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ABSTRACT
Sleep is required for human life, enabling critical functions such as those involved in cellular regulation and repair,
detoxification, immune health, and hormone level modulation.1–4 Our physiological homeostasis depends on sleep, yet
according to the Centers for Disease Control and Prevention (CDC), one in three adults in the United States does not get
enough of it.5 Given the inextricable linkage between sleep and health, the CDC has warned about the health risks of
inadequate sleep, and federal and industry dollars continue to fund research that can help elucidate the roles of sleep in
disease and quality of life and to provide solutions for those who struggle with poor sleep. This paper provides an overview
of the effects of sleep duration and sleep quality on health and proposes natural ways to prevent illness and chronic disease
that may occur in part due to sleep disturbances through the strategic use of oral supplements.

POOR SLEEP PATTERNS CAN BE DETRIMENTAL TO
HEALTH
Much of what we know about the benefits of sleep comes
from observations and studies of the detrimental effects of
sleep deprivation and unhealthy sleep patterns. Accidents are
one clear short-term consequence of inadequate sleep. Lack
of sleep increases the risk of driving accidents, on-the-job
accidents, and accidents in the home.6–8 However, failing to
establish regular, healthy sleep patterns can also lead to
chronic disease and disabling symptoms.
Developing and maintaining healthy sleep habits may
empower people to reduce their risks of illness and disease.
Indeed, poor sleep is associated not only with greater risk for
developing a host of health problems, including
cardiovascular disease, stroke, neurodegenerative diseases,
type 2 diabetes, and attention deficit hyperactivity disorder
(ADHD), but also with a greater risk for suffering debilitating
symptoms like migraine headaches and for living a shorter
lifepan.9–16
Sleep and Cardiovascular Disease
Sleep habits have long been linked to cardiovascular and
metabolic disease, including hypertension, atherosclerosis,
heart failure, and sudden death.17 Indeed, certain sleep
disorders, such as obstructive sleep apnea, have been shown
not only to correlate with but 1to cause systemic
hypertension.18 Research into the specific relationship
between sleep and cardiovascular health suggests that short
sleep duration could result in adverse cardiovascular events
as a consequence of the enhanced blood pressure and
sympathetic nervous system activity that occurs in response
to sleep deprivation.19 In addition to short sleep duration,
poor sleep quality is also associated with an enhanced risk of
coronary heart disease.20 Given that sleep duration and
quality are modifiable risks, researchers suggest that
interventions to improve sleep should be pursued as
potential strategies for reducing risk of cardiovascular
disease.21
Sleep and Stroke
Research on the relationship between sleep and stroke
incidence has revealed a U-shaped relationship wherein too
much and too little sleep are each associated with a higher
risk of stroke in both men and women, as are sleep
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disturbances.22,23 Sleep disorders like sleep apnea are
linked to stroke. Though the relationship is complex, as
sleep-disordered breathing occurs as both a risk factor for
and a consequence of stroke, sleep is considered a potentially
modifiable risk factor for vascular disease.12,24 Rapid-eye
movement (REM) sleep behavior disorder is also associated
with a higher risk of both ischemic and hemorrhagic
stroke.25
As a result of growing knowledge on the impact of sleep on
stroke risk, experts urge people to find ways to get the
appropriate amount of sleep and emphasize the need for
more awareness about the importance of sleep duration and
quality on this leading cause of death.26
Sleep and Neurodegenerative Disease
One degenerative disease for which there is a growing wealth
of research into the role of sleep is the neurodegenerative
disease, Alzheimer’s. Alzheimer’s disease is the most
prevalent cause of dementia in the older population,
accounting for 65 to70% of the cases. The formation of
amyloid-β (also known as beta amyloid orAβ) plaques and
neurofibrillary tangles are the hallmarks of the disease.
