattern 

(MedDiet) or that vary in carbohydrate quality (10, 127), for example, dietary glycemic 

index (GI).

Dietary Glycemic Index

The GI of a food is a standardized measure of circulating glucose levels following 

consumption of 50 g of that food, measured on a scale of 0–100 with 100 representing 

the GI of pure glucose or white bread (the reference foods) (47). A low-GI food is one 

for which postprandial glucose is much less than that of the reference food and usually 
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scores <50, whereas high-GI foods have values of 70 and above; GI scores in between are 

considered intermediate. Dietary glycemic load is a composite measure of the GI of total 

carbohydrates consumed in the diet (6, 37) and is calculated as the product of GI and net 

carbohydrates (not including fiber) divided by 100.

A cross-sectional study conducted among nearly 2,000 Japanese men and women assessed 

habitual intakes of commonly consumed high-GI foods (rice, bread, and noodles) and 

overall dietary GI in relation to self-reported sleep quality (131). Results showed that 

higher intakes of rice and higher overall GI were associated with lower subjective sleep 

quality scores, indicative of better sleep quality, whereas the opposite was found for noodles 

(131). These findings highlight the complexity of GI. The GI of a food is evaluated when 

consumed in isolation, whereas meals contain multiple foods. The concomitant consumption 

of other foods, which can delay or hasten carbohydrate absorption, as well as the cooking or 

processing method and food ripeness influence GI. Furthermore, a food’s GI is established 

when 50 g of the food is consumed, which may not reflect usual amounts consumed.

In the only epidemiological study of dietary GI and sleep in a US population, findings 

revealed an association between high GI and insomnia (39). Using data collected from 

the Women’s Health Initiative, cross-sectional and prospective associations of dietary GI, 

glycemic load, and different forms of carbohydrate with insomnia were evaluated in over 

70,000 and 50,000 women, respectively. Higher dietary GI was associated with higher 

odds of prevalent insomnia and incident insomnia at 3-year follow-up (39). Moreover, this 

study provided key insight into a role for carbohydrate quality in determining risk for 

disordered sleep patterns, as higher intakes of added sugars and refined grains predicted 

higher insomnia risk, while higher intakes of fruit and fiber were associated with favorable 

sleep quality outcomes.

The contrast between the two available observational studies is stark (39, 131); however, 

careful consideration of the differences between these studies leads to some possible 

explanations. First, the study conducted among Japanese adults was cross-sectional (131) 

and thus cannot indicate directionality. It could be the case that short sleep predisposes 

individuals to greater intakes of high-GI foods, and, consequently, to a higher dietary 

GI. Indeed, adolescents have been found to increase the GI of their diet in response to 

experimental sleep curtailment (9). Results of prospective analyses from the Women’s 

Health Initiative allow for determination of directionality; when diet is evaluated as the 

exposure, results clearly indicate that poor sleep is downstream of higher dietary GI in that 

sample of women (39). It is also noteworthy that the study populations differed from one 

another in numerous respects. For example, habitual dietary patterns in Japanese populations 

are distinct from Western diets. As noted by the authors, the GI of a typical Japanese 

diet is quite high and, in some cases, is nearly 1.5 times that of a common US diet 

(131). These differences in GI of the habitual diet may impact macronutrient metabolism 

in a way that differentially affects tryptophan availability. Another possibility implicates 

cross-cultural differences in habitual consumption of food sources rich in nutrients that 

serve as key cofactors in the metabolism of tryptophan to melatonin. Future epidemiological 

investigations of associations between GI and sleep quality would benefit from including 
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assessment of dietary sources of foods containing these nutrient cofactors as well as 

measurement of melatonin metabolites.

