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Abstract: Aging is accompanied by circadian changes, including disruptive alterations in the sleep/wake cycle, as well as the beginning 
of low-degree inflammation (“inflammaging”), a scenario that leads to several chronic illnesses, including cancer, and metabolic, 
cardiovascular, and neurological dysfunctions. As a result, any effective approach to healthy aging must consider both the correction of 
circadian disturbance and the control of low-grade inflammation. One of the most important prerequisites for healthy aging is the 
preservation of robust circadian rhythmicity (particularly of the sleep/wake cycle). Sleep disturbance disrupts various activities in the 
central nervous system, including waste molecule elimination. Melatonin is a chemical with extraordinary phylogenetic conservation found 
in all known aerobic creatures whose alteration plays an important role in sleep changes with aging. Every day, the late afternoon/nocturnal 
surge in pineal melatonin helps to synchronize both the central circadian pacemaker found in the hypothalamic suprachiasmatic nuclei 
(SCN) and a plethora of peripheral cellular circadian clocks. Melatonin is an example of an endogenous chronobiotic substance that can 
influence the timing and amplitude of circadian rhythms. Moreover, melatonin is also an excellent anti-inflammatory agent, buffering free 
radicals, down-regulating proinflammatory cytokines, and reducing insulin resistance, among other things. We present both scientific and 
clinical evidence that melatonin is a safe drug for treating sleep disturbances in the elderly. 
Keywords: melatonin, sleep, elderly, safety, neurodegeneration

Introduction
The basic pathophysiological causes of aging include numerous interconnected processes, notable circadian desynchro-
nization, and a low degree inflammation (“inflammaging”).1,2 In this context, maintaining a sleep/wake cycle that is 
regular is important for the promotion of health in the elderly. The fundamental circadian rhythm in the body is the sleep/ 
wakefulness pattern. According to the current consensus on its physiological control, it is governed by two components: 
a circadian (24-hour) one and a homeostatic one.3

Melatonin, a chemical that is conserved so consistently phylogenetically that it is found in all known aerobic phyla, is 
a vital component of the circadian component that governs the sleep schedule. Melatonin is the prototypical molecule 
that affects the circadian system (ie, chronobiotics).4,5 In both normal and blind patients, the circadian rhythm in pineal 
melatonin production and secretion as a hormone into the circulation is strongly related to the sleep rhythm.6 The onset of 
night-time melatonin release occurs approximately 2 hours before an individual’s habitual bedtime and has been shown 
to correspond with the onset of evening tiredness. Several studies have established a linkage between plasma melatonin 
levels to the physiological control of circadian processes that govern sleep proclivity.7,8

In humans, the pineal gland is the most obvious source of circulating melatonin, and a decrease in plasma melatonin 
is one of the hallmarks of aging.9 The hormone melatonin is robustly cytoprotective with substantial antioxidant, anti- 
inflammatory, and immunoregulating action in addition to its role as a primary coordinator of circadian rhythmicity.10 As 
a result, melatonin administration as therapy may effectively manage the low degree inflammation found in aging. This 
review focuses on the advantages and disadvantages of utilizing melatonin to treat sleep disturbances in the elderly.
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Aging and Sleep
Sleep is a reversible behavioral condition characterized by diminished perception leading to disengagement from and 
unresponsiveness to the environment.11 As noted above, getting the sleep that is both sufficient and of good quality daily 
is one of the cornerstones of healthy aging. The precise quantity of sleep required for good human health, on the other 
hand, varies significantly across and among individuals.

Sleep and aging are inextricably linked bidirectionally. Insufficient sleep, both in terms of duration and quality, can be 
harmful to one’s health and, as a result, contribute to the aging process. Sleep difficulties, on the other hand, frequently 
worsen with age due to the flattening and mistimed circadian rhythms (for example, melatonin production), and also the 
sleep-disturbing effects of age-related ailments and diseases.12

Norms for sleep characteristics were established in a representative population sample of 100 healthy volunteers aged 
19 to 77 years old using overnight polysomnography (PSG).13 Healthy people’s overall sleep length, the amount of time 
spent in each sleep stage, and the prevalence of sleep-disrupting events all altered as they got older. Specifically, sleep 
efficiency dropped from 87% to around 80% in senior people, with a reciprocal rise in sleep onset latency (SOL), the 
proportion of time spent in light sleep stages N1 and N2 (non-rapid eye movement, NREM), and waking after sleep onset 
(WASO). When compared to younger people, the elderly had a drop-in total sleep time (TST) from around 413 minutes 
to about 378 minutes. The frequency of apnea or hypopnea episodes per hour, as well as the apnea-hypopnea index 
(AHI), was higher in older participants. Notably, decreased oxygenation, as seen in sleep apnea, is known to be linked to 
an increased risk of cardiovascular disease.13 Reduced slow wave sleep (NREM deep sleep; Stage N3) and REM sleep 
were also age-related decrements. The elderly exhibited lower levels of NREM and REM sleep, as well as lower levels of 
delta activity, according to EEG spectral power assessments of polysomnographic data.14 In essence, as people become 
older, their sleep experiences become more fragmented, which encourages compensatory behaviors like taking more 
daytime naps.

Sleep has long been thought to be solely a central nervous system (CNS) phenomenon. It is a distinct physiological 
programmatic state from waking, consisting of two very different homeostatic states of all organs and systems, namely 
NREM and REM sleep. It’s as if we have three distinct bodies (wakefulness, slow wave sleep, and REM sleep) that must 
all work together to keep us healthy.15 A 76-year-old man who sleeps 8 hours a day has spent 50 years in wakefulness, 20 
years in slow-wave sleep, and 6 years in REM sleep. However, given that living in our modern 24/7 society has resulted 
in a 25% drop-in sleep hours over the last 40 years, the above equation now equates to around 56 years of waking, 15 
years of slow-wave sleep, and 5 years of REM sleep. As a result, we live in a sleep-deprived society where the 
sympathetic catabolic configuration of alertness surpasses the parasympathetic anabolic configuration of NREM sleep.15 

In the aged, this decrease in slow-wave sleep contributes to the imbalance of sleep, which leads to clear inflammaging 
promotion and other health repercussions, such as obesity, high blood pressure, diabetes, and neurodegenerative 
disorders.16

Furthermore, there is growing evidence that sleep problems such as insomnia and obstructive sleep apnea become 
more common as people become older. According to an epidemiological study, more than half of persons over the age of 
65 suffer from some sort of persistent sleep-related ailment.17

Several studies have found that sleep disturbance contributes significantly to neuropathology. Sleep deprivation18 

elevated cerebrospinal fluid (CSF) levels of amyloid β (Aβ)1–42 in healthy individuals. Furthermore, an animal study 
found a link between Aβ and alertness, with infusions of the wakefulness-related neuropeptide orexin increasing Aβ 
levels while an orexin antagonist, almorexant, lowered Aβ levels.19 As a result, while these findings do not yet permit 
a firm conclusion on the impact of sleep deprivation on the development of Alzheimer’s disease (AD) per se, the link 
between Aβ and being awake during sleep time should be taken very seriously.

Indeed, the reduction of NREM sleep is critical for the removal of brain waste. This is dependent on a process that 
significantly contributes to brain recovery processes: an active, lymphatic-like movement occurring in the extracellular 
space of the brain, driven by perivascular astrocytes (which are highly enriched in aquaporin-4) and changes in the 
vascular lumen (“glymphatic” system20). This exchange of solutes between the CSF and the interstitial fluid occurs 
primarily during NREM sleep, when the cerebral interstitial space expands by more than 60%, allowing CSF and 
interstitial fluid movement in the brain parenchyma.21 The aging human brain likely suffers from impairment of this 
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process. Various neurological illness states, such as stroke, traumatic brain injury, and AD, have thus been explained in 
terms of glymphatic dysfunction.22

It is of great interest that melatonin, a potent antioxidant, and neuroprotective substance, is secreted directly from the 
pineal into the third ventricle in both animals and man, from which it diffuses widely into brain tissue.23 There is 
evidence that melatonin is in higher concentrations than in blood and that in the brain it is capable of removing toxins 
such as Aβ from the central nervous system to protect against cognitive decline.24

Melatonin (N-acetyl-5-methoxytryptamine) contains two functional groups that result in its specificity and amphiphi-
licity ie, the 5-methoxy group and the N-acetyl side chain.25 Although the metabolic machinery to produce melatonin is 
found in a wide range of tissues circulating melatonin is derived from the pineal gland. The body’s master clock located 
in the hypothalamic suprachiasmatic nuclei (SCN) regulates melatonin production in the pineal. Once released into the 
blood, approximately 70% of melatonin is bound to albumin,26 while the rest diffuses easily into the surrounding tissues. 
Melatonin has a biexponential half-life in the blood, with a first distribution half-life of 2 minutes and the second half-life 
of roughly 20 minutes.9 In a single pass, the liver removes 92–97% of melatonin from circulation.27 Melatonin is 
metabolized in the liver by cytochrome P450 monooxygenases (isoenzymes CYP1A1, CYP1A2, and to a lesser degree 
CYP1B1) and with sulphate conjugation is then excreted as 6-sulphatoxymelatonin. Melatonin is also demethylated by 
CYP1A2 and, to a lesser extent, CYP2C19 to its precursor N-acetylserotonin. The brain contains specialized melatonin 
deacetylases as well as less specific aryl acylamidases.27

About one-third of total melatonin metabolism in the brain is attributable to oxidative pyrrole-ring breakage to N1- 
acetyl-N2-formyl-5-methoxykynuramine (AFMK), which is then deformylated to N1-acetyl-5-methoxykynuramine 
(AMK) by arylamine formamidase or heme peroxidase.28 Other oxidative catabolites produced include 2-hydroxymela-
tonin and cyclic 3-hydroxymelatonin. AFMK and AMK interact with reactive oxygen and nitrogen acting as antiox-
idants. Melatonin synthesis has been documented in mitochondria resulting in a high concentration in immediate 
juxtaposition to those reactive oxygen species.29 Melatonin and its endogenous metabolites protect mitochondrial 
electron flow via this mechanism.30

In humans, two Gi-protein-coupled membrane melatonin receptors have currently been identified.31 In terms of amino 
acid sequence, the MT1 receptor sequence is 60% like the MT2 receptor. Furthermore, a third receptor (GPR50) has 45% 
of the amino acid sequence with MT1 and MT2 although it does not bind melatonin.

