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Abstract: Exogenous melatonin can be used to treat sleep disturbance in adults, children, and
adolescents. While its short-term use is considered safe, there are some concerns that long-term
use might delay children’s sexual maturation, possibly by disrupting the decline in nocturnal
melatonin levels that occur at the onset of puberty. This narrative review aimed to summarize
some of the current knowledge about the potential effects of exogenous melatonin on puberty.
We found no clinical studies that experimentally tested the effects of melatonin on pubertal
timing in children, but we reviewed the small number of observational studies. We also drew
on animal data to try to answer our question. The photoperiod and melatonin-mediated seasonal
transitions in sexual activity and breeding in some mammals across the seasons have been used
as a model of sexual development in mammals, including humans. The switch from non-sexual
activity (in the non-breeding period) to sexual activity (in the breeding period) has been likened
to the onset of puberty as there are similarities between the two. We conclude that to investigate
an association between melatonin and pubertal timing, it will be important to conduct long-term
randomized controlled trials of latency age children and also examine the cellular and systemslevel interactions between melatonin and kisspeptin, a recently identified neuropeptide with a
locus of action at the gonadotropin releasing hormone neurons that is important in contributing
to the timing of puberty onset.
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In recent years, there has been an increase in the use of melatonin for the treatment
of sleep disturbances with positive results. Human studies have shown that shortterm use of melatonin is safe, even in high doses, with only mild adverse effects
such as dizziness, headache, nausea, and sleepiness.1 Carefully timed exogenous
melatonin effectively reduces sleep latency while restoring chronobiological alignment of sleep with the internal biological clock2,3 without negative alteration of sleep
architecture and other side effects observed with most hypnotics. However, melatonin
use with adolescents and children is still off-label and concerns have been raised
that its long-term use may affect sexual maturation.4 The present review first offers
a brief synopsis of the nature and properties of melatonin, the prevalence of sleep
disorders in children and adolescents, the current understanding of mechanisms
of onset of puberty, and a brief review of kisspeptin’s effects on the gonadotropin
releasing hormone (GnRH) neurons as a potential model of puberty. This is followed
by a review of some of the existing animal and human studies on melatonin and
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the onset of puberty. We conclude with a comment about
non-pharmacological interventions for sleep disturbance
and future direction of research.

Properties and effects of melatonin
The neurohormone, melatonin (N-acetyl-5-methoxytryptamine), is produced in the pineal gland of mammals. It first
came to attention in 1958 when Lerner, a dermatologist,
found that melatonin could cause the lightning of frog skin.5
Subsequently in 1960, he and his colleagues defined melatonin’s chemical structure.6 Since then, melatonin has been
found to affect a wide range of physiological processes such
as; circadian rhythms,7 sleep-wake cycles,8 sexual maturation,9 aging,10 and exerts neuroendocrine,11 cardiovascular,12
and oncostatic effects.13 Many laboratory studies conducted
under well-controlled conditions have shown that the administration of exogenous melatonin acutely affects sleep and
thermoregulation in humans, and that the soporific effect
of melatonin is mediated by an increase in distal heat loss
through increased skin temperature over the course of the
sleep cycle.14–16 In healthy volunteers, a single melatonin
dose of 0.3 mg or 1.0 mg orally has been reported to have
significant soporific effects.17 Although exogenous melatonin
is often referred to as a hypnotic, it has been proposed that
soporific is a more accurate term than hypnotic when referring to the sleepiness-inducing characteristics of melatonin.
Exogenous melatonin is also considered as a chronobiotic
due to its ability to shift the timing of sleep and circadian
rhythms.3,18