Further insight into the GI–sleep relation can be gained from experimental studies. Two 

studies have evaluated effects of the GI of a meal on sleep quality (1, 124). In one 

study, healthy men were served an evening meal (4 h before their usual bedtime) that 

was either high or low in GI (1). The high-GI diet was characterized by 72% of energy 

from carbohydrates, 15.5% from protein, and 12.5% from fats, while the low-GI diet 

contained <1% of energy from carbohydrates, 38% from protein, and 61% from fats. Sleep 

onset latency, measured by polysomnography, was reduced to a greater extent following 

consumption of the high-GI meal. Although no differences were observed between the high- 

and low-GI conditions for most sleep parameters, subjective sleepiness prior to bedtime was 

higher in the high-GI condition. This study provided initial evidence of a sleep-promoting 

role of a high-GI meal consumed in the evening. However, it is notable that meal GI did not 

affect levels of 6-sulfatoxymelatonin (1), bringing into question whether results were driven 

by increased melatonin production in response to a high-GI meal. A subsequent study, which 

was also conducted among men, tested whether the GI of a postexercise evening meal (a 

low GI of 52 versus a high GI of 109) impacted sleep quality among recreational athletes 

(124). Overnight polysomnography demonstrated that total sleep time was longer following 

the high-GI meal compared with the low-GI meal. This difference in sleep duration was 

driven by longer sleep onset latency and greater time awake after sleep onset in the low-GI 

meal condition. Sleep stages, percent of time spent in light versus deep sleep, did not differ 

between conditions (124).

These experiments seem to confirm a role of GI in sleep promotion (1, 124), but the findings 

need further replication. First, both studies comprised only men, and both evaluated sleep 

only in response to variations in GI of a single meal. Moreover, in both studies, the test meal 

was served in the evening, 4 h (1) and 2 h (124), respectively, before usual bedtime. Meal 

timing is known to impact the circadian system and downstream physiological processes 

(84) and could be an important factor in determining the effects of low- and high-GI meals 

on sleep quality. These studies also provided limited insight into the mechanisms underlying 

GI effects on sleep parameters, as they lack data on the ratio of circulating tryptophan to 

LNAAs, and available data on melatonin metabolites yielded null results. More studies, 

both experimental and observational, are needed to evaluate a potential complex interplay 

between timing and GI content/glycemic load of meals, as well as the pathway linking 

dietary GI with sleep.

Mediterranean Dietary Patterns

While the potential impact of dietary GI on sleep relies on brain uptake of tryptophan and 

the mediating role of insulin (1, 10), dietary patterns that promote intakes of foods rich in 

melatonin could have a more direct influence on sleep quality. MedDiet is characterized 

by high intakes of fruits, nuts, and whole grains, which are notable sources of melatonin 

(Table 1), as well as fish, olive oil, red wine, and limited amounts of dairy, poultry, and red 

meat (117). We have previously suggested a potential sleep-promoting role of a MedDiet 

(107, 112), and the literature on this topic has grown substantially since. Despite increasing 
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interest in a possible influence of this dietary pattern on sleep quality, the majority of 

available studies are cross-sectional in nature. While these studies cannot confirm that 

adherence to a MedDiet precedes good sleep quality, they do provide an essential foundation 

from which to build and test hypotheses of a causal relationship.

To our knowledge, the earliest evidence of a relation between adherence to a MedDiet 

and sleep quality came from an exploratory investigation into lifestyle behaviors that could 

lower the risk for insomnia in aging populations (45). In this study, conducted among 

nearly 6,000 French men and women, consumption of a MedDiet, versus not consuming 

a MedDiet, was associated with significantly lower odds of having one or two insomnia 

symptoms in women, but not in men (45). Another cross-sectional evaluation demonstrated 

that greater compliance with a MedDiet was associated with better subjective sleep quality 

in elderly adults from Greece (62). While sex differences were not observed in this study, 

results suggest that the MedDiet–sleep quality association may not persist beyond age 

75. Interestingly, a study of 970 men aged >70 years also found no association between 

adherence to a traditional MedDiet and ability to initiate or maintain sleep (122). From these 

studies of elderly individuals, it is difficult to discern whether MedDiet adherence is linked 

with sleep quality, as results could be confounded by other health-related issues that occur 

with aging.