The SCN, choroid plexus, cerebellum and prefrontal cortex, hippocampus, nucleus accumbens, basal ganglia, 
substantia nigra, ventral tegmental region, and retinal horizontal, amacrine, and ganglion cells have all been established 
as containing MT1 and MT2 receptors.32 MT1 receptors are abundant in the human SCN, especially in neurons that 
contain vasopressin. In contrast, the MT2 receptors are found in the SCN of many animals and when present is 
particularly critical for circadian phase-shifting.33

Pineal melatonin is an essential coordinator for circadian rhythm. Melatonin is a “signal” from the biological clock 
and responds to SCN activation. Therefore, melatonin cycle timing reveals both the phase of the body clock (ie, internal 
clock time relative to external clock time) and amplitude. In the late afternoon, melatonin decreases the wakefulness- 
promotion by SCN, inducing sleep.34 Melatonin, on the other hand, is a chemical signal of the night: the longer the night, 
the longer the length of its release. Melatonin secretion is a temporal cue for seasonal rhythms in most mammalian 
species.35

Melatonin synthesis, and hence its CSF and blood levels, are circadian and tightly linked with the ambient light/dark 
cycle. Indeed, in all mammalian species, the circadian pineal synthesis of melatonin is confined to the dark phase of the 
light/dark cycle. It is worth noting that melatonin is always generated at night, regardless of the species’ day routine of 
activity/rest, demonstrating a strong link with the external photoperiod. Furthermore, melatonin is synthesized at night 
but only when there is no light in the surroundings.

Light during the night, notably in the blue range, activates specialized retinal melanopsin-containing retinal ganglion 
cells that travel via the retinohypothalamic tract to the SCN to inhibit ultimately pineal sympathetic norepinephrine 
release and, as a result, decrease or abolish melatonin production.36

The effects of the internal zeitgeber melatonin on the circadian clock are time-dependent, much as but opposite to, the 
effects of the external zeitgeber light. Melatonin given to rats daily can change the phase of the circadian clock, and 
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a similar effect could explain the influence of melatonin on sleep in humans. An important clinical example provided 
indirect support for such a physiological involvement: clinical trials on blind patients (who have free-running circadian 
rhythms) were successfully synchronized by treatment with melatonin.5 The revelation that the phase response curve for 
melatonin is opposite (ie, around 180 degrees out of phase) to that of light offers more concrete evidence for this 
notion.37

As previously stated, circulating melatonin in animals and humans is virtually all obtained from the pineal. 
Additionally, melatonin is generated locally in most cells, tissues, and organs, including lymphocytes, bone marrow, 
the thymus, the gastrointestinal system, the skin, and the eyes, where it can have an autocrine or paracrine role38 Indeed, 
there is now compelling evidence that melatonin is synthesized in every animal cell with mitochondria.39 Melatonin 
engages in a variety of physiological tasks in both animals and humans, not only indicating the length of the night but 
also improving the removal of free radicals and immunological responses, as well as having both anti-inflammatory and 
cytoprotective actions.40

Melatonin and Sleep
Not only should an ideal hypnotic reduce sleep onset latency, but it should also boost total sleep time and sleep efficiency. 
Furthermore, the ideal hypnotic medicine should not have undesirable side effects such as impaired memory, cognition, 
next psychomotor slowdown, day hangover symptoms, or the possibility of misuse. Many of these conditions are 
satisfied by melatonin, as evidenced by various consensus declarations and meta-analysis articles.8,41–46

Melatonin is a potent chronobiotic with mild hypnotic properties. Daily dosages of 2–5 mg melatonin, timed to 
advance the phase of the internal clock through interaction with MT1 receptors in the SCN, sustain circadian rhythm 
synchronization to a 24-h cycle in sighted people who live in situations that are prone to produce a free-running 
rhythm.37 Melatonin synchronizes a person’s rhythm after a brief time of free running. By administering melatonin to 
blind subjects with free-running rhythms, researchers were able to stabilize or entrain, the sleep/wake cycle to 24 hours, 
resulting in improved sleep and mood.5 In recent month-long crossover research, 24 healthy older individuals were given 
a placebo for two weeks and then either 0.3 mg or 5 mg of melatonin 30 minutes before going to bed. The 5 mg 
melatonin dosage considerably boosted sleep efficiency throughout both biological day and night, mostly by extending 
the duration of Stage 2 non-REM sleep and somewhat reducing awakenings.47

Melatonin therapy helps to minimize variance in sleep start time in normal aged adults and dementia patients with 
disrupted synchronization of the sleep/wake cycle. Melatonin’s phase-shifting effects are also adequate to explain its 
efficacy as a therapy for circadian-related sleep disorders such as jet lag and delayed phase sleep syndrome.48,49

Melatonin and BZD Use in Insomniacs
Insomnia is a relatively prevalent illness that is typically related to medical and psychological problems. In the United 
States, the overall economic cost of insomnia has been estimated to reach up to $107.5 billion per year.50 According to 
epidemiological findings, 12–20% of people over the age of 65 suffer from insomnia, and up to 40% are dissatisfied with 
their sleep or have difficulty beginning or sustaining sleep. Epidemiological studies on the elderly have found a link 
between insomnia, particularly with decreased or fragmented sleep, and an increased risk of accidents and falls.51

It is not unexpected, then, that the elderly take hypnotics more often, with 30 to 40% of the elderly using BZD and 
related Z medications to improve their sleep. However, adverse effects of hypnotics are more prevalent in the elderly due 
both to increased sensitivity of the aging neurological system as well as to decreasing amounts of serum albumin, the 
major protein binding the medication in the circulation. As a result, hypnotic medicines operate differently and less 
predictably in older persons compared to their younger counterparts.52

Elderly individuals are frequently treated either for longer periods or with larger dosages of hypnotic medicines BZD/ 
Z drugs than is indicated. Such failure to adapt individual dosing to the pharmacokinetic and pharmacodynamic changes 
caused by aging and/ or concomitant medical issues can make therapy more difficult and even dangerous. As a result, 
chronic and widespread use of BZD/Z medicines has become a significant public health issue, prompting attempts to 
decrease their prescribing, particularly in Europe.53
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Most studies recommend avoiding the long-acting BZD as well as using hypnotics for the shortest time that is feasible 
in elderly patients, usually no more than 2–3 weeks. The most obvious technique is to taper the medicine; sudden 
discontinuation is only appropriate if a very major side effect occurs during therapy. There is no strong data to 
recommend the best rate of tapering, with timetables ranging from 4 weeks to many months. However, because they 
become dependent, most patients continued to take BZD or medicines for extended periods.

The discovery that following pinealectomy (Px), brain GABA concentration rose and was counteracted by melatonin 
was the first evidence of a possible link between pineal and brain GABAergic neurons.54 Melatonin’s inhibitory function 
was shown in Px-induced seizures in gerbils55 and kindled seizures in rats.56 Melatonin has a definitive anticonvulsant 
impact when administered alone to adult rats, hamsters, guinea pigs, cats, and baboons while in mice it enhances the 
anticonvulsant activity of phenobarbital and carbamazepine against electroshock-induced seizures.57,58 Its anticonvulsant 
impact has been linked to both MT1 and MT2 receptors.59–62 and comparable anti-seizure actions have been reported 
with the MT1/MT2 agonist ramelteon.63 Melatonergic drugs’ anti-excitatory effects are also linked to their anxiolytic, 
antihyperalgesic, and antinociceptive properties.64–66

CNS synapses using GABA as an inhibitory transmitter are targets for pineal melatonin activity.67 Melatonin 
improves GABA binding by GABAA receptors in vitro and in vivo, and allosterically blocks the binding of caged 
convulsants to GABA-gated chloride channels in the rat brain.68 Moreover melatonin competes for diazepam binding 
sites with micromolar affinity in rat, human, and bovine brain membranes, implying a direct interaction at the level of the 
BZD binding pocket, which is situated at the subunit interface of the GABAA receptor complex.

In vivo electrophysiological investigations in the mammalian brain have shown that nanomolar melatonin concentra-
tions enhance GABAergic regulation of neuronal activity.69 Electrophysiological investigations in vitro have revealed 
that the MT1 receptor is linked to increased GABAergic activity in hypothalamic slices, but that the MT2 receptor is tied 
to the reverse effect in hippocampal slices.70 Consistent with the MT1 receptor subtype’s relatively high expression, 
melatonin’s principal function in the rat SCN is to suppress neuronal activity.71 Melatonin was shown to increase GABA- 
induced currents and GABAergic micro inhibitory postsynaptic currents in cultured rat hippocampus neurons, an action 
that was reduced by the BZD receptor antagonist flumazenil.72

European health authorities are gradually instituting rules and making suggestions to minimize the use of BZD and 
BZD-like Z medicines. Despite national guidelines and recommendations, however, the efforts have usually not been 
successful, and the use of these medications has increased. The more obvious technique for reducing chronic BZD usage 
is the reduction of doses; rapid discontinuation is only acceptable if a major side effect arises during therapy. There is no 
clear data on the best rate of change, and timeframes for tapering extend from 4 weeks to many months.