The photoneuroendocrine system
In mammals, photoperiodic (or relative length of light and
dark periods) information is received at the level of the
retina and is transmitted through a multi-synaptic neural
pathway to the pineal gland to modulate melatonin secretion.19 More specifically, the endogenous production and
release of melatonin are suppressed by exposure to bright
light. Pineal melatonin secretion is also regulated by the
main biological clock in the suprachiasmatic nucleus of the
hypothalamus.20 In humans, melatonin release under dim
light conditions usually starts in the evening, with some
averages ranging between 19:30 and 21:30 in adults, and
between 19:00 and 21:00 in children from 6–12 years of
age.21 The duration of melatonin secretion varies according to day length and provides an endocrine representation
of the photoperiod.22 When administered in the daytime,
exogenous melatonin has an elimination half-life of 35–45
minutes.23
2
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Prevalence of sleep disturbances in
children and adolescents, and melatonin
use
It is estimated that 15%–25% of children and adolescents in
the general population have sleep disturbances.24,25 A higher
prevalence of sleep disturbances is seen in children and
adolescents with medical and psychiatric conditions. For
example, the estimated rates of sleep disturbances range from
30%–53% in individuals with autism spectrum disorder,26
and up to 70% in those with attention deficit hyperactivity
disorder.27 In individuals with neurodevelopmental disorder, the prevalence of sleep disturbance is estimated to be
13%–86%.28 With respect to anxiety disorders in children
and adolescents, 80%–90% report at least one sleep-related
problem.29,30 In major depression, the prevalence of sleep
disturbances is estimated to be 72.7%.31 In line with the
considerable changes affecting the biological clock during
this developmental period,32,33 sleep disturbances occurring in
late childhood and adolescence often take the form of delayed
sleep phase.34,35 If untreated, such sleep disturbances can
negatively impact children, adolescents, and their families
with respect to physical and mental health, social, academic,
and cognitive functioning.36–38
Off-label, over-the-counter exogenous melatonin use
in children and youth has grown tremendously in recent
years. For example, Hartz et al39 studied recurrent pediatric
melatonin use across Norway. From 2004–2012, the prevalence of people using melatonin between the ages of 4 and
17 increased from 3.4–11.0 per 1,000 in boys and 1.5–7.7
per 1,000 in girls. Twenty-nine percent of boys and 23%
of girls were recurrent melatonin users, with highest level
of recurrent use in young children 4–8 years of age. Most
of the children or youth had a diagnosis of a psychiatric or
neurologic disorder.39

Melatonin and sexual maturation
In a cross-sectional study, Waldhauser et al40 examined
nocturnal serum melatonin levels in 367 individuals ranging
from 3 days to 90 years of age. They noted that the highest
nighttime serum melatonin levels were found in very young
individuals (1–3 years), with mean levels dropping progressively by 80% throughout childhood until adolescence and
young adulthood (15–20 years). This is consistent with an
earlier study in which they described a 75% drop in nocturnal serum melatonin levels when comparing children aged
1–5 years to young adults.41 There are some indications that
the drop in nocturnal melatonin levels during adolescence
parallels sexual maturation processes.42 Accordingly, the
Nature and Science of Sleep 2019:11
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decline in melatonin levels has been found to relate to the
progression of Tanner stages.43 These observations, together
with animal studies showing that exogenous melatonin can
suppress GnRH secretion,44 contributed to the emergence
of concerns about the possibility that exogenous melatonin
supplementation may affect children’s sexual maturation.4
In brief, given how common the use of melatonin has
become in the treatment of sleep disturbances in children and
adolescents, it is imperative to review the evidence from clinical and basic science studies to answer the question of whether
melatonin could affect pubertal timing in adolescence.

Physiology of puberty
Puberty, the process by which a child becomes sexually
mature and capable of sexual reproduction, is associated
with a growth spurt and the development of secondary sexual
characteristics. This is the product of a complex series of
neuroendocrine steps in which the primary mechanisms are
still unclear.45 The start of puberty is marked by a sustained
increase in the pulsatile release of GnRH46 by a small population of GnRH neurons which extend axons from the preoptic
area and the infundibular nucleus of the hypothalamus.47
The hypothalamus forms part of the hypothalamic-pituitarygonadal axis which controls the onset and progression of
puberty. This axis is active in the embryonic and early postnatal stages of life and is subsequently restrained during childhood only to be reactivated during the initiation of puberty.48
The exact mechanisms which trigger the onset of puberty are
unknown. However, it is believed that the augmentation of
activating factors leading to GnRH secretion, together with
the suppression of inhibitory factors of GnRH secretion result
in the initiation of puberty. These activating and inhibitory
factors involve neurotransmitters and neuropeptides which
originate in the hypothalamus in addition to peripheral or
gonadal signals. In humans, the timing of puberty is highly
variable due to several factors such as: gender; epigenetic and
genetic factors; intrauterine conditions; nutrition; light-dark
cycles; climatic conditions; hormones (eg, leptin, ghrelin,
IGF-1, sex steroid); and exposure to endocrine-disrupting
chemicals in the environment.49 Figure 1, taken from Livadas
and Chrosusos,47 illustrates the interaction of hypothalamic
factors and peripheral signals for puberty onset.

