
C
ircadian rhythms are near-24 hour (circa=about, dies=day), endogenous, self-sus-
tained oscillations. Ubiquitous in nature, they are found in all organisms thus far
examined, from humans to prokaryotes. In humans, the master circadian clock
resides in the suprachiasmatic nuclei (SCN), a pair of small nuclei containing
densely packed neurons (~10,000 in each nucleus) located just above the optic

chiasm in the hypothalamus.1,2 The SCN is comprised of a network of GABAergic neurons,
each of which contains a circadian clock.3 The cell autonomous circadian clock itself is com-
posed of a series of auto-regulatory DNA/protein feedback loops. While each SCN neuron
can be an independent circadian oscillator, the SCN normally functions as a unified output
of the network of all of these neurons. Most afferents from the SCN are short, innervating
hypothalamic neurons in the subparaventricular zone that act as a signal amplifier and send
time-of-day information to the rest of the brain and body.

Maintaining Circadian Rhythms: Photic Input
The SCN clock has a period of approximately 24.2 hours.4 This means that every day, if left
unperturbed, the SCN starts to signal events (e.g., wake signal) 12 minutes later. The clock
is reset or “entrained” by external stimuli that keep the internal clock set (entrained) to the
environmental, geophysical time. The most potent entraining stimulus, or “Zeitgeber,” is
light. The effects of light on the SCN are intensity5 and time-of-day6 dependent. Increasing
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the intensity of light causes greater phase shifts in the timing of
the clock (like manually moving the hands of an analog clock).
The intensity-response relationship is such that bright room
light is about 50 percent as effective as outdoor light. 

When light exposure occurs is also critical. Light exposure
during the biological daytime (i.e., the time during which the
SCN is signaling for wake) has little effect. Light during the
early biological night (the first half of a typical sleep episode)
delays the timing of the clock (e.g., events formerly occurring
at 6am would now occur at 8am) and light during the late bio-
logical night (the second half of a typical sleep episode)
advances the timing of the clock (e.g., events formerly occur-
ring at 6am would now occur at 4am). The maximal effects of
late night (advancing) light are smaller than those of early night
(delaying) light.

Phase Angles
Based on the responsivity of the SCN to light, the internal
circadian clock not only becomes entrained to light, but does
so at a particular phase angle. In circadian parlance, a phase
angle is the time between two events. The phase angle of
entrainment is usually between a behavioral event (e.g., sleep
onset) and a mostly circadian event (e.g., the time of the mid-
point of the nocturnal melatonin peak). For example, the
midpoint of the nocturnal melatonin peak typically occurs at
a phase angle of four hours relative to sleep onset (i.e., four
hours after typical sleep onset). In individuals who are more
“morning type,” this phase angle is smaller, often about two
hours, while in individuals who are more “evening type” the
phase angle is larger, often about six hours. Consider two
individuals, one of whom is a morning type and the other of
whom is an evening type. Both sleep from 11pm until 7am.
In a morning type, we would anticipate that the melatonin
midpoint would occur at 1am, whereas in the evening type
the melatonin midpoint would occur at 5am.

Maintaining Circadian Rhythms: How Photic
Information Is Obtained And Conveyed
While non-mammalian vertebrates rely on both extraretinal
and retinal photoreception to convey time-of-day (photic)
information to circadian clocks, mammals exclusively use

photoreceptive machinery found in the retina. Light is con-
verted in the mammalian retina from an electromagnetic to
chemical signal by rods and cones and, likely, by a newly dis-
covered photopigment, melanopsin,7 that is found exclusive-
ly in a subset of intrinsically light-sensitive retinal ganglion
cells. The SCN, as well as other hypothalamic nuclei and
brain stem nuclei, receive photic information from the cones
(long-, medium-, and short-wavelength sensitive) and from
melanopsin via both melanopsin-containing retinal ganglion
cells and non-melanopsin-containing retinal ganglion cells.