Melatonin has been proposed for usage in BZD/Z drug withdrawal. Since the initial documented series of elderly 
patients with decreased BZD intake following melatonin therapy was reported in 1997,73 there have been publications 
both supporting74–79 and refuting it.80–82 Recent conflicting meta-analyses and systematic reviews continue this 
contention.83,84

According to a study that examined and evaluated both the impact of anti-BZD/Z-drug campaigns and the availability 
of melatonin pharmacotherapy on BZD and Z-drug consumption in several European countries, such campaigns failed 
when they were not also associated with the availability of melatonin on the market.53 Reimbursement for melatonin 
supported higher penetration rates and lower sales for BZD/Z-drugs in this pharmacoepidemiologic investigation.

Melatonin and Sleep in Neurodegenerative Disorders
Sleep disruptions have been linked to memory and cognitive impairment in cross-sectional research.85,86 A substantial 
disturbance of circadian timing occurs in AD, as evidenced by changes in several biological rhythms such as body 
temperature, glucocorticoids, and/or plasma melatonin. Internal body rhythm desynchronization is prominent in AD 
patients. “Sundowning”, a chronobiological dysfunction reported in AD, is one such developing symptom.87 Sundowning 
symptoms include disordered thinking, a reduced ability to pay attention to external stimuli, agitation, wandering, and 
perceptual and emotional abnormalities, all of which manifest in the late afternoon or early evening. Strong light 
exposure and timed melatonin delivery at specific circadian times relieved sundowning symptoms and improved sleep- 
wake patterns in AD disease patients.88,89
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Even in the preclinical stages of AD, when patients have no cognitive impairment, CSF melatonin levels fall, 
indicating that CSF melatonin reduction may be an early cause and marker for Alzheimer’s disease.90 Although it is 
unknown whether melatonin deficiency is a result or a cause of neurodegeneration, it is clear that melatonin deficiency 
exacerbates the illness, and that early circadian disruption may be an important deficit to consider and correct. Melatonin 
levels differ significantly between those with moderate cognitive impairment (MCI) and AD91 such that there is 
a negative connection between the neuropsychological evaluation of dementia and melatonin levels. Thus, low melatonin 
equated to more cognitive impairment.

MCI is diagnosed in those who have an objective and demonstrable impairment in cognitive processes but who are 
still able to perform daily tasks. Estimates of yearly conversion rates to dementia vary between studies but can reach as 
high as 10–15%, with MCI constituting a clinically essential stage for detecting and treating patients at risk.92 It has been 
established that the degeneration process in the AD brain begins 20–30 years before the disease’s clinical presentation. 
Plaques and the burden of tangles rise during this period, and the first symptom only develops once a particular level is 
reached. Several meta-analyses demonstrate that melatonin treatment improves sleep in MCI patients.93–95 Furthermore, 
both melatonin and melatonergic agonists are useful in the treatment of delirium, an acute condition of mental 
disorientation that can lead to a variety of negative consequences in elderly patients in critical care units.96

An examination of published data on the use of melatonin in the early stages of cognitive decline revealed that taking 
melatonin every night before retiring improves sleep quality and cognitive performance at this stage of the disease.93,97 

In one of the authors’ laboratories, a retrospective analysis of 25 patients with MCI who had received a daily dose of 3– 
9 mg of melatonin along with their usual medication in the previous three years was carried out.79 Melatonin-treated 
patients improved cognitive and emotional function, as well as sleep/wake cycle quality, as compared to an untreated 
group. Another study included 96 outpatients with mild cognitive impairment, 61 of whom had been taking 3–24 mg of 
melatonin daily for 15 to 60 months.98 Melatonin-treated patients performed much better on several cognitive tests. 
They also had decreased Beck Depression Inventory ratings, which coincided with improvements in sleep and 
wakefulness.

Motor symptoms in Parkinson’s disease occur only after roughly 3/4 of the dopaminergic cells in the substantia nigra 
pars compacta are destroyed. However, non-motor symptoms, such as REM sleep behavior disorder (RBD), may occur 
years before the start of frank Parkinson’s disease and as such may be an indicator of a poor prognosis. RBD is 
a parasomnia characterized by dream-related vocalizations and/or complicated motor actions due to REM sleep muscle 
atonia.99 It affects roughly 1% of normal individuals, compared to 20% to 50% of those with Parkinson’s disease. The 
research implies that RBD may be a prodrome to synucleinopathies such as Parkinson’s disease. Most RBD patients, 
particularly males over 50, will progress to α-synucleinopathy, with a typical conversion gap of 10 years from the time of 
RBD start.100

A daily dose of 3–12 mg of melatonin at bedtime is useful in the treatment of RBD and may stop the progression of 
Parkinson’s disease.99,101 Polysomnography in RBD patients treated with melatonin revealed substantial reductions in the 
number of R epochs without atony and movement duration during REM sleep, in contrast to the persistence of muscular 
tone in R sleep shown in clonazepam patients. Based on these findings, a clinical consensus suggested using melatonin in 
RBD.102 More high-quality research, however, is required.103

In recent research, 171 individuals who took 2 mg of melatonin daily were assessed using a specific RDB 
questionnaire.104 RBD symptom intensity decreased gradually over the first four weeks of therapy with melatonin and 
remained stable for up to 0.6–21.7 years. RBD symptoms gradually resurfaced after only 1–3 months of treatment. RBD 
symptoms remained in the absence of melatonin and did not fade over time.104

Based on the significant conversion rate of idiopathic RBD to Parkinson’s, several consensus statements have been 
claimed for the application of neuroprotective medicines in RBD. The rate of conversion to synucleinopathy is 
particularly high in RBD patients treated with clonazepam.100 Although similar data for RBD patients treated with 
melatonin are not yet available, a case report merits consideration.105 A 72-year-old male RBD patient treated with 2 mg 
slow-release melatonin daily showed an increase in dopamine transporter density (as measured by dopamine transporter 
scintigraphy) over time. The clinical and electrophysiologic indications of RBD vanished after 6 months of progressive 
recovery. While the examination prior to melatonin therapy revealed clear evidence of Parkinson’s disease, the 
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examination two years later was deemed suspect, with no signs of Parkinson’s disease present four years later. Melatonin 
may play a neuroprotective effect in synucleinopathy, according to these findings.105

Safety for the Clinical Use of Melatonin
Melatonin is surprisingly non-toxic, with a high level of safety. The lethal dose 50 (LD50) of melatonin for intraper-
itoneal injection in rats (1168 mg/kg) and mice (1131 mg/kg) could not be attained following oral administration of 
melatonin (tested up to 3200 mg/kg in rats) or subcutaneous injection of melatonin (tested up to 1600 mg/kg in rats and 
mice).106 Unlike many other compounds, the Merck Index (https://www.rsc.org/merck-index) does not include an LD50 
for this chemical, and the Merck Safety data sheet specifies an LD50 of >3.2 g/kg for a single oral dosage in rats, 
indicating that it is not poisonous. Melatonin’s extraordinary absence of toxicity in humans up to 100 mg has been 
demonstrated in dosage escalation trials.107,108 Large dosages of melatonin have been used in a variety of illnesses with 
no negative consequences; in people, melatonin has a high safety profile and is generally well tolerated (see ref.109). 
According to a recent study, the number of US individuals aged 65 and over who have used melatonin in the last month 
has increased threefold over the last two decades.110

Melatonin is available as a medicament in both controlled-release and immediate-release formulations. For chron-
obiotic effects and sleep induction, immediate-release melatonin is the more effective formulation. Melatonin is very 
widely accessible as an over-The-counter dietary supplement in various countries, and as a food additive in the United 
States, where an estimated 3.1 million individuals (1.3% of US adults) consume it daily.111 The manufacturing quality 
and bioavailability of melatonin and the potential contaminants differ widely in these unlicensed melatonin 
preparations.112,113 As a result, although melatonin does not have significant toxicity at the provided levels, it is as yet 
impossible to make more comprehensive conclusions about melatonin’s potential undesirable side effects and especially 
those after long-term use.

A report on melatonin prescription stated that it was prescribed in 82% of communities in data obtained from 250 
randomly chosen assisted living communities among 5777 inhabitants across seven states in the United States and 
weighted to an estimated 4043 communities and 152,719 people.114 Prescriptions were more likely in facilities that had 
a registered nurse or licensed practical nurse on staff and whose health care supervisor was more supportive of non- 
pharmacologic approaches.

Adverse effects in melatonin clinical trials for primary or secondary sleep disorders were typically few, mild to 
moderate in intensity, and either self-limiting or resolved promptly after treatment discontinuation. In a systematic review 
and meta-analysis of the therapeutic effect of exogenous melatonin on depressive symptoms, 8 out of 19 studies 
discussed adverse events associated with melatonin administration (eg, headache, daytime sleepiness, dizziness, poor 
sleep, insomnia, a fuzzy feeling, altered bowel habits, and tachycardia), with six reporting data on adverse events.115 The 
average rate of adverse events was 16.41% in the melatonin group and 14.73% in the placebo group. In this set of trials, 
a meta-analysis revealed no significant difference in adverse events between the melatonin and placebo groups.115

A comprehensive study of the negative consequences of oral melatonin supplementation has been conducted.116 26 of 
the 50 publications revealed no statistically significant adverse events, whereas 24 reported at least one statistically 
significant adverse event. Adverse effects were typically small, brief, and readily handled, with tiredness, mood, or 
psychomotor and neurocognitive function being the most often reported. A few studies reported adverse effects including 
endocrine (eg, reproductive parameters, glucose metabolism) and cardiovascular (eg, blood pressure, heart rate) function, 
which appear to be regulated by dosage, dose timing, and possible interactions with antihypertensive medications.116