Kisspeptin signaling, effects on GnRH
neurons, and sensitivity to melatonin
As reported by Liu and Herbison,50 the cancer suppressor
gene, KISS1, was discovered in 1996 in Hershey, Philadelphia
and named KISS1, after the Hershey’s Kisses chocolate.51
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It encoded for a group of four neuropeptides, called kisspeptins. Their receptor was found to be the orphan G proteincoupled receptor GPR54 also known as KISS1R. Of the four
kisspeptins, kisspeptin 10 has been used the most in research.51
In 2005, kisspeptin was discovered to be the most
potent activator of GnRH neuronal excitability52 and the
direct effects of kisspeptin are believed to be critical for
both the electrophysiological and reproductive actions of
kisspeptin.53–55 In rodents (hamsters and rats) and sheep,
most GnRH neurons (greater than 90%) express the receptor, Kiss1r. Kiss1r is the non-human ortholog of the human
KISS1R. It is believed that the mammalian reproductive
system is driven by pulsatile release of GnRH and that kisspeptin’s effects on reproduction are mediated through GnRH
neurons. It is noted however that in humans not all GnRH
neurons receive kisspeptin neuron input, suggesting that
additional molecules regulate the process of human puberty.47
Animal studies have shown that melatonin supplementation
reduces kisspeptin under conditions of prolonged photoperiod,58 while endogenous melatonin suppression (following
pinealectomy) abolishes the effects of reduced photoperiod
on kisspeptin expression.59 In addition, a recent study demonstrated that exogenous melatonin first induces a reduction in
kisspeptin gene expression in the acute phase, but that longer
effects lead to an increase in kisspeptin gene expression60
which could then actively stimulate the hypothalamic-pituitarygonadal axis. Overall, this suggests that the effects of melatonin
on the reproduction system may be modulated by kisspeptin
and that these effects may differ considerably between the
acute and longer-term phases of melatonin supplementation.
We therefore conducted a non-systematic review of the
literature of studies assessing the effects of melatonin on
puberty and the potential modulating role of kisspeptin.

Literature search: strategy and
selection of studies
Medline and PubMed were searched for papers published
in English up to 2018 using the search terms “melatonin”,
“puberty”, “puberty onset”, “hypothalamic-pituitary-gonadal
axis”, “kisspeptin”, “children”, and “adolescents”. The relevant articles were read and the reference lists were searched
and those identified as relevant were also read. We first report
on animal studies, followed by human studies.

Animal studies

Exogenous melatonin and puberty
There are several reasons for including animal studies in
this narrative review. The first rests in the fact that experi-
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Figure 1 Interaction of hypothalamic factors and peripheral signals on puberty onset.
Notes: Republished with permission of Wolters Kluwer Health, from Control of the onset of puberty, Livadas S, Chrousos GP, volume 28(4), 2016; permission conveyed
through Copyright Clearance Center, Inc.47 Schematic presentation of the highly specialized complex comprised of KNDy and GnRH neurons, and pituitary gonadotropes
regulating pubertal onset. The integral function of KNDy neurons (with their auto regulatory loops) and GnRH neurons is depicted, as this pertains to gonadotropin
secretion. The effects of positive and negative stimuli on this complex are presented with red and green arrows respectively. Energy sensing, hormones, epigenetic processes,
and endocrine disruptors participate in the process.