Effect Of Blindness On Circadian Rhythms
Conscious visual perception relies on rods and cones and like-
ly does not involve melanopsin. Visual inputs and circadian
inputs are therefore not completely overlapping. Individuals
who are blind may therefore still retain the ability to have cir-
cadian responses to light.8 This can occur in two cases. First,
in cortical blindness the retina is normal and the projections
from the retina to the SCN are normal as well. Conscious
visual perception is absent but the circadian clock remains
entrained by light. In the second case, blindness caused by
destruction of cones (e.g., as a consequence of some forms of
retinitis pigmentosa) also can result in normal circadian func-
tion. In this case, the melanopsin-expressing retinal ganglion
cells convey sufficient photic information to keep the circadi-
an clock entrained. 

Enucleation, however, abolishes all circadian responses to
light and may result in a free-running circadian clock. This
means that every day, the SCN starts to signal events (e.g.,
wake signal) ~12 minutes later. Eventually, the clock will be
significantly out of phase with the environment and the indi-
vidual will have an experience similar to jet lag. This situation
can result in periodic insomnia that will last for months,
spontaneously abate, and then return. Enucleated individuals
clearly lack circadian response to light. Cortically blind indi-
viduals clearly retain this response. But for many other caus-
es of blindness, the clinical response is more heterogeneous.
For example, patients with diabetic retinopathy sometimes
do and sometimes do not retain a circadian response to light
after visual perception is lost. It is therefore important in each
case to carefully assess the sleep patterns of blind individuals



complaining of sleep disturbances, as it is very possible that
they may be free-running. 

Maintaining Circadian Rhythms 
in the Absence of Light
In addition to the photic input to the SCN, there are other, less
potent inputs that include innervation from the raphe nuclei
and intergeniculate leaflet nucleus of the thalamus (IGL) and
endocrine input from melatonin. The changes in circadian tim-
ing that can be elicited by these inputs are of lesser magnitude
than those caused by light exposure. In some individuals that
lack photic input to the SCN (i.e., some forms of blindness),
these non-photic inputs may be upregulated due to the loss of
meaningful retinal input. Input from the raphe and IGL likely
represent overall activity and sleep/wake status, while melatonin
is a feedback represents the time of nocturnal darkness. 

For a few individuals lacking photic input to the SCN, the
input from a very regular activity and sleep/wake schedule may
be sufficient to keep the clock entrained;9 however, this is an
insufficient entraining signal for most patients. Administration
of exogenous melatonin has been successful in entraining those
lacking photic input to their circadian clock and may, there-
fore, be an important therapeutic for free-running, blind indi-
viduals with a cyclic sleep disturbance.10 Use of melatonin as a
pharmacologic agent has been somewhat controversial because,
in the United States, it is not FDA-regulated and may be pur-
chased without a prescription. Because its status as an over-the-
counter medication, there have been concerns over purity and
potency.11 There is currently one prescription melatonin ago-
nist marketed in the United States (ramelteon), though there
are several more in the pipeline.

Jet Lag
The most common disruption of circadian rhythms occurs
during jet travel that crosses multiple time zones. In this cir-
cumstance, an individual can experience decreased alertness,
increased difficulty sleeping, increased malaise and general
negative affect. In essence, the internal circadian clock is set
at the wrong time, signaling for wake when one wants to
sleep and vice versa. For example, if you normally sleep from
00:00 to 08:00 and have traveled nine time zones eastward,
your circadian drive for sleep will be strong in the early after-
noon and peak around 3pm (when you are trying to be
awake) while your circadian drive for wake will be strong dur-
ing the night and peak around 7am (when you are trying to
be asleep).

Jet lag resolves as the internal clock synchronizes to the
new geophysical day. As mentioned above, this synchroniza-
tion mainly occurs as a result of light exposure. Scheduled
exposure to darkness (i.e., preventing light exposure at the

wrong circadian time) is as important as scheduled light
exposure. For instance, in traveling from West to East, a
phase advance of the circadian rhythm is required. Light in
the late biologic night will cause this phase advance. Of
course, light early in the biological night causes the opposite
reaction: a phase delay. Thus, it is important to both provide
light in the morning and avoid light in the evening, to pre-
vent conflicting signals. Thus, if you travel from California to
New York, the best circadian schedule is to take a red eye,
leaving in the late evening and arriving in the early morning.
Using this strategy, you are asleep on the plane (in theory)
and avoid phase delaying light and the light to which you are
exposed after landing will cause phase advances thereby accel-
erating entrainment to the new time zone.