A search of the literature was done to find randomized, placebo-controlled trials (RCTs) of exogenous melatonin used 
to treat primary or secondary sleep disturbances.117 The adverse effects that were most reported in the 37 RCTs identified 
were daytime drowsiness (1.66%), headache (0.74%), other sleep-related adverse effects (0.74%), dizziness (0.74%), and 
hypothermia (0.62%). There were very few severe or clinically significant occurrences. Agitation, weariness, mood 
fluctuations, nightmares, skin discomfort, and palpitations were among them. Most adverse effects disappeared sponta-
neously after a few days with no melatonin modification, or promptly upon drug discontinuation. The authors stated that 
the lack of data from long-term RCTs restricts their findings on the safety of continuous melatonin treatment over lengthy 
periods.117
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Another meta-analysis includes RCTs on high-dose melatonin (>10 mg) in human adults over the age of 30.118 The 
number of adverse events, significant adverse events, and withdrawals owing to adverse events were the outcomes studied. 
There was no mention of the existence or absence of harmful effects in 29 studies (37%). Melatonin did not produce 
a noticeable increase in significant adverse events or withdrawals in the four trials that fulfilled the pre-specified low risk of 
bias criteria, although it did appear to raise the likelihood of adverse events such as sleepiness, headache, and dizziness.118

Uncontrolled melatonin usage in children has been noted as a growing health issue in the melatonin literature.119 

Between 2012 and 2021, the yearly number of pediatric melatonin ingestions climbed by 530%, with a total of 260,435 
ingestions recorded. Pediatric hospitalizations and bad outcomes rose as well, owing mostly to a rise in inadvertent 
melatonin ingestions in children aged 5 years. Increased usage of over-The-counter melatonin (particularly when 
consumed like candy) may put youngsters at risk of harmful effects.119

Concluding Remarks
Melatonin is a pleiotropic chemical agent with numerous cellular and systemic functions. Its anti-oxidant, anti- 
inflammatory, anticoagulopathic, and endothelium-protective properties are just a few examples. As far as sleep is 
concerned, melatonin is not meant for all types of sleep disorders but has a limited scope in adults and children. For 
example, melatonin is effective in treating circadian desynchronosis (eg, delayed sleep phase syndrome in children; 
advanced sleep phase syndrome and old-age insomnia in the elderly, and shift work disorders and transitory jetlag 
disorder).120–122 Additionally, other studies point to the fact that melatonin is useful in psychiatric and neurological (eg, 
autism, neurodegenerative diseases) dysfunctions.43,123,124

Melatonin clinical research has expanded beyond therapy of sleep problems into a variety of additional possible 
applications as our understanding of its physiological activities grows. Aside from the neurodegenerative diseases men-
tioned above, applications include cardiovascular disorders, cancer adjuvant treatment, side effects of conventional cancer 
treatments, treatment of liver diseases and injuries, fertility support, post-surgical recovery, gastrointestinal disorders, and 
many more. To minimize adverse effects and maximize possible advantages in future therapeutic applications, the intricacy 
of melatonin’s interaction with the complete range of human physiological systems must be thoroughly elucidated.

Aging is accompanied by circadian changes, such as a disturbed sleep/wake cycle, as well as the emergence of low- 
degree inflammation (“inflammaging”), a scenario that leads to several chronic illnesses, including cancer, metabolic, 
cardiovascular, and neurological disorders. As a result, any effective approach to healthy aging must consider both the 
repair of circadian disturbance and the regulation of low-grade inflammation. Melatonin combines two features for use in 
human medicine: chronobiotic and cytoprotection through reducing low-grade inflammation. Melatonin is found in 
almost every cell of the human body, in far higher concentrations than that seen in blood drawn from the pineal gland. To 
change intracellular melatonin levels, dosages substantially greater than those used as a chronobiotic are required. 
Melatonin’s remarkable evolutionary conservation strongly implies that its cytoprotective actions are important for cell 
function. This area is gaining more scientific attention.

In the meanwhile, the toxicity of long-term melatonin usage should be investigated. Several potentially helpful effects 
of melatonin, such as those in neurodegenerative illnesses or metabolic syndrome, require substantial doses of melatonin 
to become visible in animal experiments. Melatonin is very widely accessible as an over-The-counter dietary supplement 
in various countries, and as a food additive in the United States. However, the manufacturing quality and bioavailability 
of melatonin and the potential contaminants differ widely in these unlicensed melatonin preparations. Indeed, melatonin 
has come under close scientific scrutiny over the years due to its widespread use as a dietary supplement, the numerous 
media hypes, and frenzies, as well as its cult status and unsubstantiated therapeutic claims. Melatonin, for instance, has 
been called the “elixir of life”, the “hormone of darkness”, the “Princess Diana drug”, the “Dracula hormone”, “sleep 
hormone”, “ ‘nature’s sleeping aid”, and “cure all pill.”125 But extensive studies on melatonin over the years have shed 
light on its many potential functions (what it is good for), going beyond what was anticipated in terms of its ability to 
safeguard human health and well-being. Melatonin is generally safe in adults and children in short- (few weeks) and 
medium-term use (<18 months). Despite this, there are disagreements and issues with melatonin’s quality, efficacy, and 
safety profile. In other words, there are “unknown unknowns” and “known unknowns”. Some of the causes have been 
briefly discussed here.
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Melatonin is recognised as a natural food supplement or nutraceutical in most nations. This explains why, when, 
where, and how melatonin is deficient. Long-term studies on animals show that melatonin affects the reproductive axis 
(eg, delay of sexual maturation). Until now, there are no long-term safety data for humans (>6 months to >2 years of 
treatment). The fact that melatonin is typically not considered a drug, creates more issues. Over the years, for instance, 
some members of the public believe that melatonin is a well-liked and widely accessible over-The-counter (OTC) “cure- 
all pill” that does not require a prescription. This increases abuse potential. Many businesses produce and market 
melatonin due to its enormous commercial potential and laxer regulatory requirements. There have been reports of 
contaminants and dosage inconsistencies. This in turn will affect the products’ effectiveness and safety.

The immunological aspects of melatonin are not fully understood40 Additional issues include the lack of long-term 
safety data, the claimed vs actual content of melatonin formulations, presence of impurities and potential contaminations, 
an ignorance of melatonin-drug interactions, and inter-individual variation in melatonin response.113,126–129

Finally, one must realise that melatonin by itself is not responsible for this. When looking at the history of 
pharmaceuticals as a whole, it becomes clear that many drugs came to light because of impurities, poisoning, or 
dangerous side effects. For instance, thalidomide (“phocomelia”), paracetamol (poisoning), and tryptophan (eosinophilia 
myalgia syndrome), to name a few. This does not render the drugs ineffective. This applies to formulations with 
melatonin as well. Physicians and patients should carefully and continuously evaluate any products or molecules when 
there is a lack of supporting evidence. A prudent use or judicial prescription based on ethical principles, therapeutic 
evidence, and guidelines could prevent future complications. In this regard, melatonin usage needs to be made more 
widely known to both medical professionals and the general public.This would dispel many of the myths surrounding 
melatonin.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Welz PS, Benitah SA. Molecular connections between circadian clocks and aging. J Mol Biol. 2020;432(12):3661–3679. doi:10.1016/J. 

JMB.2019.12.036
2. Fulop T, Larbi A, Pawelec G, et al. Immunology of aging: the birth of inflammaging. Clin Rev Allergy Immunol. 2021. doi:10.1007/S12016- 

021-08899-6
3. Borbély AA, Daan S, Wirz-Justice A, Deboer T. The two-process model of sleep regulation: a reappraisal. J Sleep Res. 2016;25(2):131–143. 

doi:10.1111/JSR.12371
4. Dawson D, Armstrong SM. Chronobiotics - Drugs that shift rhythms. Pharmacol Ther. 1996;69(1):15–36. doi:10.1016/0163-7258(95)02020-9
5. Skene DJ, Arendt J. Circadian rhythm sleep disorders in the blind and their treatment with melatonin. Sleep Med. 2007;8(6):651–655. 

doi:10.1016/j.sleep.2006.11.013
6. Emens JS, Eastman CI. Diagnosis and treatment of non-24-h sleep-wake disorder in the blind. Drugs. 2017;77(6):637–650. doi:10.1007/ 

S40265-017-0707-3
7. Gobbi G, Comai S. Sleep well. Untangling the role of melatonin MT1 and MT2 receptors in sleep. J Pineal Res. 2019;66(3). doi:10.1111/ 

JPI.12544
8. Auld F, Maschauer EL, Morrison I, Skene DJ, Riha RL. Evidence for the efficacy of melatonin in the treatment of primary adult sleep disorders. 

Sleep Med Rev. 2017;34:10–22. doi:10.1016/j.smrv.2016.06.005
9. Claustrat B, Leston J. Melatonin: physiological effects in humans. Neurochirurgie. 2015;61(2–3):77–84. doi:10.1016/J.NEUCHI.2015.03.002

10. Cardinali DP. Melatonin as a chronobiotic/cytoprotector: its role in healthy aging. Biol Rhythm Res. 2019;50(1):28–45. doi:10.1080/092910 
16.2018.1491200

11. Cirelli C, Tononi G. Is sleep essential? PLoS Biol. 2008;6(8):1605–1611. doi:10.1371/JOURNAL.PBIO.0060216
12. Hardeland R. Melatonin and circadian oscillators in aging–a dynamic approach to the multiply connected players. Interdiscip Top Gerontol. 