People with healthy sleep habits are at a lower risk for
developing Alzheimer’s disease and other forms of
dementia.10 Those at lower risk are those who do not suffer
from insomnia and who do not experience sleep disordered
breathing (SDB), which includes snoring, sleep apnea, and
obstructive sleep apnea. The specific role that sleep plays in
protecting against dementia is unclear, but studies have
shown that insomnia increases both the production and
secretion of amyloid-β, leading to higher levels of amyloid-β
in those with insomnia as compared to those with healthy
sleep patterns.27
Research showing that cerebrospinal levels of amyloid-β and
its precursor, amyloid precursor protein (APP), are higher at
night suggest that it is during sleep that the brain clears itself
of these substances.28 These findings offer some insight into
why sleep seems to protect against neurodegenerative
diseases like Alzheimer’s.
Sleep and Type 2 Diabetes
The amount of sleep people get has been shown to relate to
adiposity, with shorter duration of nightly sleep often found
to be associated with higher levels of adiposity, as well as a
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higher likelihood of developing diabetes.29 This
relationship, however, may be more complex, as some
studies have found that both low and high duration sleep are
associated with an increased risk for type 2 diabetes, whereas
a sleep duration of 7 to 8 hours per night is associated with
the lowest risk for developing the disease.30 Recent research
suggests that those with or at risk of type 2 diabetes likely
experience a positive feedback loop that leads them to
engage in excessive sleep.31

help people sleep, but each comes with critical limitations.

In addition to sleep duration, sleep architecture may play a
role in diabetes risk. For instance, slow wave sleep and rapid
eye movement suppression have been shown to be
correlated with insulin resistance, and those with type 2
diabetes are more likely to experience altered sleep
structure.32,33 Poor sleep quality is also associated with
higher HbA1c, a hemoglobin test for diabetes and is thought
to play a role in impaired glycemic control.34,35 Sleep
disorders such as obstructive sleep apnea have been shown
to be associated with type 1 diabetes and gestational diabetes
as well.36

Benzodiazepines
There is some evidence to suggest that benzodiazepines can
help certain patients with insomnia and that they may be
safe.50 However, due to the long half-life of these drugs,
they often lead to next day fatigue, as well as
neuropsychological dysfunction.51 Perhaps more concerning
is that benzodiazepines are associated with drug dependence,
withdrawal, and rebound symptoms.

Sleep and Migraine
Migraines and other forms of headache can be associated
with a variety of diseases and conditions, but they are also
known to be associated with lack of sleep. Though the
relationship between sleep and migraine is complex,37 it is
clear that the two often co-occur. Indeed, disturbed sleep is
more common in adults and children with migraine than
those without migraine, with between 30% and 50% of
migraine patients experiencing disturbed sleep or poor sleep
quality.38–41 Further, the severity and prevalence of sleep
problems increase proportionally with headache frequency,
such that the vast majority of chronic migraineurs (68% to
84%) suffer from insomnia on a near-daily basis.38
There is evidence that lack of sleep causes migraines and
that, conversely, migraines cause loss of sleep. It is therefore
likely that migraineurs with disturbed sleep experience a
negative feedback loop where migraines and loss of sleep
reinforce one another and relief from either condition
becomes harder and harder.38–40 Nonetheless, restful sleep
has been shown to be effective in relieving migraine attacks,
strongly suggesting that insufficient sleep causes or
exacerbates migraine headaches.