Cross-sectional associations of conformity with a MedDiet and general sleep quality are 

more consistently observed in middle-aged and younger adults. Observational data from 172 

Italian men and women, with an average age of 52 years, showed that greater adherence to a 

MedDiet was related to better sleep quality (73). In addition, intakes of specific components 

of the MedDiet, including greater consumption of fruits, vegetables, and tree nuts, were 

related to better sleep quality. These favorable associations of fruits and vegetables with 

sleep quality have been corroborated in other cross-sectional investigations of diet and sleep 

(25, 48, 72, 76). Results of the study by Muscogiuri and colleagues (73) were extended in 

a cohort of 1,314 men and women aged 18 years and older from Italy, as associations of 

a MedDiet with both overall sleep quality and components of sleep quality were examined 

(42). Each one-point increase in MedDiet adherence score was related to 10% greater 

likelihood of having good overall sleep, including satisfactory sleep duration, sleep onset 

latency, and sleep efficiency. Investigation of individual foods in the diet revealed that high 

intakes of fruits and vegetables, among other components, were linked with higher odds of 

having good sleep quality, including shorter sleep onset latency and higher sleep efficiency. 

While both of these studies highlighted specific elements of the MedDiet linked with good 

sleep quality (42, 73), additional analyses from the study by Muscogiuri and colleagues 

suggested that overall adherence to the MedDiet pattern was a stronger correlate of sleep 

quality than any one particular component (73).

Results of cross-sectional studies seem to support a relation between MedDiet adherence 

and sleep quality; however, potential age-related differences cannot be ignored. Although 

there are limited data, null associations between this dietary pattern and sleep quality have 

been observed in very elderly men and women (62, 122), a population at heightened risk 

for insomnia and other sleep disorders (5). We can only speculate as to potential factors 

underlying these differences. One possibility is that synthesis of melatonin from dietary 
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tryptophan is attenuated in older individuals, as reductions in melatonin production in the 

pineal gland have been observed with aging (116, 125). Alternatively, increased morbidity 

and medication use in older adults may adversely affect sleep and obscure any potential 

influence of diet.

In order to elucidate the directionality of associations between MedDiet patterns and sleep, 

data from longitudinal studies have been leveraged. The earliest prospective assessment of 

MedDiet adherence with sleep quality was from the Study on Nutrition and Cardiovascular 

Risk in Spain (16). Results showed that higher MedDiet adherence was associated with 

lower odds of large increase or decrease in self-reported sleep duration over a 3-year follow­

up period, as well as lower odds of experiencing multiple symptoms of poor sleep quality. In 

addition, greater adherence to this MedDiet was related to reduced risk of experiencing the 

combination of large change in sleep duration with multiple symptoms of poor sleep (16).

Two studies from our group, the only available reports from US populations, confirm 

an association of a MedDiet with better sleep quality (21, 92). In the Multi-Ethnic 

Study of Atherosclerosis sleep ancillary study, higher adherence to a MedDiet at baseline 

was associated with 35% lower odds of having insomnia with short sleep (21), a 

combination consistently shown to increase risk for cardiovascular disease and mortality 

(123). Longitudinal analyses assessing the impact of an increase or no change in MedDiet 

adherence over time, compared to a decline in adherence, similarly showed a relation with 

lower insomnia risk at follow-up, 10 years later (21). In women representing all stages of 

adulthood, we evaluated for the first time the contribution of individual components of the 

MedDiet in predicting sleep quality (135). We found that greater adherence to a MedDiet at 

baseline was associated with better overall sleep quality, as well as higher sleep efficiency 

and fewer sleep disturbances after 1 year. Furthermore, greater baseline consumption of 

fruits, vegetables, and legumes, as well as fiber, was predictive of favorable sleep quality 

outcomes (135). Together, these prospective studies provide further evidence toward a causal 

influence of MedDiet adherence on sleep health and extend findings by demonstrating 

that this healthful dietary pattern, characterized by higher intakes of nutrient-rich fruits, 

vegetables, and legumes, may contribute to improvements in sleep quality (21, 135).