mental studies that would directly test the hypothesis that
exogenous administration of melatonin might delay children’s sexual maturation by assigning children to long-term
melatonin treatment or placebo, do not currently exist and
would be unethical. Second, the answer to the question may
be informed by considering models of seasonal breeding
in some mammals. For example, the two most commonly
employed mammalian experimental models used to explain
the endogenous rhythms governing reproduction involve
hamsters (Syrian and Siberian) and sheep.61–64 It has previously been suggested the transition from the non-breeding
(anestrous) season to the breeding season in these animals
could represent a mechanism similar to puberty.65 Numerous
similarities can be drawn between puberty and the transition
to anestrous season. For example, in both pre-pubertal and
seasonally anestrous ewes, preovulatory luteinizing hormone
(LH) surges, which cause ovulation, do not occur. Also, in
both cases, the neural wiring and innate ability to produce
an LH surge are present,66–68 but appear to be suppressed.
4
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Prior to puberty, LH secretion is pulsatile, as is the case during the anestrous season, but the frequency of LH pulses is
markedly reduced.69 While these similarities are interesting,
it is noted that the precise neuroendocrine systems which
govern puberty and reproductive functions are not fully
understood.28,45,49
In the next sections, we provide a few examples of the
effects of exogenous melatonin and pinealectomy on pubertal
onset in animals. Subsequently, we present some investigations on the relationship between the photoperiod and
changes in kisspeptin expression between breeding and nonbreeding systems. Table 1 also summarizes examples of the
effects of exogenous melatonin administration on the timing
of puberty in lambs, gilts, rats, and male Siberian hamsters.
In the male Djungarian hamster, which usually starts
puberty 25 days after birth,70 a 10-day treatment with short
days or melatonin during the pre-pubertal period (day 15 to
day 25) arrested the onset of puberty.71 While one study failed
to see any significant effect of melatonin-filled implants on
Nature and Science of Sleep 2019:11
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Table 1 Examples of the effects of exogenous melatonin administration on the timing of puberty in lambs, gilts, rats, and male Siberian
hamsters
Study
Recabarren et al (1998)
Kennaway et al (1986)73
Kennaway et al (1985)75
Kennaway et al (2015)72
Kennaway (1997)97
Buchanan et al (1991)71

74

Procedure

Mammal

Timing of puberty

Exogenous melatonin (oral)
Exogenous melatonin (implant)
Pinealectomy
Exogenous melatonin (implant)
Exogenous melatonin (implant)
Exogenous melatonin (injection)

Ewe lamb
Ewe lamb
Ewe lamb
Gilt (pig)
Rat
Djungarian (Siberian) hamster

Advanced
Delayed
Delayed
No change
Delayed
Arrested

Note: Extensive literature exists about changes in sexual behavior in seasonally breeding mammals by manipulation of the photoperiod, which is beyond the scope of this
narrative review (additional information can be found elsewhere).61–64

the timing of puberty in gilts,72 another study showed that
prepubertal ewe lambs treated with melatonin implants had
puberty onset delayed by 4 weeks compared to controls.73
Conversely, another study showed that oral administration
of melatonin to Suffolk prepubertal ewe lambs, from 10
weeks of age onward, advanced the onset of puberty by 3
weeks compared to control lambs maintained under the same
natural photoperiod.74 This may be in line with another study
reporting that pinealectomy delayed the onset of puberty
by 12 weeks in ewe lambs.75 To summarize, there are some
indications that exogenous melatonin can alter the timing
of puberty in seasonally breeding mammals, but findings to
date seem to be inconsistent.

Kisspeptin, melatonin, and puberty
Investigators considered whether photoperiod could be
a primary stimulus for changes in kisspeptin expression
between breeding and nonbreeding seasons. It has been
demonstrated that, in Soay ewes, the photoperiodic changes
in kisspeptin levels were related to changes in the pattern
of melatonin secretion.76 The Soay ewe is a short-day
breeder, breeding during Autumn and Winter when days
are short and nights are long (ie, entailing longer periods
of melatonin secretion). Similarly, Simonneaux et al,58 also
found that kisspeptin expression was influenced by the
photoperiod in male Syrian hamsters, which are long-day
breeders. During the long-day period (Spring and Summer)
the duration of melatonin secretion is shorter compared to
short-day periods (Autumn and Winter). Kisspeptin cells
are, however, not known to express melatonin receptors,77
suggesting that there could be intermediary processes (yet
to be elucidated) between the photoperiod, melatonin, and
kisspeptin expression. Simonneaux, Ancel, Poirel, and
Gauer78 proposed that RFRP-3, a member of the RRamide
peptide group, known to inhibit GnRH, could play such
an intermediary role. Figure 2, from Simmonneaux et al,78
Nature and Science of Sleep 2019:11

