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Carbohydrate quantity was shown to affect sleep architecture, and especially N3 and REM sleep stages.

Alterations in both quantity and quality of carbohydrate intake showed a significant effect on sleep initiation.

Variations in carbohydrate quality significantly affected measures of sleep continuation. Further studies are needed

to assess the effect of long-term carbohydrate interventions on sleep. 
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1. Introduction

Fundamental and one of the very first studies for sleep  has shown a  link high-carb meals with a big reduction in

deep sleep and an increase in REM sleep (for both, excessively high- and low- carb meals) . REM percentage

was reduced in another research while deep sleep increased with a restriction in carbohydrates. These changes

were observed in a short-term study and they may be linked to the sudden change in diet . In obese people, a

low-carb diet has shown an improvement in sleep disturbances and a normalization of sleep architecture .

Sleep constitutes a lifelong element of human existence. It is defined as a reversible state of decreased or absent

consciousness that initiates from wakefulness and evolves to light, deep, and rapid eye movement (REM) sleep

stages . Alterations in sleep-related parameters are often part of physiological responses that may be induced by

nutrition interventions and might be translated into modifications in sleep architecture , quantity, or continuation

.

The required sleep quantity varies among individuals and its adequacy is reflected by the absence of sleep-

induced or sleep-related health issues, daytime dysfunction, or sleepiness . Insufficient sleep traits have been

increased over the last years . Its association with numerous diseases  underlined the necessity to examine

practical and effective approaches, including manipulation of nutritional aspects to optimize sleep . Various

nutrition interventions have been studied for their effects on sleep-related parameters. Interestingly, both dietary

supplements (e.g., tryptophan ) and consumption of whole foods (e.g., kiwifruit , tart cherry juice ) have

shown promising effects on improving sleep quality.

Animal models revealed that hormones  and peptides  entrain the body’s circadian system and affect

sleep. Since the circadian system facilitates most human behavioral and physiological processes, observational

studies in humans have tried to investigate the effect of macronutrient intake on sleep quality and stated that

alterations in the distribution and periodization of macronutrients are associated with sleep optimization .
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Towards this direction, the findings of nutrient–sleep interactions show to be positive but are yet unverified, with

unsettled biological mechanism explanations .

The acute manipulation of dietary carbohydrates (CHO) has been highlighted over the years with regard to its

effect on sleep-related parameters. Carbohydrates are considered to be a critical macronutrient for sleep, not only

because they serve as a primary source of energy for all human cells, but due to their relationship with brain

function and sleep-related hormonal regulation . Glucose metabolism is highly interrelated with sleep  by

modifying the plasma tryptophan concentration , a precursor of serotonin and melatonin, which, in turn, has a

significant effect on sleep initiation and continuation . Two recent reviews suggest that dietary melatonin intake

(either from fruits and vegetables , or milk and cherry juice ) could have sleep-promoting effects. Research

shows that carbohydrates are associated with alterations in sleep onset latency , sleep time , sleep continuity

, and sleep stages . Nonetheless, the effect of CHO intake in sleep has not been systematically reviewed yet.

Furthermore, since dietary CHO intake from individual studies may vary in quantity, quality, or timing/duration of

intervention, it is of utmost importance for these factors to be taken into account and analyzed distinctively.

2. Effects of Carbohydrates on Sleep

Over the last decades, there has been a great interest in the relationship between diet on sleep. The current meta-

analysis of clinical trials showed that CHO intake could significantly affect both sleep architecture, sleep initiation,

and continuation. In particular, a lower quantity of CHO intake significantly lengthens N3 stage sleep proportion and

duration compared to higher CHO consumption. Increased dietary CHO intake significantly prolonged REM stage

sleep compared to lower CHO intake. Small effects were also observed for increased CHO quantity and REM

attainment and sleep depth compared to lower CHO intake. The quality of CHO intake did not show any significant

effect on sleep stages. Sleep onset latency showed to be affected by both carbohydrate quantity and quality.

