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The influences of dietary characteristics on sleep quality in humans currently constitute an acute problem, as
harmonious interactions with the outside world in urbanized societies impose the need for a sufficient level
of wakefulness, which is provided by full-length sleep. An important factor is sleep quality: fragmented
sleep, regardless of duration, will leave a person lacking energy. Sleep quality depends not only on sleep
hygiene, but also on the characteristics of the diet, which can affect the proportions of particular phases
and stages of sleep. The aim of this review is to discuss the most important studies on the effects of dietary
supplements on sleep quality and duration.
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The problem of sleep disorders is currently among the
most significant in modern medicine and is actively studied
in the scientific community. It was previously believed that
lack of sleep had only immediate consequences, in the form
of excessive daytime sleepiness, impairments to attention
and other cognitive functions, and decreased physical ac-
tivity during the day. However, this view began to change
with time. Studies reported by Taheri et al. in 2004 [1] re-
vealed an association between increased ghrelin levels and
decreased plasma leptin levels on the one hand and reduced
sleep duration on the other, and these changes lead to an
increase in appetite, which in turn is an independent risk
factor for obesity [1]. Insufficient sleep has also been shown
to be a risk factor for type 2 diabetes mellitus (DM2) and
reduced glucose tolerance. As demonstrated by Gottlieb et
al. [2], shorter nocturnal sleep is associated with a greater
risk of developing DM2: nocturnal sleep duration of less
than 6 hours increases the risk by factor of 1.7, while sleep
lasting less than 5 hours produces a 2.5-fold increase com-
pared with people who sleep more than seven hours per
day [2]. Sleep is also essential for maintaining mental health
in children and adolescents, as well as adults.
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Among all sleep disorders, the most common at this
time are insomnia, with prevalence in the adult population
ranging from 10% to 30% in different reports [3], along
with obstructive sleep apnea syndrome (OSAS), which oc-
curs in approximately 17% of the adult population [4]. Both
conditions are characterized by insufficient sleep, which re-
sults in an increased risk of dysmetabolic disorders in the
form of DM2, glucose tolerance, and obesity.

There is an undoubted relationship between sleep dis-
orders and eating disorders. However, the following ques-
tions remain open: can eating behavior and dietary patterns
affect sleep quality in any way? Can changing the diet and
adding particular substrates to it affect sleep duration?

The first attempts to study the effects of adding amino
acids (5-hydroxytryptophan, 5-HTP) to food date back to
1969 [5]. This was linked with the hypothesis put forward
at that time by Jouvet that serotonin is a “sleep factor.” This
hypothesis was based on a series of studies conducted in
his laboratory showing that administration of the serotonin
synthesis blocker para-chlorophenylalanine to cats led to
prolonged total insomnia in the animals, which was stopped
by giving the serotonin precursor 5-HTP. This hypothesis
was later recognized as erroneous, and serotonin is present-
ly regarded mainly as a “waking factor” [6].

A major review was published in 1987 describing the
effects of tryptophan and carbohydrates on the duration and
architecture of sleep [7]. The last 20 years have seen intense
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studies of the influences of dietary features on sleep quality
and duration, including the influences of food carbohydrate,
fat, and protein contents, as well as the supplementary con-
sumption of sleep-inducing amino acids [8]. The aim of this
review is to discuss data from the most important studies
on the influences of dietary characteristics on sleep quality
and duration.

Carbohydrates. The main focus of research attention
has been on the effects of carbohydrate content — the main
source of energy in food — on sleep quality. Studies reported
by Phillips et al. [9] in 1975 compared the effects of high-
and low-carbohydrate diets on sleep. The study included
eight volunteers, who were presumptively healthy men with-
out bad habits or eating disorders, and a specific nutrition
program was developed for each subject, which included
changing the diet from a low-carbohydrate diet (100 g/day)
to a high-carbohydrate diet (600 g/day) with subsequent as-
sessment of sleep polysomnography. This showed that the
high-carbohydrate diet led to a significant decrease in the
proportion of stage III slow-wave sleep (SWS); this was
accompanied by a decrease in rapid eye movement (REM)
sleep as compared with the low-carbohydrate diet [9].