2015;40:128–140. doi:10.1159/000364975
13. Mitterling T, Högl B, Schönwald SV, et al. Sleep and respiration in 100 healthy caucasian sleepers–a polysomnographic study according to 

American academy of sleep medicine standards. Sleep. 2015;38(6):867–875. doi:10.5665/SLEEP.4730
14. Skeldon AC, Derks G, Dijk DJ. Modelling changes in sleep timing and duration across the lifespan: changes in circadian rhythmicity or sleep 

homeostasis? Sleep Med Rev. 2016;28:96–107. doi:10.1016/J.SMRV.2015.05.011
15. Cardinali DP. Autonomic Nervous System: Basic and Clinical Aspects. Springer, Cham; 2017. doi:10.1007/978-3-319-57571-1
16. Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A. Inflammaging: a new immune-metabolic viewpoint for age-related diseases. Nat Rev 

Endocrinol. 2018;14(10):576–590. doi:10.1038/S41574-018-0059-4
17. Foley DJ, Monjan AA, Brown SL, Simonsick EM, Wallace RB, Blazer DG. Sleep complaints among elderly persons: an epidemiologic study of 

three communities. Sleep. 1995;18(6):425–432. doi:10.1093/SLEEP/18.6.425

Nature and Science of Sleep 2022:14                                                                                               https://doi.org/10.2147/NSS.S380465                                                                                                                                                                                                                       

DovePress                                                                                                                       
1851

Dovepress                                                                                                                                                        Cardinali et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/J.JMB.2019.12.036
https://doi.org/10.1016/J.JMB.2019.12.036
https://doi.org/10.1007/S12016-021-08899-6
https://doi.org/10.1007/S12016-021-08899-6
https://doi.org/10.1111/JSR.12371
https://doi.org/10.1016/0163-7258(95)02020-9
https://doi.org/10.1016/j.sleep.2006.11.013
https://doi.org/10.1007/S40265-017-0707-3
https://doi.org/10.1007/S40265-017-0707-3
https://doi.org/10.1111/JPI.12544
https://doi.org/10.1111/JPI.12544
https://doi.org/10.1016/j.smrv.2016.06.005
https://doi.org/10.1016/J.NEUCHI.2015.03.002
https://doi.org/10.1080/09291016.2018.1491200
https://doi.org/10.1080/09291016.2018.1491200
https://doi.org/10.1371/JOURNAL.PBIO.0060216
https://doi.org/10.1159/000364975
https://doi.org/10.5665/SLEEP.4730
https://doi.org/10.1016/J.SMRV.2015.05.011
https://doi.org/10.1007/978-3-319-57571-1
https://doi.org/10.1038/S41574-018-0059-4
https://doi.org/10.1093/SLEEP/18.6.425
https://www.dovepress.com
https://www.dovepress.com


18. Ooms S, Overeem S, Besse K, Rikkert MO, Verbeek M, Claassen JAHR. Effect of 1 night of total sleep deprivation on cerebrospinal fluid β- 
amyloid 42 in healthy middle-aged men: a randomized clinical trial. JAMA Neurol. 2014;71(8):971–977. doi:10.1001/ 
JAMANEUROL.2014.1173

19. Kang JE, Lim MM, Bateman RJ, et al. Amyloid-beta dynamics are regulated by orexin and the sleep-wake cycle. Science. 2009;326 
(5955):1005–1007. doi:10.1126/SCIENCE.1180962

20. Iliff JJ, Wang M, Liao Y, et al. A paravascular pathway facilitates CSF flow through the brain parenchyma and the clearance of interstitial 
solutes, including amyloid β. Sci Transl Med. 2012;4(147). doi:10.1126/scitranslmed.3003748

21. Jessen NA, Munk ASF, Lundgaard I, Nedergaard M. The glymphatic system: a beginner’s guide. Neurochem Res. 2015;40(12):2583–2599. 
doi:10.1007/s11064-015-1581-6

22. Braun M, Iliff JJ. The impact of neurovascular, blood-brain barrier, and glymphatic dysfunction in neurodegenerative and metabolic diseases. 
Int Rev Neurobiol. 2020;154:413–436. doi:10.1016/bs.irn.2020.02.006

23. Leston J, Harthé C, Mottolese C, Mertens P, Sindou M, Claustrat B. Is pineal melatonin released in the third ventricle in humans? A study in 
movement disorders. Neurochirurgie. 2015;61(2–3):85–89. doi:10.1016/J.NEUCHI.2013.04.004

24. Reiter RJ, Sharma R, Rosales-Corral S, et al. Melatonin in ventricular and subarachnoid cerebrospinal fluid: its function in the neural 
glymphatic network and biological significance for neurocognitive health. Biochem Biophys Res Commun. 2022;605:70–81. doi:10.1016/J. 
BBRC.2022.03.025

25. Xie X, Ding D, Bai D, et al. Melatonin biosynthesis pathways in nature and its production in engineered microorganisms. Synth Syst Biotechnol. 
2022;7(1):544–553. doi:10.1016/J.SYNBIO.2021.12.011

26. Cardinali DP, Lynch HJ, Wurtman RJ. Binding of melatonin to human and rat plasma proteins. Endocrinology. 1972;91(5):1213–1218. 
doi:10.1210/ENDO-91-5-1213

27. Moroni I, Garcia-Bennett A, Chapman J, Grunstein RR, Gordon CJ, Comas M. Pharmacokinetics of exogenous melatonin in relation to 
formulation, and effects on sleep: a systematic review. Sleep Med Rev. 2021;57. doi:10.1016/j.smrv.2021.101431

28. Hardeland R. Melatonin metabolism in the central nervous system. Curr Neuropharmacol. 2010;8(3):168–181. doi:10.2174/ 
157015910792246244

29. Suofu Y, Li W, Jean-Alphonse FG, et al. Dual role of mitochondria in producing melatonin and driving GPCR signaling to block cytochrome c 
release. Proc Natl Acad Sci U S A. 2017;114(38):E7997–E8006. doi:10.1073/PNAS.1705768114

30. Tan DX, Manchester LC, Terron MP, Flores LJ, Reiter RJ. One molecule, many derivatives: a never-ending interaction of melatonin with 
reactive oxygen and nitrogen species? J Pineal Res. 2007;42(1):28–42. doi:10.1111/j.1600-079X.2006.00407.x

31. Dubocovich ML, Delagrange P, Krause DN, Sugden D, Cardinali DP, Olcese J. International union of basic and clinical pharmacology. LXXV. 
Nomenclature, classification, and pharmacology of G protein-coupled melatonin receptors. Pharmacol Rev. 2010;62(3). doi:10.1124/ 
pr.110.002832

32. Ng KY, Leong MK, Liang H, Paxinos G. Melatonin receptors: distribution in mammalian brain and their respective putative functions. Brain 
Struct Funct. 2017;222(7):2921–2939. doi:10.1007/S00429-017-1439-6

33. Liu C, Weaver DR, Jin X, et al. Molecular dissection of two distinct actions of melatonin on the suprachiasmatic circadian clock. Neuron. 
1997;19(1):91–102. doi:10.1016/S0896-6273(00)80350-5

34. Lavie P. Melatonin: role in gating nocturnal rise in sleep propensity. J Biol Rhythms. 1997;12(6):657–665. doi:10.1177/074873049701200622
35. Clarke IJ, Caraty A. Kisspeptin and seasonality of reproduction. Adv Exp Med Biol. 2013;784:411–430. doi:10.1007/978-1-4614-6199-9_19
36. Lax P, Ortuño-Lizarán I, Maneu V, Vidal-Sanz M, Cuenca N. Photosensitive melanopsin-containing retinal ganglion cells in health and disease: 

implications for circadian rhythms. Int J Mol Sci. 2019;20(13). doi:10.3390/IJMS20133164
37. Lewy A. Clinical implications of the melatonin phase response curve. J Clin Endocrinol Metab. 2010;95(7):3158–3160. doi:10.1210/jc.2010- 

1031
38. Acuña-Castroviejo D, Escames G, Venegas C, et al. Extrapineal melatonin: sources, regulation, and potential functions. Cell Mol Life Sci. 

2014;71(16):2997–3025. doi:10.1007/s00018-014-1579-2
39. Tan DX, Reiter RJ. Mitochondria: the birth place, battle ground and the site of melatonin metabolism in cells. Melatonin Res. 2019;2(1):44–66. 

doi:10.32794/mr11250011
40. Hardeland R. Melatonin and inflammation—Story of a double-edged blade. J Pineal Res. 2018;65(4). doi:10.1111/jpi.12525
41. Ferracioli-Oda E, Qawasmi A, Bloch MH. Meta-analysis: melatonin for the treatment of primary sleep disorders. PLoS One. 2013;8(5). 

doi:10.1371/JOURNAL.PONE.0063773
42. Chen S, Shi LG, Liang F, et al. Exogenous melatonin for delirium prevention: a meta-analysis of randomized controlled trials. Mol Neurobiol. 

2016;53(6):4046–4053. doi:10.1007/S12035-015-9350-8
43. Palagini L, Manni R, Aguglia E, et al. Expert opinions and consensus recommendations for the evaluation and management of insomnia in 

clinical practice: joint statements of five Italian scientific societies. Front Psychiatry. 2020;11. doi:10.3389/FPSYT.2020.00558
44. Palagini L, Manni R, Aguglia E, et al. International expert opinions and recommendations on the use of melatonin in the treatment of insomnia 

and circadian sleep disturbances in adult neuropsychiatric disorders. Front Psychiatry. 2021;12. doi:10.3389/FPSYT.2021.688890
45. Wilson S, Anderson K, Baldwin D, et al. British Association for Psychopharmacology consensus statement on evidence-based treatment of 

insomnia, parasomnias and circadian rhythm disorders: an update. J Psychopharmacol. 2019;33(8):923–947. doi:10.1177/0269881119855343
46. Wilson SJ, Nutt DJ, Alford C, et al. British Association for Psychopharmacology consensus statement on evidence-based treatment of insomnia, 

parasomnias and circadian rhythm disorders. J Psychopharmacol. 2010;24(11):1577–1600. doi:10.1177/0269881110379307
47. Duffy JF, Wang W, Ronda JM, Czeisler CA. High dose melatonin increases sleep duration during nighttime and daytime sleep episodes in older 

adults. J Pineal Res. 2022;e12801. doi:10.1111/jpi.12801
48. Burgess HJ, Emens JS. Drugs used in circadian sleep-wake rhythm disturbances. Sleep Med Clin. 2020;15(2):301–310. doi:10.1016/J. 