Alterations in the quality of carbohydrate intake showed a significant effect on measures of sleep continuation.

Diet-induced alternations in CHO quality and quantity have shown some promising results with regards to sleep-

related parameters, based on the limited data. Replacing a typical diet, one that is mainly composed of CHO as the

main source of energy intake, with an LCI diet showed increases in both duration and proportion of deep sleep 

. Evidence from genetic studies has shown that sleep duration is associated with rs2031573 and

rs1037079 alleles, with relevance to shorter sleep ; however, it is not established yet whether diet modifications

could affect the epigenetics of those genes and consequently the quality of sleep. The effect of CHO intake in deep

sleep could be attributable to various biological mechanisms related to diet-dependent hormonal regulation (Figure

1). It is proposed that dietary fat and protein (or their digestion products) stimulate cholecystokinin (CCK) release to

a greater extent than CHO . CCK is produced in a number of tissues in humans, including enteroendocrine

cells of the duodenum, and is distributed in the brain as well . In healthy male and female volunteers, an LCHO

meal led to higher postprandial CCK concentrations and increased subjective feelings of sleepiness .

Nonetheless, the relationship between CCK and sleep was first demonstrated in animal experiments . In both

rats and rabbits, intraperitoneal injection of cholecystokinin showed a dose–response relationship between

circulating CCK levels and N3 sleep stage (referred to as SWS or “deep sleep”). Following the same line, both
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dietary fat and CCK may result in higher levels of peptide-tyrosine-tyrosine (PYY) . PYY is a peptide released in

the gastrointestinal tract and it is usually studied for its role in appetite regulation, and especially its anorexigenic

effect . In animal models, nocturnal intraperitoneal administration of PYY decreased wakefulness and enhanced

NREM sleep . In contrast to PYY, ghrelin is an appetite-stimulating hormone that is linked to sleep-wake

behavior . The magnitude of the effect of ghrelin on sleep is differentiated according to sex, being greater in

males than females . It is proposed that ghrelin stimulates the activity of the hypothalamic-pituitary-adrenal and

hypothalamic-somatotrophic axes, altering growth hormone (GH) and cortisol levels , both hormones that are

involved in sleep regulation. N3 sleep stage coincides with approximately 70% of GH pulses, and the amount of N3

sleep stage is positively related to the amount of GH secretion during these pulses . Moreover, cortisol

administration in both young  and elder adults  is positively linked with endogenous GH secretion and N3

sleep stage. In this meta-analysis, all individual studies that modified CHO quantity acutely or in the short term

showed increases in SWS . The pooled results suggest that an LCHO pre-bed meal ranging between 0–

47 g of CHO or an LCHO diet ranging between 2–100 g of CHO increased the N3 sleep stage by 8.5 min or by

3.2% compared to an HCHO pre-bed meal ranging between 130–196 g of CHO or an HCHO diet ranging from

240–600 g of CHO. As N3 occupies approximately 20% of TST , an increase of 3.2% is translated to 16% of the

time that is spent in this specific sleep stage.

Figure 1. Graphical illustration of potential biological pathways behind macronutrients–sleep interactions.

3. Conclusions

The current results highlight the effect of nutrition, and especially carbohydrates, on sleep. It was observed that a

lower quantity of CHO intake significantly increases N3 stage sleep and higher dietary CHO intake significantly

prolongs REM stage sleep. The quality of CHO intake did not show any significant effect on sleep stages. The

effectiveness of carbohydrate quantity and quality in sleep onset latency was significantly explained by alterations
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of carbohydrate intake as a percentage of daily energy intake and alterations in the glycemic load, respectively.

Changes in glycemic load partially explained the variance of the effectiveness of sleep quality in sleep efficiency

and wake after sleep onset. To date, there is no clear interpretation of the relevant biological mechanisms. Results

for CHO quantity and sleep stages are promising and need to be further addressed in future studies with long-term

interventions in different age groups for both genders.
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