To our knowledge, only one experimental study has evaluated a potential causal effect of a 

MedDiet on measures of sleep quality (68). In this randomized, controlled trial, 22 women 

with fibromyalgia were assigned to 16 weeks of a standard MedDiet or MedDiet enhanced 

with walnuts (a source of dietary tryptophan and magnesium). Subjective sleep quality 

was measured pre- and postintervention. Improvements in sleep quality were noted in both 

groups, with no difference between groups, indicating an overall benefit of a MedDiet (68). 

However, these results must be interpreted with caution. No information was provided on 

baseline MedDiet adherence; therefore, whether conformity to a MedDiet was increased in 

response to the intervention is unknown. This restricts our ability to draw conclusions on the 

direct contribution of the MedDiet to observed changes in sleep quality. Moreover, this study 

lacked objective measures of sleep, which are needed for a more reliable and comprehensive 

assessment of changes in sleep quality and architecture, and a control group not following a 

MedDiet.
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Findings from epidemiological studies provide support for the hypothesis that a MedDiet 

pattern could improve sleep quality or attenuate risk for developing or worsening disordered 

patterns of sleep. While prospective designs allow for establishment of a temporal relation, 

there is a dearth of experimental evidence at present. As was the case with the GI–sleep 

relation, more clinical trials are needed to address two of the major limitations of current 

cohort studies: lack of objective diet measures and inability to determine causality. Despite 

the noted limitations, the studies reviewed on MedDiet adherence and sleep provide an 

essential framework for the development of rigorous intervention studies to investigate 

whether increasing adherence to a MedDiet can enhance sleep quality or reduce disordered 

patterns of sleep.

Dietary Approaches to Stop Hypertension and Dietary Inflammatory Index

Other dietary patterns that include nutrients or food sources similar to the MedDiet or 

low-GI diets have been examined in relation to sleep outcomes. These are scored by the 

Dietary Approaches to Stop Hypertension (DASH) index (102) and Dietary Inflammatory 

Index (DII) (22). Investigation of these dietary patterns in relation to sleep is in the nascent 

stages, but initial data are supportive of an association.

Data from the National Health and Nutrition Examination Survey showed that higher DASH 

scores were associated with greater daytime dysfunction (a component of poor sleep), 

although the association was attenuated following further adjustment for health factors (54). 

This relation may be due to fiber, which was positively related with sleep quality in women 

and young adults. Two studies conducted among adolescent girls in Iran also revealed that 

greater adherence to a DASH diet was related to lower odds of having insomnia symptoms 

(96) and daytime sleepiness (80).

Only one study examined the association between DII score and sleep (43). That study, in 

nearly 2,000 Italian adults free of sleep disorders, showed that higher DII scores, indicative 

of greater inflammatory potential of the diet, were associated with higher odds of poor 

overall sleep quality as well as more frequent sleep disturbances.

These very preliminary data suggest that healthful dietary patterns beyond MedDiet and 

low GI may also contribute to good sleep health. Higher DASH scores and lower DII 

scores can be achieved in similar ways as higher MedDiet adherence and lower dietary GI, 

including through higher intakes of fruits, vegetables, and legumes; therefore, these dietary 

patterns could potentially impact sleep through shared mechanisms. However, interpretation 

of epidemiological findings is limited given the cross-sectional design of available studies. 

Longitudinal data are needed to determine whether adherence to a DASH diet or a diet with 

low inflammatory potential is predictive of good sleep, and potential mechanisms should be 

evaluated via intervention and translational studies.

