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Hormones and Circadian Rhythms

The human circadian system is complex and multi-faceted. 
The most apparent aspects in everyday life are behavioral, 
in the form of sleep and wake times, eating schedules, daily 
variation in subjective ale�ness and energy level, and so on. 
These behaviors are driven by underlying physiology, and 
understanding the physiology of the circadian system has 
been a subject of increasing interest in recent years.

The most direct method of studying the physiology of the 
circadian system is through studying hormones. Hormones 
are a class of molecules that serve as messengers between 
organs in the body, usually by being carried in the bloodstream. 
Many hormones show circadian variation in when they are 
secreted by the body, but some in pa�icular are impo�ant 
for synchronizing circadian timing across the body or shifting 
the circadian clock. Here we discuss a selection of the most 
impo�ant hormones to the circadian system.

Melatonin
The most impo�ant hormone in the circadian system is 
melatonin. Probably best known as a sleep supplement,
melatonin is the primary hormone controlling sleep-wake 
cycles. It is secreted in the pineal gland in the brain based
on signals from the suprachiasmatic nucleus (SCN) [1, 2]. 
Measuring melatonin is the primary method used by 
researchers to probe an individual's circadian clock, usually 
through blood or saliva samples.

Under normal conditions, melatonin production is strongly 
associated with the day-night cycle. It is metabolized rapidly 
and only produced at night, so melatonin concentration in 
the blood during the day is very low. Melatonin production 
begins in the evening, rising steadily to a peak which typically 
occurs in the middle of an individual's sleep cycle then dropping 
slowly as production stops and melatonin is metabolized. 
Drowsiness increases dramatically around two hours after 
melatonin onset begins. 

This does not, however, mean that melatonin is a natural 
sedative. It does not exhibit sedative e�ects on a molecular 
level. Moreover, the same day-night behavior of the melatonin 
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in reduced productivity and quality of life. In the long 
term it has been linked to increased rates of a variety 
of diseases.

These problems have been fu�her exacerbated by 
the proliferation of LED lighting technology. The 
e�ect of light on melatonin is dependent on both 
intensity and color, with brighter and bluer lights
producing larger shifts in schedule. Most LED lighting 

aims to be more ‘white’ than older incandescent 
lighting, and as a result contains a larger blue 
component. This, along with the increase in 
sma�phone use at night, exacerbates circadian 
disruption due to light at night.

However, there is hope for improving circadian 
health without shu�ing of the lights completely. 
Reducing the brightness of light in the evening, 
both in �xtures and devices can mitigate circadian 
disruption. So too can reducing the blue component, 
and new methodologies are allowing for that to be 
accomplished without sacri�cing the color quality 
of white light. Reducing the impact of light at night 
on melatonin onset provides for improved circadian 
health in general and improved sleep in pa�icular.

Melatonin Therapy
While not directly related to lighting, uses of melatonin 
for sleep therapy bear mentioning here. Supplemental 
melatonin is available either as a prescription drug 
or over the counter in many countries. It is used in 
therapy for a variety of sleep conditions, to mixed 
results.

Research demonstrates reliable e�ectiveness using 
supplemental melatonin to treat disorders related to 
shifted sleep schedules [5, 6]. This includes jet lag 
and shift work, as well as various medical disorders. 
However, while melatonin can shift sleep onset earlier, 
this usually results in a corresponding shift in wake 
time rather than longer sleep periods. Likewise, 
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curve is present in nocturnal species as in diurnal ones, 
but there it appears to result in raised activity levels 
rather than lowered ones. Rather, melatonin appears 
to trigger nigh�ime behavior in organs throughout 
the body. Melatonin secretion is the primary signaling 
process by which the SCN synchronizes other body 
clocks with itself in maintaining a circadian rhythm.

Misalignment between melatonin and sleep timing 
is a sign of circadian disruption, 
with the resulting impacts on 
quality of life and long term health. 
Misalignment between melatonin 
and sleep cycles is a sign of a 
variety of clinical sleep disorders. 
It is also present in the case of jet lag, where the 
internal clock for melatonin production becomes 
misaligned with the local day-night cycle. More 
concerningly, a misalignment is present for individuals 
engaged in shift work, and persists long term even 
when a regular shift working schedule is maintained. 
This is also true to a lesser extent of individuals 
maintaining a schedule either earlier or later than 
their natural schedule for social reasons.