JSMC.2020.02.015
49. Moore RY, Speh JC. GABA is the principal neurotransmitter of the circadian system. Neurosci Lett. 1993;150(1):112–116. doi:10.1016/0304- 

3940(93)90120-A
50. Neikrug AB, Ancoli-Israel S. Sleep disorders in the older adult - a mini-review. Gerontology. 2010;56(2):181–189. doi:10.1159/000236900

https://doi.org/10.2147/NSS.S380465                                                                                                                                                                                                                                  

DovePress                                                                                                                                                        

Nature and Science of Sleep 2022:14 1852

Cardinali et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1001/JAMANEUROL.2014.1173
https://doi.org/10.1001/JAMANEUROL.2014.1173
https://doi.org/10.1126/SCIENCE.1180962
https://doi.org/10.1126/scitranslmed.3003748
https://doi.org/10.1007/s11064-015-1581-6
https://doi.org/10.1016/bs.irn.2020.02.006
https://doi.org/10.1016/J.NEUCHI.2013.04.004
https://doi.org/10.1016/J.BBRC.2022.03.025
https://doi.org/10.1016/J.BBRC.2022.03.025
https://doi.org/10.1016/J.SYNBIO.2021.12.011
https://doi.org/10.1210/ENDO-91-5-1213
https://doi.org/10.1016/j.smrv.2021.101431
https://doi.org/10.2174/157015910792246244
https://doi.org/10.2174/157015910792246244
https://doi.org/10.1073/PNAS.1705768114
https://doi.org/10.1111/j.1600-079X.2006.00407.x
https://doi.org/10.1124/pr.110.002832
https://doi.org/10.1124/pr.110.002832
https://doi.org/10.1007/S00429-017-1439-6
https://doi.org/10.1016/S0896-6273(00)80350-5
https://doi.org/10.1177/074873049701200622
https://doi.org/10.1007/978-1-4614-6199-9_19
https://doi.org/10.3390/IJMS20133164
https://doi.org/10.1210/jc.2010-1031
https://doi.org/10.1210/jc.2010-1031
https://doi.org/10.1007/s00018-014-1579-2
https://doi.org/10.32794/mr11250011
https://doi.org/10.1111/jpi.12525
https://doi.org/10.1371/JOURNAL.PONE.0063773
https://doi.org/10.1007/S12035-015-9350-8
https://doi.org/10.3389/FPSYT.2020.00558
https://doi.org/10.3389/FPSYT.2021.688890
https://doi.org/10.1177/0269881119855343
https://doi.org/10.1177/0269881110379307
https://doi.org/10.1111/jpi.12801
https://doi.org/10.1016/J.JSMC.2020.02.015
https://doi.org/10.1016/J.JSMC.2020.02.015
https://doi.org/10.1016/0304-3940(93)90120-A
https://doi.org/10.1016/0304-3940(93)90120-A
https://doi.org/10.1159/000236900
https://www.dovepress.com
https://www.dovepress.com


51. Goswami N, Abulafia C, Vigo D, Moser M, Cornelissen G, Cardinali D. Falls risk, circadian rhythms and melatonin: current perspectives. Clin 
Interv Aging. 2020;15:2165–2174. doi:10.2147/CIA.S283342

52. Boyle N, Naganathan V, Cumming RG. Medication and falls: risk and optimization. Clin Geriatr Med. 2010;26(4):583–605. doi:10.1016/J. 
CGER.2010.06.007

53. Clay E, Falissard B, Moore N, Toumi M. Contribution of prolonged-release melatonin and anti-benzodiazepine campaigns to the reduction of 
benzodiazepine and z-drugs consumption in nine European countries. Eur J Clin Pharmacol. 2013;69(4):1–10. doi:10.1007/s00228-012-1424-1

54. Antón-Tay F. Melatonin: effects on brain function. Adv Biochem Psychopharmacol. 1974;11:315–324.
55. Rudeen PK, Philo RC, Symmes SK. Antiepileptic effects of melatonin in the pinealectomized Mongolian gerbil. Epilepsia. 1980;21 

(2):149–154. doi:10.1111/J.1528-1157.1980.TB04056.X
56. Albertson TE, Peterson SL, Stark LG, Lakin ML, Winters WD. The anticonvulsant properties of melatonin on kindled seizures in rats. 

Neuropharmacology. 1981;20(1):61–66. doi:10.1016/0028-3908(81)90043-5
57. Forcelli PA, Soper C, Duckles A, Gale K, Kondratyev A. Melatonin potentiates the anticonvulsant action of phenobarbital in neonatal rats. 

Epilepsy Res. 2013;107(3):217–223. doi:10.1016/J.EPLEPSYRES.2013.09.013
58. Borowicz KK, Kamiński R, Gasior M, Kleinrok Z, Czuczwar SJ. Influence of melatonin upon the protective action of conventional 

anti-epileptic drugs against maximal electroshock in mice. Eur Neuropsychopharmacol. 1999;9(3):185–190. doi:10.1016/S0924-977X(98) 
00022-4

59. Golombek DA, PéVet P, Cardinali DP. Melatonin effects on behavior: possible mediation by the central GABAergic system. Neurosci Biobehav 
Rev. 1996;20(3). doi:10.1016/0149-7634(95)00052-6

60. Golombek DA, Escolar E, Cardinali DP. Melatonin-induced depression of locomotor activity in hamsters: time-dependency and inhibition by 
the central-type benzodiazepine antagonist Ro 15-1788. Physiol Behav. 1991;49(6). doi:10.1016/0031-9384(91)90336-M

61. Golombek DA, Duque DF, de Brito Sánchez MG, Burin L, Cardinali DP. Time-dependent anticonvulsant activity of melatonin in hamsters. Eur 
J Pharmacol. 1992;210(3). doi:10.1016/0014-2999(92)90412-W

62. Muñoz-Hoyos A, Sánchez-Forte M, Molina-Carballo A, et al. Melatonin’s role as an anticonvulsant and neuronal protector: experimental and 
clinical evidence. J Child Neurol. 1998;13(10):501–509. doi:10.1177/088307389801301007

63. Fenoglio-Simeone K, Mazarati A, Sefidvash-Hockley S, et al. Anticonvulsant effects of the selective melatonin receptor agonist ramelteon. 
Epilepsy Behav. 2009;16(1):52–57. doi:10.1016/J.YEBEH.2009.07.022

64. Golombek DA, Martini M, Cardinali DP. Melatonin as an anxiolytic in rats: time dependence and interaction with the central GABAergic 
system. Eur J Pharmacol. 1993;237(2–3). doi:10.1016/0014-2999(93)90273-K

65. Golombek DA, Escolar E, Burin LJ, de Brito Sánchez MG, Cardinali DP. Time-dependent melatonin analgesia in mice: inhibition by opiate or 
benzodiazepine antagonism. Eur J Pharmacol. 1991;194(1). doi:10.1016/0014-2999(91)90119-B

66. Srinivasan V, Pandi-Perumal SR, Spence DW, et al. Potential use of melatonergic drugs in analgesia: mechanisms of action. Brain Res Bull. 
2010;81(4–5). doi:10.1016/j.brainresbull.2009.12.001

67. Rosenstein RE, Cardinali DP. Central gabaergic mechanisms as targets for melatonin activity in brain. Neurochem Int. 1990;17(3). doi:10.1016/ 
0197-0186(90)90019-P

68. Niles LP, Peace CH. Allosteric modulation of t-[35S]butylbicyclophosphorothionate binding in rat brain by melatonin. Brain Res Bull. 1990;24 
(4):635–638. doi:10.1016/0361-9230(90)90171-U

69. Stankov B, Biella G, Panara C, et al. Melatonin signal transduction and mechanism of action in the central nervous system: using the rabbit 
cortex as a model. Endocrinology. 1992;130(4):2152–2159. doi:10.1210/ENDO.130.4.1312448

70. Wan Q, Man HY, Liu F, et al. Differential modulation of GABAA receptor function by Mel1a and Mel1b receptors. Nat Neurosci. 1999;2 
(5):401–403. doi:10.1038/8062

71. Shibata S, Cassone VM, Moore RY. Effects of melatonin on neuronal activity in the rat suprachiasmatic nucleus in vitro. Neurosci Lett. 1989;97 
(1–2):140–144. doi:10.1016/0304-3940(89)90153-5

72. Cheng XP, Sun H, Ye ZY, Zhou JN. Melatonin modulates the GABAergic response in cultured rat hippocampal neurons. J Pharmacol Sci. 
2012;119(2):177–185. doi:10.1254/JPHS.11183FP

73. Fainstein I, Bonetto AJ, Brusco LI, Cardinali DP. Effects of melatonin in elderly patients with sleep disturbance: a pilot study. Curr Ther Res 
Clin Exp. 1997;58(12). doi:10.1016/S0011-393X(97)80066-5

74. Siegrist C, Benedetti C, Orlando A, et al. Lack of changes in serum prolactin, FSH, TSH, and estradiol after melatonin treatment in doses that 
improve sleep and reduce benzodiazepine consumption in sleep-disturbed, middle-aged, and elderly patients. J Pineal Res. 2001;30(1). 
doi:10.1034/j.1600-079X.2001.300105.x

75. Garfinkel D, Zisapel N, Wainstein J, Laudon M. Facilitation of benzodiazepine discontinuation by melatonin: a new clinical approach. Arch 
Intern Med. 1999;159(20):2456–2460. doi:10.1001/ARCHINTE.159.20.2456

76. Hajak G, Lemme K, Zisapel N. Lasting treatment effects in a postmarketing surveillance study of prolonged-release melatonin. Int Clin 
Psychopharmacol. 2015;30(1):36–42. doi:10.1097/YIC.0000000000000046

77. Kunz D, Bineau S, Maman K, Milea D, Toumi M. Benzodiazepine discontinuation with prolonged-release melatonin: hints from a German 
longitudinal prescription database. Expert Opin Pharmacother. 2012;13(1):9–16. doi:10.1517/14656566.2012.638284