Consistent with this view is the finding that those with
migraines are less likely to possess the ability to flexibly
adapt their sleep/wake cycles42 and are thus more likely to
become sleep deprived. Even more telling is that lack of
sleep is the most commonly reported trigger of
headaches.43,44
Sleep and ADHD
ADHD often co-occurs with sleep
disorders such as
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obstructive sleep apnea, peripheral limb movement disorder,
restless leg syndrome, and circadian-rhythm sleep
disorders.45 Research has found that adults with ADHD take
longer to fall asleep, or in other words, have a longer sleep
latency, than those without ADHD and also tend to wake up
later.46
Perhaps unsurprisingly, interventions that promote healthy
sleep in children with ADHD have been shown to reduce
ADHD symptoms.47 Interestingly, sleep duration also
appears to interact with treatments, with the potential to
improve response to medication.48
STRATEGIES FOR IMPROVING SLEEP DURATION AND
QUALITY
Pharmacological Intervention
There are a number of prescription drugs that are used to
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Antidepressants
While antidepressants including selective serotonin reuptake
inhibitors are sometimes used to improve sleep, the
improvement they confer appears to be small and effective
only in the short-term. The tolerability and safety of
antidepressants to help with sleep is also uncertain.49

Antihistamines
Most over-the-counter drugs for insomnia are
antihistamines, which are known to contain sedative
properties. Unfortunately, people tend to quickly develop a
tolerance to antihistamines, minimizing their efficacy for
improving sleep. Antihistamines are also associated with
adverse side effects including dry mouth, constipation, and
confusion.52
Alternative Treatments for Sleep
Alternative treatments for insomnia and disordered sleep
include background music, acupuncture, prayer, deep
breathing, meditation, yoga and massage. Natural
supplements for sleep are another way to avoid the serious
side effects of prescription drugs, and there is mounting
evidence for the value of several natural ingredients,
including:
Hops extract
The sedative power of Hops extract has long been
recognized and is associated with over 30 years of traditional
medicinal use in Europe. Recently, it has been suggested that
its acids, essential oil, and other constituents, such as
xanthohumol, may play important roles in the sedative
effect of Hops preparations.53
The results of clinical studies suggest that Hops extract may
help to improve sleep quality, shorten time to fall asleep,
improve sleep brain wave patterns, and improve subjective
measures of restfulness after waking.54–59 One study has
provided some clarification on how Hops extract may confer
its sleep benefits, suggesting that Hops may improve the
ability to fall asleep by reducing anxiety.60 In this study,
pure Hops extract in a non-alcoholic beer (0.00% alcohol,
333 milliliters (ml). containing 0.3% or 100 milligrams (mg)
of Hops) was administered to a work-stressed population of
healthy female nurses in rotating night shifts to measure the
sedative effect of hops on their sleep and wake rhythm
patterns.
Overnight sleep parameters were assessed by an actigraph
for fourteen days, and the hops extract was given with
dinner. The sleep data were compared with subjects’ base
data, which had been collected before Hops consumption
began.60
Actigraphy demonstrated not only an improvement in
overall sleep quality but a specific improvement in sleep
latency. Specifically, those taking the Hops extract
experienced a reduction in sleep latency, falling asleep more
quickly. Compared to 21 minutes before using the Hops
extract, those taking the Hops extract fell asleep on average
within 12 minutes. These individuals also showed reductions
in self-reported levels of anxiety.
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The effective therapeutic dose of Hops for improved sleep
parameters is 60 to 100 mg based on the above-cited human
trial. Any sleep formula with less than 60 mg. of Hops extract
would have be considered an inadequate dose.60
In addition to its ability to aid in sleep, Hops extract has
numerous other health benefits, including stimulating the
production of antioxidant enzymes, protecting DNA against
mutations, protecting against thrombosis formation, which
refers to the formation of blood clots, and protecting against
benzopyrene and other dietary carcinogens.61–63
Valerian extract
Valerian, valeriana officinalis, is a perennial herb native to
North America, Asia, and Europe and is used for its sedative
and hypnotic properties. Multiple preparations are available,
and the herb is commonly combined with other herbals,
primarily Hops extract. Double-blind, placebo-controlled
research has demonstrated that adults who take valerian for
two weeks judge their sleep as better than those who take
placebo. According to study subjects, this higher sleep quality
is due to fewer night awakenings and greater sleep duration
(Table 1).64
The appropriate dosage of Valerian has not been established
conclusively but The European Medicines Agency (EMEA)
final proposal recommends a single dose of two to three
grams (of dried herb) one half to one hour before bedtime
with an earlier dose during the evening if necessary. Based
on human trial data, a total serving size of 400 to 500 mg of
Valerian extract would be considered an adequate dose of
Valerian extract for a sleep supplement.