Another study, reported by Afaghi et al. [10], assessed
not only the relationship between the ratios of SWS and
REM sleep, but also sleep latency. A group of 12 men aged
18-35 years took part in the study, which assessed the effects
of eating a high glycemic index (GI) food compared with a
low GI food, with consumption of an equal quantity of cal-
ories (GI is a dimensionless coefficient reflecting the rate at
which carbohydrates present in food increase the blood glu-
cose level as compared with glucose itself, which has a GI
of 100). Thus, it has been demonstrated that sleep latency
was found to be significantly reduced (9.0 + 6.2 min) after
consuming a high GI meal as compared with a low-GI meal
(17.5 £ 6.2 min) [10]. Furthermore, Tanaka et al. [11] ran a
comparative assessment of sleep quality in relation to eating
habits in a large cohort of volunteers. This study assessed
the eating habits of 4,435 non-shift workers. The following
relationship was found: habitual consumption of food with
a low carbohydrate content (less than 50% of the energy of
the daily diet) and high protein content (more than 16% of
the energy of the daily diet) was associated with more fre-
quent night awakenings, while consumption of food with a
low protein content (less than 16% of daily energy intake)
was associated with difficulty falling asleep, as well as with
poorer sleep quality [11]. Contrarily, Gangwisch et al. [12]
reported studies assessing the effects of the quantitative
carbohydrate content in the daily diet on the risk of devel-
oping symptoms of insomnia in postmenopausal women.
High carbohydrate intake was found to be associated with
a greater risk of developing symptoms of insomnia in this
cohort [12].

The effect of high carbohydrate content on sleep in
humans can be summarized as follows: use of a high-car-
bohydrate diet shortens REM sleep, lengthens stages I and
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IT of SWS, and shortens sleep latency. However, what is the
mechanism of this effect of dietary carbohydrate content on
sleep in humans? One hypothesis holds that high-GI food
causes consistent increases in the blood insulin level, which
in turn improves the consumption of large neutral amino
acids (phenylalanine, leucine, isoleucine, tyrosine, valine,
and methionine) by muscle tissue [13]. The result of this
action of insulin is that the relative tryptophan content in
the circulating blood increases, leading to an increase in its
consumption in the brain [10, 13]. Tryptophan is a serotonin
precursor, and some data suggest that increases in serotonin
promote the onset of falling asleep [10].

Amino acids. y-Aminobutyric acid (GABA) is a
four-carbon amino acid, which is not involved in making
proteins in the body but is present in food. This amino acid
was isolated from the mammalian brain in 1950 by a group
of researchers led by Roberts and Frankel [14]. GABA was
also found to be a brain-specific marker. GABA is the only
neurotransmitter that is found almost exclusively in this part
of the CNS (a small amount of GABA is also found in the
cervical segments of the spinal cord), where its concentra-
tion exceeds that of all other low-molecular-weight medi-
ators combined. GABA is the main inhibitory neurotrans-
mitter in the brain [14, 15]. It was long believed that GABA
consumed with food does not cross the blood—brain barrier
(BBB) [16], though studies in the late 1990s discovered spe-
cific GABA transporters on the surfaces of BBB cells [17].
However, there are as yet no reliable data confirming that
there is a correlation between GABA concentrations in the
blood and CNS tissues [18].

The functions of GABA include regulation of the
body’s response to stress and anxiety via GABAergic inter-
neurons located in the amygdala [19]; this type of neuron
in the corticomedullary pathways is believed to regulate
the ratio of SWS and REM sleep [20]; these neurons also
regulate the daily sleep/waking rhythm via influences on
the suprachiasmatic nuclei (SCN) [21]. Considering these
functions of GABAergic neurons, there is interest in study-
ing the effects of GABA, as an independent biological sup-
plement, on the objective characteristics of sleep and sleep
quality in terms of subjective assessments.

Thus, studies reported by Yamatsu et al. [18] assessed
the effect of supplementing the diet of healthy volunteers
with 100 mg GABA as capsules taken in the second half of
the day, as compared with a second group receiving place-
bo. These studies revealed the following patterns: GABA
intake significantly reduced sleep latency by 5 min as
compared with the control group. Mean sleep latency was
10 min in both groups prior to the supplementation with
GABA-containing capsules. Furthermore, the latency of
stage II SWS was lower in volunteers who took GABA (by
an average of 4.8 min). Subjective sleep indicators such as
feelings after waking and Pittsburgh Sleep Quality Index
(PSQI) questionnaire scores were significantly better in vol-
unteers who took GABA than in the placebo group [18].
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Another study, reported by Byun et al. [22], evaluat-
ed the effects of daily dietary supplementation with GABA
(300 mg) on symptoms of insomnia. This study included
40 volunteers, 30 receiving GABA and 10 receiving place-
bo. Each subject underwent sleep quality assessment before
and after use of GABA, along with polysomnography to
exclude other causes of daytime sleepiness and sleep dis-
turbance. GABA supplementation for four weeks decreased
the ISI score (from 14.6 + 6 before treatment compared with
11.5 + 4.3 after treatment for four weeks) and the PSQI score
(from 11.0 £2.2 before treatment to 9.8 + 2.5 after treatment).
There was also a reduction in sleep latency on the polysom-
nogram, from 134 + 15.7 min before treatment started to
5.7 = 6.2 min after four-week courses of GABA [22].