78. Dagan Y, Zisapel N, Nof D, Laudon M, Atsmon J. Rapid reversal of tolerance to benzodiazepine hypnotics by treatment with oral melatonin: 
a case report. Eur Neuropsychopharmacol. 1997;7(2):157–160. doi:10.1016/S0924-977X(96)00381-1

79. Furio AM, Brusco LI, Cardinali DP. Possible therapeutic value of melatonin in mild cognitive impairment: a retrospective study. J Pineal Res. 
2007;43(4). doi:10.1111/j.1600-079X.2007.00491.x

80. Baandrup L, Fagerlund B, Glenthoj B. Neurocognitive performance, subjective well-being, and psychosocial functioning after benzodiazepine 
withdrawal in patients with schizophrenia or bipolar disorder: a randomized clinical trial of add-on melatonin versus placebo. Eur Arch 
Psychiatry Clin Neurosci. 2017;267(2):163–171. doi:10.1007/S00406-016-0711-8

81. Baandrup L, Glenthøj BY, Jennum PJ. Objective and subjective sleep quality: melatonin versus placebo add-on treatment in patients with 
schizophrenia or bipolar disorder withdrawing from long-term benzodiazepine use. Psychiatry Res. 2016;240:163–169. doi:10.1016/j. 
psychres.2016.04.031

Nature and Science of Sleep 2022:14                                                                                               https://doi.org/10.2147/NSS.S380465                                                                                                                                                                                                                       

DovePress                                                                                                                       
1853

Dovepress                                                                                                                                                        Cardinali et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2147/CIA.S283342
https://doi.org/10.1016/J.CGER.2010.06.007
https://doi.org/10.1016/J.CGER.2010.06.007
https://doi.org/10.1007/s00228-012-1424-1
https://doi.org/10.1111/J.1528-1157.1980.TB04056.X
https://doi.org/10.1016/0028-3908(81)90043-5
https://doi.org/10.1016/J.EPLEPSYRES.2013.09.013
https://doi.org/10.1016/S0924-977X(98)00022-4
https://doi.org/10.1016/S0924-977X(98)00022-4
https://doi.org/10.1016/0149-7634(95)00052-6
https://doi.org/10.1016/0031-9384(91)90336-M
https://doi.org/10.1016/0014-2999(92)90412-W
https://doi.org/10.1177/088307389801301007
https://doi.org/10.1016/J.YEBEH.2009.07.022
https://doi.org/10.1016/0014-2999(93)90273-K
https://doi.org/10.1016/0014-2999(91)90119-B
https://doi.org/10.1016/j.brainresbull.2009.12.001
https://doi.org/10.1016/0197-0186(90)90019-P
https://doi.org/10.1016/0197-0186(90)90019-P
https://doi.org/10.1016/0361-9230(90)90171-U
https://doi.org/10.1210/ENDO.130.4.1312448
https://doi.org/10.1038/8062
https://doi.org/10.1016/0304-3940(89)90153-5
https://doi.org/10.1254/JPHS.11183FP
https://doi.org/10.1016/S0011-393X(97)80066-5
https://doi.org/10.1034/j.1600-079X.2001.300105.x
https://doi.org/10.1001/ARCHINTE.159.20.2456
https://doi.org/10.1097/YIC.0000000000000046
https://doi.org/10.1517/14656566.2012.638284
https://doi.org/10.1016/S0924-977X(96)00381-1
https://doi.org/10.1111/j.1600-079X.2007.00491.x
https://doi.org/10.1007/S00406-016-0711-8
https://doi.org/10.1016/j.psychres.2016.04.031
https://doi.org/10.1016/j.psychres.2016.04.031
https://www.dovepress.com
https://www.dovepress.com


82. Vissers FHJA, Knipschild PG, Crebolder HFJM. Is melatonin helpful in stopping the long-term use of hypnotics? A discontinuation trial. 
Pharm World Sci. 2007;29(6):641–646. doi:10.1007/S11096-007-9118-Y

83. Morera-Fumero AL, Fernandez-Lopez L, Abreu-Gonzalez P. Melatonin and melatonin agonists as treatments for benzodiazepines and hypnotics 
withdrawal in patients with primary insomnia. A systematic review. Drug Alcohol Depend. 2020;212. doi:10.1016/J.DRUGALCDEP.2020.107994

84. Baandrup L, Ebdrup BH, Rasmussen JO, Lindschou J, Gluud C, Glenthøj BY. Pharmacological interventions for benzodiazepine discontinua-
tion in chronic benzodiazepine users. Cochrane Database Syst Rev. 2018;3(3). doi:10.1002/14651858.CD011481.PUB2

85. Stephens ER, Sarangi A, Gude J. Short sleep duration and dementia: a narrative review. ProcBayl Univ Med Cent. 2022;35(3):328–331. 
doi:10.1080/08998280.2022.2026123

86. Benca R, Herring WJ, Khandker R, Qureshi ZP. Burden of insomnia and sleep disturbances and the impact of sleep treatments in patients with 
probable or possible alzheimer’s disease: a structured literature review. J Alzheimers Dis. 2022;86(1):83–109. doi:10.3233/JAD-215324

87. Guu T, Aarsland D, Ffytche D. Light, sleep-wake rhythm, and behavioural and psychological symptoms of dementia in care home patients: 
revisiting the sundowning syndrome. Int J Geriatr Psychiatry. 2022;37(5). doi:10.1002/GPS.5712

88. Riemersma-van Der Lek RF, Swaab DF, Twisk J, Hol EM, Hoogendijk WJG, van Someren EJW. Effect of bright light and melatonin on 
cognitive and noncognitive function in elderly residents of group care facilities: a randomized controlled trial. JAMA. 2008;299(22):2642–2655. 
doi:10.1001/jama.299.22.2642

89. Brusco LI, Marquez M, Cardinali DP. Melatonin treatment stabilizes chronobiologic and cognitive symptoms in Alzheimer’s disease. Neuro 
Endocrinol Letter. 1998;19(3):39–42.

90. Liu RY, Zhou JN, van Heerikhuize J, Hofman MA, Swaab DF. Decreased melatonin levels in postmortem cerebrospinal fluid in relation to 
aging, Alzheimer’s disease, and apolipoprotein E-epsilon4/4 genotype. J Clin Endocrinol Metab. 1999;84(1):323–327. doi:10.1210/ 
JCEM.84.1.5394

91. Şirin FB, Kumbul Doğuc D, Vural H, et al. Plasma 8-isoPGF2α and serum melatonin levels in patients with minimal cognitive impairment and 
Alzheimer disease. Turk J Med Sci. 2015;45(5):1073–1077. doi:10.3906/SAG-1406-134

92. Allan CL, Behrman S, Ebmeier KP, Valkanova V. Diagnosing early cognitive decline-When, how and for whom? Maturitas. 2017;96:103–108. 
doi:10.1016/J.MATURITAS.2016.11.018

93. Sumsuzzman DM, Choi J, Jin Y, Hong Y. Neurocognitive effects of melatonin treatment in healthy adults and individuals with Alzheimer’s 
disease and insomnia: a systematic review and meta-analysis of randomized controlled trials. Neurosci Biobehav Rev. 2021;127:459–473. 
doi:10.1016/J.NEUBIOREV.2021.04.034

94. Wang YY, Zheng W, Ng CH, Ungvari GS, Wei W, Xiang YT. Meta-analysis of randomized, double-blind, placebo-controlled trials of melatonin 
in Alzheimer’s disease. Int J Geriatr Psychiatry. 2017;32(1):50–57. doi:10.1002/GPS.4571

95. Xu J, Wang LL, Dammer EB, et al. Melatonin for sleep disorders and cognition in dementia: a meta-analysis of randomized controlled trials. 
Am J Alzheimers Dis Other Demen. 2015;30(5):439–447. doi:10.1177/1533317514568005

96. Zhang Q, Gao F, Zhang S, Sun W, Li Z. Prophylactic use of exogenous melatonin and melatonin receptor agonists to improve sleep and 
delirium in the intensive care units: a systematic review and meta-analysis of randomized controlled trials. Sleep Breath. 2019;23 
(4):1059–1070. doi:10.1007/S11325-019-01831-5

97. Cardinali DP, Vigo DE, Olivar N, Vidal MF, Brusco LI. Melatonin therapy in patients with Alzheimer’s disease. Antioxidants. 2014;3(2). 
doi:10.3390/antiox3020245

98. Cardinali DP, Vigo DE, Olivar N, Vidal MF, Furio AM, Brusco LI. Therapeutic application of melatonin in mild cognitive impairment. Am 
J Neurodegener Dis. 2012;1(3):280.