Melatonin and Light
There is a strong relationship between light and 
melatonin. Extensive research has shown that bright 
light viewed early in the day shifts the onset of an 
individual's melatonin production earlier, while even 
relatively dim light in the evening delays melatonin 
production [3, 4]. This is arguably the key mechanism 
for keeping the body on a twenty-four hour cycle. 
The e�ect is pronounced but not complete—studies 
of subjects with jet lag have shown that peak 
melatonin times shift one to two hours each day 
according to light cues.

In the modern world where people are exposed to 
light at all times of the day and night, the sensitivity 
of melatonin production to light is believed to 
contribute to chronic disruption in circadian rhythms 
and thus poor sleep. Studies have shown that in 
addition to shifting natural sleep times as a result 
delaying melatonin onset, light in the evening also 
results in decreased sleep quality and increased 
tiredness the next day. In the sho� term this results 
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studies using melatonin to treat other sleep disorders 
generally show modest positive e�ects, if any.

On the other hand, a large number of studies have 
found no meaningful side e�ects of melatonin use on 
one to three month time periods [7, 8]. Longer term 
use has not been studied and is not recommended by 
the medical community. As such, while supplemental 
melatonin may be useful for treating sho� term 
circadian disruption in healthy individuals, altering 
lighting environment serves as preferable for long 
term improvement.

Co�isol
While melatonin is now recognized as fundamental to 
circadian rhythms, circadian behavior is also present 
in a variety of other hormones. Historically the most 
impo�ant is co�isol, where circadian variation was 
�rst identi�ed in 1971 [9].

Secreted by the adrenal gland, co�isol is a hormone 
with a variety of e�ects on the body. Beyond its 
circadian behavior, co�isol is typically secreted in 
response to physical and emotional stress. It promotes 
glucose production from carbohydrates and proteins. 
It suppresses immune responses and raises blood 
pressure. It is related to various aspects of childhood 
development, and has a variety of other e�ects [10].

On a circadian basis, co�isol is most strongly related 
to increased activity on waking. Unlike melatonin, some 
amount of co�isol is present in the body throughout 
the day, but it exhibits a marked peak in the morning 
and a trough around midnight [11]. This circadian 
behavior is �ipped in nocturnal animals, where the 
peak occurs in the evening and the trough occurs 
during the day. This rise in co�isol around wake time 
has a variety of e�ects on the body, but the easiest 
to understand is an increase in energy from increased 

glucose production, resulting in peak subjective 
energy levels in the morning for many individuals.

Like all circadian clocks in the body the co�isol rhythm 
is in�uenced by the SCN. The mechanism for this is 
a direct neural pathway between the SCN and the 
adrenal gland. However, there is evidence that the 
adrenal gland has its own internal clock, and this can 
result in a dissociation between the SCN clock and 
co�isol rhythms [12]. It is possible for waking times 
associated with peak co�isol concentration to become 
dissociated with peak melatonin concentration in the 
evenings, pa�icularly when sleep schedules are 
a�i�cially enforced. This is emblematic of the 
circadian behavior in many bodily functions, which are 
in�uenced by the SCN but have their own internal 
regulatory mechanisms.

Such behavior is emblematic of circadian disruption, 
and can have a variety of negative health impacts [13]. 
Co�isol in pa�icular is also vulnerable to another form 
of circadian disruption in the form of constant physical 
or emotional stress. Such stress results in elevated 
co�isol levels throughout the day and weakening 
of its circadian rhythm.

Leptin & Ghrelin
Circadian rhythms are tied deeply into metabolism. 

Most people do not awaken hungry 
despite hours of fasting during and 
typically before sleep. Yet they feel 
hunger at period points during the 
day, usually around the same time 
each day. This is a natural result 
of circadian rhythm in hormones 
controlling appetite.

The most prominent hormones related to appetite 
are leptin and ghrelin, which suppress and enhance 
appetite respectively. Circadian rhythms have been 
seen in both [14, 15], and in both cases the rhythm 
is at least pa�ially present independent of periodic 
food cues. It has been shown in rodent studies that 
there is a biological link between both hormones and 
the underlying SCN-maintained rhythm.

It has been hypothesized that leptin acts as the 
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It is possible for waking times associated with peak 
cortisol concentration to become dissociated 
with peak melatonin concentration in the evenings, 

particularly when sleep schedules are 
artificially enforced.
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messenger for body weight regulation on a circadian 
cycle [16]. Conversely, ghrelin has been theorized to 
provide signals back to the SCN [15], providing the 
mechanism for adjusting the circadian clock based 
on external food cues. Research on both hormones 
is relatively new compared to melatonin and co�isol, 
but even so their impo�ance in the circadian system 
is compelling and provides a physiological link between 
circadian health and body weight.
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