Another product with a potential effect on sleep and of
interest to researchers is glycine. Glycine is a non-essential
amino acid (it is ingested with food or synthesized de novo
in the human body) with the simplest molecular structure.
Glycine is one of the most common inhibitory neurotrans-
mitters in the CNS, its the mechanism of action being mediat-
ed by glycine receptors (GlyR) [23]; it is also a coagonist on
stimulation of N-methyl-D-aspartate (NMDA) receptors [24].
One of the main effects of glycine is to decrease skin surface
temperature, which is followed by reflex vasodilation of skin
vessels and subcutaneous fatty tissue, which then leads to hy-
poperfusion of the brain, resulting in drowsiness [25].

The effects of taking glycine on volunteers with com-
plaints of poor sleep quality were studied by Inagawa et
al. [26], who evaluated the effects of glycine (3 g) before
sleeping as compared with a group of volunteers taking a
placebo. Glycine was found to produce significant reduc-
tions in anxiety levels the morning after intake and to im-
prove subjective sleep scores in volunteers who took gly-
cine (3 g) at night [26].

The effects of 5-HTP on sleep are also of particular in-
terest [6]. 5-HTP is a product of the hydroxylation reaction
of the amino acid tryptophan. 5-HTP is then decarboxylated
to 5-hydroxytyramine, better known as serotonin. Serotonin
has a wide spectrum of actions in the CNS: it is involved in
memory processes, stress responses, and mood regulation;
it influences sleep and the process of maintaining wakeful-
ness [27]. 5-Hydroxytyramine is subsequently metabolized
to melatonin (N-acetyl-5-methoxytryptamine), which is a
hormone secreted by the pineal gland and is involved in the
regulation of the sleep—waking cycle [28].

Early studies of the effects of 5S-HTP date back to the
1950s, when animal experiments showed that 5-HTP inhib-
ited gastric acid secretion [29], stimulated gastrointestinal
motility [30], and also, as noted, increased the 5-HTP con-
centration in most peripheral organs and tissues after ad-
ministration [31]. Rabbit experiments reported by Banerjee
et al. [32] in the 1970s demonstrated a hypothermic effect
of 5-HTP given at a dose of 1.5-3 mg [32].

As 5-HTP is a precursor of serotonin, one of the main
objects of research in the early stages of studying its ef-

fect on the human body addressed its effects on depressive
episodes. Thus, Coppen et al. [33] showed that 5-HTP had
an antidepressant effect when given at high doses. Another
study, reported by Kahn et al. [34], demonstrated that 5-HTP
had anxiolytic effects in a situational anxiety test.

Evaluation of the effects of 5-HTP on sleep found an
effect on the proportion of REM sleep: increases in the
5-HTP dose produced proportionate increases in the dura-
tion of this sleep phase [35]. 5-HTP has been shown to be
effective in relation to nightmares in children: Bruni et al.
[36] showed that daily administration of 5-HTP both in-
creased daytime wakefulness and decreased the frequency
of nocturnal nightmares in children.

A double-blind, placebo-controlled study found that
blood 5-HTP levels were directly proportional to sleep
latency in healthy subjects [37]. A Japanese study of the
effects of 5-HTP on daytime wakefulness and nocturnal
sleep in children aged 0—15 years found that daily intake of
5-HTP in the morning maintained the morning chronotype
in children and also produced an improvement in the quality
of nocturnal sleep [38].

Conclusions. Consumption of a number of foodstuffs
can, due to their greater or lesser contents of certain amino
acids or carbohydrates, affect sleep quality and duration.
Studies have shown that increases in carbohydrate intake
can lead to sleep disturbance and may be a risk factor for the
development of insomnia. Studies addressing the relation-
ship between sleep indicators and amino acid intake have
shown that amino acids such as GABA, glycine, and 5-HTP
can influence objective and subjective measures of sleep.

Preparation of this article was supported by Muse
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