illustrates photo-inhibitory melatonergic message in the
male Syrian hamster.
Another postulated pathway for melatonin’s inhibitory
effect in the period of reproductive quiescence in hamsters
during short days (Autumn and Winter) is that melatonin
may alter and reinforce the negative feedback effect of sex
steroids on kisspeptin expression.59,79
On the other hand, there is evidence that even in the
seasonally breeding mammals the hypothalamic-pituitarygonadal axis may escape the driving influence of light and
melatonin on the timing of fertility and reproduction at least
under experimental conditions. It is known that after 10
weeks of exposure to short days (Autumn and Winter and
longer periods of melatonin exposure) some hamsters become
sexually inactive and this was associated with a decrease
in Kiss1 expression in the hypothalamus (arcuate nucleus).
If the short-day exposure continues over 20–30 weeks, the
hamsters are known to become refractory to the inhibitory
effects of short day lengths and become sexually active
spontaneously – implying an escape from the effect of a long
period of exposure to melatonin. The usual cycle becomes
reset only after prolonged exposure to long-day conditions
(Spring and Summer). It was found that the sexual reactivation was associated with an increase and Kiss1 expression
similar to findings in the Spring and Summer.59,80
In summary, there is evidence that in some seasonal
breeders photoperiodic and melatonin level changes are
associated with changes in kisspeptin signaling. However,
some studies failed to show any significant association, or
suggested that there could be temporary dissociations.

Human studies: pubertal timing in
pediatric melatonin use
Only three human studies have tracked pubertal timing along
the course of exogenous melatonin use, and all examined
pubertal timing as a secondary outcome while the primary
submit your manuscript | www.dovepress.com
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Figure 2 Working model indicating how the photo-inhibitory melatonergic message in short day conditions is integrated in the hypothalamus to further regulate the
gonadotropic axis in the male Syrian hamster.
Notes: Photo-inhibitory melatonergic message in male Syrian hamster. Reproduced with permission from Simonneaux et al, 2013.78

focus was on melatonin effectiveness or dosing. Two studies involved the Meldos Trial, which was a randomized
controlled trial investigating optimal melatonin dosing for
intractable insomnia in children and youth.81
The first report encompasses data on 59 of the 69
6–12-year-old participants who had completed the Meldos
Trial at least a year before.81 The children, having used
melatonin for 6 months or longer, were asked to fill out
questionnaires including self-report Tanner staging with
pictures, mother’s age of menarche, and boys’ ages of first
ejaculation for them and for their fathers. The ages across
Tanner stage were compared to Dutch population data. Only
19 of the participants reached possible pubertal age during
this study, and only 62% of the boys and 91% of the girls
6
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answered the puberty questions. In this limited sample, there
was no evidence of pubertal timing being different from the
population norms.
This group was again followed up 9–12 years later,
comparing the 33 participants who completed the follow-up
phase to publicly available population samples on perceived
pubertal timing (early, normal, late).82 In this subsequent
study, 31.3% of the participants reported a late perceived
pubertal timing, compared to the population sample control
rate of 17%.
Carr et al83 conducted a longitudinal study of melatonin
treatment in 44 children with neurodevelopmental disorders
and treatment-resistant circadian rhythm sleep disorders. The
baseline study was a placebo-controlled double-blind crossNature and Science of Sleep 2019:11
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over trial of sustained-release melatonin. The follow-up study
consisted of a structured caregiver telephone interview every
3 months for up to 3.8 years. The median age of puberty was
11.5 years, with a range of 12–15 years. Precocious puberty
was present in five children with severe neurodevelopmental
disability, most of whom experienced it prior to the melatonin treatment. In the remaining children, pubertal timing
was considered within normal limits, with a mean age of
13.4 years ±1.4 years.
In summary, there are only few studies that have examined
pubertal timing in children and youth given melatonin on a
long-term basis. Drawing any conclusions from the three
that exist is difficult because they have very small samples,
incomplete follow-up, and poor measures of pubertal timing.
It is also useful to consider indirect human studies. Magee
et al84 suggested the possibility of a role of exposure to light
in human puberty, as they noted that blind girls tended to
have earlier menarche. However, these reports were not
subsequently confirmed.49 In a similar vein, other studies
suggested that menarche occurred more frequently in the
Winter than in the Summer,85–87 suggesting that light would
have an inhibiting effect on the onset of puberty. This is however contrary to the finding that the long Winter months in
the Arctic may be associated with reduced pituitary-gonadal
function and low conception rates.88
As to the finding that the level of melatonin falls in the
lead-up to puberty in humans,89–91 it was observed that the
decrease in melatonin secretion occurs usually after the onset
of puberty, between Tanner stages II and III.90