In addition to its positive effects on sleep duration and night
awakenings, Valerian also has several other uses. It is used to
treat anxiety, depression, menopausal symptoms, and stress
and is among the eight most widely used herbal supplements
in the world.65,66
Zizyphus Jujube extract
The Ziziphus jujuba seed extract, also known by its Chinese
name, suanZaorentang, is the herb most frequently used for
insomnia in China.67 In Taiwan, it is the second most
prescribed phytomedicine to treat insomnia.68 The effect of
Ziziphus jujube seeds on insomnia is clinically comparable to
what is observed with benzodiazepines, the primary medical
treatment for insomnia and other sleep disorders in primary
care practice. Unlike benzodiazepines, however, Ziziphus has
no withdrawal side effects.
Ziziphus spinosa is a varietal of Ziziphus jujube, and its
impact on sleep is likely related to its stimulation of the
inhibitory neurotransmitter, GABA, and its influence on
serotonin receptors in the brain.67,69 Suanzaorentang may
also benefit sleep through sedative-hypnotic effects and its
anxiolytic (anti-anxiety) properties,
which are comparable to
1
those of diazepam, a benzodiazepine drug.70 Indeed,
research on this substance has shown that, compared to
placebo, it improves, to a greater extent, all ratings of sleep
quality in insomniac patients.71The Zizyphus jujube seed
extract effective dose for insomnia is 100 mg to 200 mg.
Thus, any amount less than that would be inadequate for
achieving the desired effects of relaxation or sleep in any
formula. In addition to its use for insomnia, the seed of of
Zizyphus jujuba spinosa variety has also been used to treat
psychiatric disorders in both Korean and Traditional
Chinese Medicine (TCM). Its advantageous impact on sleep
could also account for additional neuroprotective
characteristics of Zizyphus jujube seed extract that have
recently been observed. Specifically, the extract has been
shown to mitigate memory loss associated with most
neurological diseases and to block amyloid β-induced
memory deficits in a mouse model of Alzheimer’s disease.72
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Table 1. Impact of valerian extract on sleep. Adapted from: Oxman, A, Flottorp, S,
Håvelsrud, K, Fretheim, A. et al. PLoS One. 2007; 2(10): e1040.

Glycine
Early research on glycine and its essential role in sleep was
published in 1989.73 Later, in 2008, one of the ways in which
glycine aids in sleep was clarified when it was discovered that
glycine is responsible for the profound muscle relaxation
that occurs during various stages of REM sleep.74
The first clinical trial using glycine supplementation found
that people who were given glycine before bedtime reported
significantly reduced feelings of fatigue the following
morning when compared to those who were given placebo.
This study employed 19subjects ranging from 24 to 53 years
and assessed sleep quality with the St. Mary’s Hospital Sleep
Questionnaire (SMHSQ) and the Space Aeromedicine
Fatigue Checklist.75
In another study, glycine improved subjects’ sleep efficiency,
reduced difficulty in falling asleep, and enhanced sleep
satisfaction. This study used both objective measures of sleep
quality, including polysomnographic tests and the Visual
Analog Scale (VAS), a well as subjective measures of sleep,
including the SMHSQ. Each measure suggested that
daytime sleepiness improved and that glycine helped with
overall sleep quality.76
A dose of 31 grams of glycine per day has been shown to be
associated with no serious side effects.77 The pleiotropic and
overall health benefits of glycine make it a valuable
supplement, even at doses lower than those required to
achieve specific sleep benefits.
Glycine has also been shown to improve memory. A 1999
double-blind study showed that compared to younger
individuals, middle-aged men had poorer verbal episode
memory recall, sustained, focused, or divided attention.