FUTURE DIRECTIONS, PUBLIC HEALTH RELEVANCE, AND 

RECOMMENDATIONS

Findings of the studies reviewed here have potentially large public health implications. Short 

sleep duration, poor sleep quality, and insomnia are increasingly recognized as risk factors 
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for cardiometabolic diseases (108). This recognition has led to consensus statements from 

various public health agencies and foundations encouraging the development and assessment 

of strategies to improve sleep (53, 108). Available evidence, reviewed here, highlights a 

potential role of dietary patterns as a modifiable lifestyle factor that could be leveraged to 

improve sleep health and also uncovers key avenues for future research.

Future Directions

The dietary pattern most consistently linked with favorable sleep outcomes is the MedDiet. 

Recent investigations using longitudinal data from large cohorts suggest that increasing 

adherence to a MedDiet may promote healthful patterns of sleep or reduce the risk for 

disordered patterns of sleep (16, 21, 135). However, an essential next step will be to develop 

clinical trials to test whether systematic changes in adherence to a MedDiet influence 

sleep patterns in comparison to a control group. Existing trials such as PREDIMED have 

demonstrated the feasibility of lifestyle changes to promote a MedDiet over sustained 

periods (27). Established protocols could be applied to populations with poor sleep health to 

evaluate downstream effects on sleep using both objective and subjective sleep measures.

As recommendations leveraging healthy dietary patterns to promote good sleep are 

developed, it will be important to identify the most potent drivers of effects. Several 

mechanistic pathways have been proposed, including the gut microbiome (112), 

inflammation (135), and dietary tryptophan and melatonin (107). However, few data are 

available on the biological underpinnings of the diet–sleep relation. Confirming these 

pathways in clinical trials will help to identify nutrients and food sources that should be 

promoted in whole diets. For example, fruits, vegetables, legumes, and nuts are often rich 

sources of tryptophan and melatonin (Table 1); are high in fiber, which is known to have 

favorable effects on gut microbial composition (61); and have anti-inflammatory properties. 

Indeed, intake of these foods is linked with good sleep quality in observational studies (42, 

73, 135). As mechanisms are further elucidated, effects of different sources of nutrients can 

be tested, leading to reliable dietary approaches tailored to improve sleep health. There is a 

need for additional information on the sleep-promoting nutrient content of foods, including 

but not limited to those identified in this review.

Another important goal of research will be to identify individual differences in the effect 

of diet on sleep, enabling use of precision nutrition to make data-driven recommendations 

for healthy sleep. Data from existing epidemiological studies suggest that age and sex 

may moderate associations of diet with sleep outcomes (62, 122). Beyond other adverse 

health consequences, aging is linked with increased risk for poor sleep (5), and this may be 

particularly pronounced in women (85). This signifies the need to test whether diet can be 

leveraged to improve sleep, as well as downstream health outcomes, in these at-risk groups.

Public Health Relevance and Recommendations

Up to 55% of US adults struggle with insufficient sleep, poor sleep quality, and/or sleep 

disorders (57, 77), highlighting the need for novel interventions to improve sleep. Shifting 

patterns of intake to achieve recommendations common to all healthful diets, including 

increasing intakes of nutrient-dense fruits and vegetables, represents a potential novel 
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strategy for individuals with poor sleep health. Although more work is needed to provide 

empirical evidence supporting efficacy of improving diet quality to ameliorate sleep, it is not 

premature for sleep health recommendations to encourage healthful dietary patterns.

While a variety of healthful diets could have beneficial effects on sleep health based on 

shared components, much of the current evidence, as noted above, is on the MedDiet. 