99. Ma H, Yan J, Sun W, Jiang M, Zhang Y. Melatonin Treatment for Sleep Disorders in Parkinson’s Disease: a Meta-Analysis and Systematic 
Review. Front Aging Neurosci. 2022;14. doi:10.3389/FNAGI.2022.784314

100. Dauvilliers Y, Schenck CH, Postuma RB, et al. REM sleep behaviour disorder. Nat Rev Dis Primers. 2018;4(1). doi:10.1038/s41572-018-0016-5
101. Pérez-Lloret S, Cardinali DP. Melatonin as a chronobiotic and cytoprotective agent in parkinson’s disease. Front Pharmacol. 2021;12:650597. 

doi:10.3389/fphar.2021.650597
102. Aurora RN, Zak RS, Maganti RK, et al. Best practice guide for the treatment of REM sleep behavior disorder (RBD). J Clin Sleep Med. 2010;6 

(1):85–95. doi:10.5664/jcsm.27717
103. Gilat M, Marshall NS, Testelmans D, Buyse B, Lewis SJG. A critical review of the pharmacological treatment of REM sleep behavior 

disorder in adults: time for more and larger randomized placebo-controlled trials. J Neurol. 2022;269(1):125–148. doi:10.1007/S00415-020- 
10353-0

104. Kunz D, Stotz S, Bes F. Treatment of isolated REM sleep behavior disorder using melatonin as a chronobiotic. J Pineal Res. 2021;71(2). 
doi:10.1111/JPI.12759

105. Kunz D, Bes F. Twenty years after: another case report of melatonin effects on rem sleep behavior disorder, using serial dopamine transporter 
imaging. Neuropsychobiology. 2017;76(2):100–104. doi:10.1159/000488893

106. Sugden D. Psychopharmacological effects of melatonin in mouse and rat. J Pharmacol Exp Ther. 1983;227(3):587–591.
107. Galley HF, Lowes DA, Allen L, Cameron G, Aucott LS, Webster NR. Melatonin as a potential therapy for sepsis: a Phase I dose escalation 

study and an ex vivo whole blood model under conditions of sepsis. J Pineal Res. 2014;56(4):427–438. doi:10.1111/jpi.12134
108. Andersen LPH, Gögenur I, Rosenberg J, Reiter RJ. The safety of melatonin in humans. Clin Drug Investig. 2016;36(3):169–175. doi:10.1007/ 

S40261-015-0368-5
109. Cardinali DP. Are melatonin doses employed clinically adequate for melatonin-induced cytoprotection? Melatonin Res. 2019;2(2):106–132. 

doi:10.32794/mr11250025
110. Li J, Somers VK, Xu H, Lopez-Jimenez F, Covassin N. Trends in use of melatonin supplements among us adults, 1999–2018. JAMA. 2022;327 

(5):483–485. doi:10.1001/JAMA.2021.23652
111. Clarke TC, Black LI, Stussman BJ, Barnes PM, Nahin RL. Trends in the use of complementary health approaches among adults: United States, 

2002–2012. Natl Health Stat Report. 2015;79:1.
112. Goldstein CA, Burgess HJ. Hit or miss: the use of melatonin supplements. J Clin Sleep Med. 2020;16(1):29S–30S. doi:10.5664/JCSM.8896
113. Erland LAE, Saxena PK. Melatonin natural health products and supplements: presence of serotonin and significant variability of melatonin 

content. J Clin Sleep Med. 2017;13(2):275–281. doi:10.5664/jcsm.6462

https://doi.org/10.2147/NSS.S380465                                                                                                                                                                                                                                  

DovePress                                                                                                                                                        

Nature and Science of Sleep 2022:14 1854

Cardinali et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/S11096-007-9118-Y
https://doi.org/10.1016/J.DRUGALCDEP.2020.107994
https://doi.org/10.1002/14651858.CD011481.PUB2
https://doi.org/10.1080/08998280.2022.2026123
https://doi.org/10.3233/JAD-215324
https://doi.org/10.1002/GPS.5712
https://doi.org/10.1001/jama.299.22.2642
https://doi.org/10.1210/JCEM.84.1.5394
https://doi.org/10.1210/JCEM.84.1.5394
https://doi.org/10.3906/SAG-1406-134
https://doi.org/10.1016/J.MATURITAS.2016.11.018
https://doi.org/10.1016/J.NEUBIOREV.2021.04.034
https://doi.org/10.1002/GPS.4571
https://doi.org/10.1177/1533317514568005
https://doi.org/10.1007/S11325-019-01831-5
https://doi.org/10.3390/antiox3020245
https://doi.org/10.3389/FNAGI.2022.784314
https://doi.org/10.1038/s41572-018-0016-5
https://doi.org/10.3389/fphar.2021.650597
https://doi.org/10.5664/jcsm.27717
https://doi.org/10.1007/S00415-020-10353-0
https://doi.org/10.1007/S00415-020-10353-0
https://doi.org/10.1111/JPI.12759
https://doi.org/10.1159/000488893
https://doi.org/10.1111/jpi.12134
https://doi.org/10.1007/S40261-015-0368-5
https://doi.org/10.1007/S40261-015-0368-5
https://doi.org/10.32794/mr11250025
https://doi.org/10.1001/JAMA.2021.23652
https://doi.org/10.5664/JCSM.8896
https://doi.org/10.5664/jcsm.6462
https://www.dovepress.com
https://www.dovepress.com


114. Peketi P, Zimmerman S, Palmertree S, Wretman CJ, Preisser JS, Sloane PD. Melatonin prescribing in assisted living. J Am Med Dir Assoc. 
2021. doi:10.1016/J.JAMDA.2021.10.005

115. Li C, Ma D, Li M, et al. The therapeutic effect of exogenous melatonin on depressive symptoms: a systematic review and meta-analysis. Front 
Psychiatry. 2022;13. doi:10.3389/FPSYT.2022.737972

116. Foley HM, Steel AE. Adverse events associated with oral administration of melatonin: a critical systematic review of clinical evidence. 
Complement Ther Med. 2019;42:65–81. doi:10.1016/J.CTIM.2018.11.003

117. Besag FMC, Vasey MJ, Lao KSJ, Wong ICK. Adverse events associated with melatonin for the treatment of primary or secondary sleep 
disorders: a systematic review. CNS Drugs. 2019;33(12):1167–1186. doi:10.1007/s40263-019-00680-w

118. Menczel Schrire Z, Phillips CL, Chapman JL, et al. Safety of higher doses of melatonin in adults: a systematic review and meta-analysis. 
J Pineal Res. 2022;72(2). doi:10.1111/JPI.12782

119. Lelak K, Vohra V, Neuman MI, Toce MS, Sethuraman U. Pediatric melatonin ingestions — United States, 2012–2021. MMWR Morb Mortal 
Wkly Rep. 2022;71(22):725–729. doi:10.15585/MMWR.MM7122A1

120. Moon E, Partonen T, Beaulieu S, Linnaranta O. Melatonergic agents influence the sleep-wake and circadian rhythms in healthy and psychiatric 
participants: a systematic review and meta-analysis of randomized controlled trials. Neuropsychopharmacology. 2022;47(8):1523–1536. 
doi:10.1038/S41386-022-01278-5

121. Wang L, Pan Y, Ye C, et al. A network meta-analysis of the long- and short-term efficacy of sleep medicines in adults and older adults. Neurosci 
Biobehav Rev. 2021;131:489–496. doi:10.1016/J.NEUBIOREV.2021.09.035

122. Chan V, Wang L, Allman-farinelli M. Efficacy of functional foods, beverages and supplements claiming to alleviate air travel symptoms: 
systematic review and meta-analysis. Nutrients. 2021;13(3):1–24. doi:10.3390/nu13030961

123. Cuomo BM, Vaz S, Lee EAL, Thompson C, Rogerson JM, Falkmer T. Effectiveness of sleep-based interventions for children with autism 
spectrum disorder: a meta-synthesis. Pharmacotherapy. 2017;37(5):555–578. doi:10.1002/PHAR.1920

124. Schröder CM, Broquère MA, Claustrat B, et al. Therapeutic approaches for sleep and rhythms disorders in children with ASD. Encephale. 
2022;48(3):294–303. doi:10.1016/j.encep.2021.08.005

125. Masters A, Pandi-Perumal SR, Seixas A, Girardin JL, Mcfarlane SI. Melatonin, the hormone of darkness: from sleep promotion to ebola 
treatment. Brain Disord Ther. 2014;4. doi:10.4172/2168-975X.1000151

126. Williamson BL, Tomlinson AJ, Naylor S, Gleich GJ. Contaminants in commercial preparations of melatonin. Mayo Clin Proc. 1997;72 
(11):1094–1095. doi:10.1016/S0025-6196(11)63555-6

127. Grigg-Damberger MM, Ianakieva D. Poor quality control of over-the-counter melatonin: what they say is often not what you get. J Clin Sleep 
Med. 2017;13(2):163–165. doi:10.5664/JCSM.6434

128. Papagiannidou E, Skene DJ, Ioannides C. Potential drug interactions with melatonin. Physiol Behav. 2014;131:17–24. doi:10.1016/J. 
PHYSBEH.2014.04.016

129. Arendt J. Safety of melatonin in long-term use (?). J Biol Rhythms. 1997;12(6):673–681. doi:10.1177/074873049701200624

Nature and Science of Sleep                                                                                                             Dovepress 

Publish your work in this journal 
Nature and Science of Sleep is an international, peer-reviewed, open access journal covering all aspects of sleep science and sleep medicine, 
including the neurophysiology and functions of sleep, the genetics of sleep, sleep and society, biological rhythms, dreaming, sleep disorders 
and therapy, and strategies to optimize healthy sleep. The manuscript management system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/nature-and-science-of-sleep-journal

Nature and Science of Sleep 2022:14                                                                                         DovePress                                                                                                                       1855

Dovepress                                                                                                                                                        Cardinali et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/J.JAMDA.2021.10.005
https://doi.org/10.3389/FPSYT.2022.737972
https://doi.org/10.1016/J.CTIM.2018.11.003
https://doi.org/10.1007/s40263-019-00680-w
https://doi.org/10.1111/JPI.12782
https://doi.org/10.15585/MMWR.MM7122A1
https://doi.org/10.1038/S41386-022-01278-5
https://doi.org/10.1016/J.NEUBIOREV.2021.09.035
https://doi.org/10.3390/nu13030961
https://doi.org/10.1002/PHAR.1920
https://doi.org/10.1016/j.encep.2021.08.005
https://doi.org/10.4172/2168-975X.1000151
https://doi.org/10.1016/S0025-6196(11)63555-6
https://doi.org/10.5664/JCSM.6434
https://doi.org/10.1016/J.PHYSBEH.2014.04.016
https://doi.org/10.1016/J.PHYSBEH.2014.04.016
https://doi.org/10.1177/074873049701200624
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Aging and Sleep
	Melatonin and Sleep
	Melatonin and BZD Use in Insomniacs
	Melatonin and Sleep in Neurodegenerative Disorders
	Safety for the Clinical Use of Melatonin
	Concluding Remarks

	Disclosure