Discussion
In this narrative review, we highlighted that there is some
evidence that exogenous melatonin may alter pubertal
timing in some animals, that photoperiodic and melatonin
level changes may be associated with changes in kisspeptin
signaling in some seasonal breeders, and that one of the
longitudinal studies in humans suggested that long-term
melatonin use might be linked to a delay in puberty onset;
however, the determination of puberty delay was subjective
(perceived), and not objective. These findings are all based
on very limited research and the findings are not consistent
across studies. Hence, drawing any strong conclusions at
this stage is difficult.
To the extent that the transition from the sexually inactive to sexually active phase could be an animal model for
the onset of puberty and light, darkness and melatonin are
important in this transition, it could be argued that perhaps
melatonin plays an important role in the onset of puberty in
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seasonally breeding mammals. Whether or not melatonin
could play an important role in the pubertal onset in humans
is still an open question.
Since humans are not seasonal breeders like hamsters
and sheep, an argument could also be made that the human
hypothalamic-pituitary-gonadal axis may have, during the
process of evolution, escaped the driving influence of light
and melatonin on the timing of fertility and reproduction.

Future directions
We suggest three future areas of research to advance our
knowledge about the effects of long-term use of exogenous
melatonin on pubertal timing in children and adolescents.
First, established methodologies of longitudinal studies of
pubertal timing81,82,92 should be applied to observational
studies in children who are spontaneously electing to take
melatonin. It would be ideal to start with children who are
as young as possible and follow them annually, measuring
the somatic manifestations of puberty (eg, age of menarche,
Tanner stage development, age at first ejaculation). Because
the normal age range of puberty in girls begins at 8 years of
age and at 9 in boys, studies should recruit girls and boys
at young ages, ideally 5 or 6 years of age. Second, it will be
important to re-examine and get a better understanding of
the reasons for the inconsistent findings in studies involving
exogenous melatonin administration and pubertal onset in
animals. Third, further investigations are needed to clarify
the potential role of cellular and systems-level interactions
between melatonin and kisspeptin, a neuropeptide which
acts on GnRN neurons and is considered important in the
timing of puberty onset. Such studies can be done at a basic
science level.

Conclusion
Our review suggests that the role of melatonin in sexual
maturation and the timing of puberty is understudied in
humans. The three human studies that have examined the
question have done so as an ancillary research question in
small samples of children and youth, some of whom had
neurodevelopmental disorders. This limits the generalizability to the general population and is insufficient evidence
to draw conclusions for patients with mental health and
neurological disorders. Further experimental studies on the
impact of melatonin on puberty, notably in non-seasonal
mammals, and advances in the research about the intermediary processes between melatonin and kisspeptin activation,
could ultimately inform us about the potential influence of
exogenous melatonin on puberty.
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We would be remiss not to mention that, aside from
melatonin intake, non-pharmacological interventions can be
effective for the treatment of sleep disturbances in children
and adolescents. They have been found to be more beneficial
than placebo, alternative treatments, and frequently used
medications in children, adolescents, and adults.93 Nonpharmacological approaches range from sleep hygiene and
psychoeducation, cognitive behavioral therapy for insomnia,
physical exercise,94 and mindfulness-based meditation,95 to
relaxation-based therapies.96
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