Estimates of associations between MedDiet adherence and sleep quality are often quite 

large (16, 21, 42, 73, 135), suggesting clinical significance. This is in contrast to more 

common interventions, including mindfulness meditation and melatonin supplementation, 

for which effect sizes are often small to moderate (13, 34, 97). Although a rather crude 

comparison of studies with very different designs does not necessarily suggest that dietary 

interventions should replace other approaches for sleep promotion, the comparison does 

demonstrate the potential utility of dietary strategies in the management of subclinical 

poor sleep. Furthermore, there is no risk to shifting dietary practices toward a MedDiet, 

as adherence to this dietary pattern is consistent with the dietary guidelines for Americans 

(120) and has been shown to promote other components of cardiovascular health (27, 67). In 

contrast, use of pharmaceutical agents to improve sleep can be accompanied by adverse side 

effects (35, 36). The potential benefits of this lifestyle modification are substantial, as effects 

on cardiovascular health (63, 67) could be augmented via promotion of healthful sleep.

An evidence-based recommendation for promoting sleep health would be to encourage 

individuals to increase intakes of fruits, vegetables, legumes, and other low-calorie-density 

foods, including fish and other lean animal protein sources, all of which are hallmarks of 

the MedDiet and other healthful dietary patterns (51, 98, 101, 117). In addition to being 

rich sources of sleep-promoting nutrients and contributing to better sleep, these foods have 

multiple cardiometabolic health benefits that can further enhance sleep quality.

The goal of these recommendations is to shift away from a vicious cycle of poor sleep 

prompting consumption of an undesirable diet that further propels poor sleep and overall 

health, toward a positive cycle where a healthful dietary pattern promotes good sleep and 

reduces the risk for chronic disease (Figure 1). Now is the time to replace the vicious cycle 

with a healthful one and leverage precision-nutrition approaches as we aim to improve the 

sleep health of the US population.
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Figure 1. 
The cyclical nature of the sleep–diet relationship. (a) Mechanisms by which sleep influences 

food selection and energy intake. Poor sleep increases sensitivity to food reward and may 

alter taste sensitivity or perception as well as release of appetite-regulating hormones, 

leading to selection of energy-dense foods and increased snacking. (b) Pathway by which 

a healthful diet rich in food sources of tryptophan, serotonin, or melatonin leads to 

good-quality sleep. The correct functioning of the sleep–wake cycle is promoted by 

melatonin, exclusively synthesized from dietary tryptophan, via serotonin, obtained from 

ingested foods. Melatonin is synthesized enzymatically by the sequential actions of four 

enzymes (TPH1/2, 5-HTP decarboxylase, AANAT, HIOMT) and requires Mg and B 

vitamins as cofactors. Abbreviations: AANAT, arylalkylamine N-acetyltransferase; HIOMT, 

hydroxyindole-O-methyltransferase; 5-HTP, 5-hydroxytryptophan; Mg, magnesium; NAS, 

N-acetylserotonin; TPH1/2, tryptophan hydroxylase.
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Figure 2. 
Synthesis of sleep-related hormones from dietary factors. Dietary tryptophan is degraded 

via two parallel pathways: the kynurenine pathway and the serotonin pathway. Only 1–2% 

of dietary tryptophan is converted to serotonin in the brain. Tryptophan competes in active 

transport with LNAAs, while carbohydrates may increase tryptophan concentrations by 

stimulating insulin-mediated amino acid uptake in muscles. Consumption of α-LA increases 

tryptophan uptake in the brain. Vitamins B5 and B6 and Mg act as cofactors in the 

synthesis of serotonin and melatonin. Finally, melatonin in blood circulation is metabolized 

and secreted in the urine in the form of 6-sulfatoxymelatonin. Abbreviations: α-LA, 

alpha-lactalbumin; CHO, carbohydrates; Ins, insulin; LNAAs, large neutral amino acids; 

Mg, magnesium; Vit, vitamin. Green circles signify positive effect; red circles represent 

inhibiting effect; orange circles represent cofactors.
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Table 1

Dietary sources of tryptophan, melatonin, and serotonin (7, 14, 30, 93, 113)