However, glycine supplementation significantly improved
episodic memory retrieval in both the young and the
middle-aged subjects. Unlike other cognitive enhancing
supplements, glycine has no stimulant properties or mood
effects. 78
Pyridoxyl-5-Phosphate
Pyridoxal-5-Phosphate, or P5P, is the active metabolite of
vitamin B6. There are three forms of vitamin B6 found in
the diet or in supplements that are usually found in the form
of hydrocholoride salts – pyridoxine, pyridoxamine and
pyridoxal.79 Though to take effect, pyridoxine and
pyridoxamine need to be converted to their active B6 form,
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P5P, age and impaired liver function can hinder this
conversion.80 P5P supplementation bypasses the need for
this conversion and allows for more immediate benefits.
Studies have shown that P5P impacts aspects of sleep. For
instance, compared to those taking a placebo, college
students who took P5P before bed reported higher levels of
dream vividness and emotionality. According to the
researchers conducting the study, these results may have
been due to vitamin B6-induced cortical arousal during
periods of REM sleep.81
Any dose of pyridoxine ranging from 25 to 100 mg is
considered adequate for neurotransmitter production to
support sleep.
Vitamin B6 is a co-factor for a host of enzymatic reactions
and thus plays a role in a multitude of functions. For
instance, adequate levels of B6 are essential for promoting
and maintaining mood, pain perception, and keeping
inflammation and inflammatory markers, such as c-reactive
protein (CRP), at normal levels.82,83
Deficiencies in vitamin B6 result in less methylation of the
genes that produce nitric oxide, which, in turn, can trigger a
migraine.84 Vitamin B6 supplementation has also been
shown to effectively reduce headache severity and the
duration of migraine attacks. Given that nitric oxide
deficiency can cause artery vasodilation and that vitamin B6
helps to control nitric oxide availability in the cell, it is
perhaps not surprising that B6 supplementation can help in
overcoming headaches.
Magnesium
Magnesium is involved in over 300 enzyme-related
biochemical processes and appears to influence sleep in a
variety of ways. Those who are deficient in magnesium are
more likely to have abnormal EEG readings during sleep,
more nocturnal awakenings, less time spent in stage 5 REM
sleep, and self-reports of poor sleep quality.85
On the other hand, those taking dietary magnesium
supplements are more likely to experience better sleep
efficiency, the ability to fall asleep faster, and the ability to
stay asleep longer, which may be related to the ability of
magnesium to reduce cortisol levels and inflammatory stress
and to enhance melatonin levels.86,87 Magnesium
supplementation is associated with reversals in exercise
intolerance that are observed in chronically sleep-deprived
individuals88 as well as the restoration of normal EEG
patterns during sleep.89
Magnesium is involved not only in sleep but in a variety of
aspects of health. One important way that magnesium
improves health is by reducing CRP levels. CRP is a general
1
indicator of inflammation in the
body, and higher levels of
CRP are associated with a higher risk of developing
degenerative disease.90,91
Overall systemic inflammation caused by Magnesium
deficiency will lead to sleep disturbances and
supplementation with Magnesium lowers key inflammatory
cytokine molecules, CRP, TNF- α, and IL-6.

suggests that melatonin can increase sleep efficiency, reduce
the time it takes for people to fall asleep, and increase total
sleep duration.94,95,96 Melatonin levels decline with age,
which is believed to contribute to age-related sleep disorders
and age-related diseases.97
A comprehensive meta-analysis was recently performed to
assess the safety of efficacy of melatonin in children with
sleep and neurodevelopmental disorders and found that
melatonin is both safe and effective in these youth
populations.99 The Canadian Pediatric Society suggest that
the best melatonin dosage for children over the age of 4 is 2.5
to 3 mg, whereas 1 mg of melatonin is recommended for
infants and 5 mg for adolescents.100 Additional research has
shown that the response to 5 mg and 10 mg of melatonin
does not differ significantly.101
Other benefits of melatonin are that it has potent antioxidant
properties,102 lowers inflammatory markers, and is an
immune modulator.103,104 It also contributes to healthy
cardiovascular function,105plays a role in eye health,106and
impacts fat and glucose metabolism.107As a powerful free
radical scavenger, melatonin can directly remove excess free
radicals produced during episodes of oxidative stress and can
favorably change antioxidant gene expression.108
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