Food source Amount (per 100 g) Amount (per serving) Serving size

Tryptophan

Dairy Cheddar 574 mg 233 mg 1.5 oz

Parmesan, grated 482 mg 205 mg 1.5 oz

Fish and other seafood Spiny lobster 368 mg 313 mg 3 oz

Octopus 334 mg 284 mg 3 oz

Crab 330 mg 281 mg 3 oz

Tuna 313 mg 266 mg 3 oz

Snapper 294 mg 250 mg 3 oz

Clams 286 mg 243 mg 3 oz

Salmon 285 mg 242 mg 3 oz

Halibut 283 mg 241 mg 3 oz

Haddock 260 mg 221 mg 3 oz

Shrimp 260 mg 221 mg 3 oz

Trout 257 mg 218 mg 3 oz

Grains Wheat germ 398 mg 113 mg 1 oz

Oat bran 335 mg 315 mg 1 cup

Wheat bran 282 mg 82 mg 0.5 cup

Whole oats 234 mg 184 mg 0.5 cup

Buckwheat 192 mg 163 mg 0.5 cup

Legumes (including soy-based foods) Soybeans, roasted 575 mg 535 mg 8 oz

Tofu, firm 235 mg 200 mg 3 oz

Tempeh 194 mg 165 mg 3 oz

White beans 115 mg 103 mg 0.5 cup

Pinto beans 108 mg 92 mg 0.5 cup

Black beans 105 mg 90 mg 0.5 cup

Kidney beans 104 mg 92 mg 0.5 cup

Navy beans 100 mg 91 mg 0.5 cup

Lentils 81 mg 80 mg 0.5 cup

Nuts and seeds Pumpkin and squash 
seeds

576 mg 162 mg 1 oz

Chia seeds 436 mg 124 mg 1 oz

Sesame seeds 371 mg 105 mg 1 oz

Flaxseeds 297 mg 84 mg 1 oz

Sunflower seeds 295 mg 84 mg 1 oz

Pistachios 251 mg 71 mg 1 oz

Cashews 237 mg 67 mg 1 oz

Almonds 209 mg 59 mg 1 oz
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Food source Amount (per 100 g) Amount (per serving) Serving size

Hazelnuts 193 mg 55 mg 1 oz

Red meats and poultry Lamb shoulder 415 mg 353 mg 3 oz

Chicken breast 404 mg 343 mg 3 oz

Goat 403 mg 343 mg 3 oz

Ground pork, lean 326 mg 277 mg 3 oz

Pork tenderloin 376 mg 320 mg 3 oz

Beef steak 374 mg 318 mg 3 oz

Turkey breast 287 mg 244 mg 3 oz

Egg, whole 167 mg 84 mg 1 egg

Serotonin

Fruits and vegetables Plantain 3030 μg 4545 μg 1 cup

Pineapple 1700 μg 2805 μg 1 cup

Banana 1500 μg 2,250 μg 1 cup, sliced

Kiwi 580 μg 858 μg 2 medium

Plums 470 μg 705 μg 2 medium

Tomatoes 320 μg 576 μg 1 cup, chopped/sliced

Nuts Black walnuts 30400 μg 9120 μg 1 oz

English walnuts 8700 μg 2610 μg 1 oz

Pecans 2900 μg 870 μg 1 oz

Melatonin

Grains and starches Corn 188 ng 308 ng 1 cup

Rice 150 ng 135 ng 0.5 cup

Barley 87 ng 137 ng 1 cup

Fruits and vegetables Tomatoes (variety 
dependent)

773 ng–11.45 μg 1.39 μg–20.61 μg 1 cup, chopped/sliced

Strawberries (variety 
dependent)

210 ng–1.13 μg 302 ng–1.63 μg 1 cup, whole

Ginger 142 ng 5.68 ng 2 tsp

Tart cherries 135 ng 186.3 ng 1 cup

Nuts Almonds 390 ng 117 ng 1 oz

Walnuts 350 ng 105 ng 1 oz
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