Besides properly-timed light exposure, there are few alterna-
tives currently available that can accelerate the re-entrainment
process. Some have suggested the use of melatonin as a phase-
shifting agent, though in individuals with normal photic input
to the SCN, this has a much less potent effect than light. Most
therapeutic interventions attempt, therefore, to relieve the
symptoms of jet lag. Individuals often use prescription drugs
(benzodiazepines and benzodiazepine-like agents) or non-pre-
scription options (anti-histamines or alcohol) in an effort to
improve sleep. Prescription (modafinil and other low-dose
stimulants) and non-prescription (caffeine, theophylline) med-
ications are often used to improve daytime alertness and per-
formance. Neither the sleep- or wake-promoting drugs appear
to recapitulate normal sleep or wake, respectively. For example,
GABA modulation via benzodiazepines appears useful in
maintaining sleep continuity but may prevent deeper stages of
sleep. Caffeine and stimulants appear effective in reducing
many of the subjective feelings of sleepiness and some of the
objective problems with cognition, but many sequelae remain
as a number of cognitive domains are impaired. 

As endogenous melatonin has a role in sleep physiology,
there has been a great deal of interest in its uses in circadian
sleep disorders. In fact, melatonin may be useful when trying
to initiate sleep during the biological daytime.12 This effect of
melatonin is likely due to its ability to decrease SCN firing
during the daytime, quieting the SCN alerting signal, rather
than any phase shifting effects. Thus, melatonin may be useful
in promoting sleep during travel when one is trying to initiate
sleep during the biological daytime, which may be night time
in the new time zone. As mentioned above, however, there are
concerns about over-the-counter melatonin preparations.
Future drug development may involve directly reducing circa-
dian alerting and hypnotic signals in an attempt to produce a
state permissive for wake or sleep, rather than inducing one of
these states. At this time, the safest and most effective remedy
for jet lag remains properly timed light and dark exposure. 
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Shift Work
Shift workers, comprising approximately 20 percent of the
American workforce, experience a situation similar to jet lag.
When individuals work at night, they are typically doing so
during their biological night when the SCN is signaling for
sleep. This leads to decreased alertness, decreased mental func-
tion and an increase in the number of injuries and errors.
Many modern disasters have been linked either directly or indi-
rectly to shift work (e.g., chemical spill in Bhopal, Exxon Valdez
crash, Challenger disaster). While we can design tightly con-
trolled lighting regimes to move the circadian system of individ-
uals to make them alert and
active at night, these protocols
typically fail because individ-
uals revert to being awake
during the daytime on their
off hours, primarily for social
reasons. 

Shift workers generally
have patterns of conflicting
light exposure (night time
light during the week at
work and day time light on
the weekends at home) lead-
ing to a circadian system
that is always shifting and
trying to, and unable to,
entrain to a new schedule.
There has been increased
interest in the use of a pro-
phylactic nap prior to the
night shift (e.g., occurring in
the evening), which may be
effective in lessening some
of the effects of working at
night. This, however, can be
difficult to put into practice.
As with jet lag, many shift workers are treated with prescrip-
tion and non-prescription alerting and sedating agents, but as
with jet lag, these agents treat only the symptoms of the mis-
match between the circadian signal and the environment, and
are imperfect at best. 

Working at night is not limited to what is thought of as tra-
ditional shift work—for instance, hospital residents and
interns and long-distance truckers are two professions that
have historically experienced extended hours with shifts lasting
up to 48 hours. Recent legislation (US Department of
Transportation Hours-of-Service Legislation) and regulations
(ACGME Duty Hour Limits) have attempted to correct the
problem of extended shift lengths, but have had limited success

in effectively changing the outcomes of fatigue and perform-
ance decrements.13 There are currently no pharmaceuticals
available that can offset the effects of such extended, chronic
sleep deprivation. Problematically, many individuals who con-
sistently work long shifts and experience sleep deprivation
become inured to the psychological components and will
report not “feeling” tired. When these individuals are objec-
tively tested in a laboratory, however, their performance is sig-
nificantly worse than when they were not sleep deprived. Error
monitoring in vehicles and in hospitals corroborates the labo-
ratory studies and emphasizes the serious, deleterious effects of

sleep deprivation. 
Until recently, it was

thought that sleep was a bio-
logical necessity in all ani-
mals. There have been several
recent reports, however, that
have raised the possibility
that the brain might be
flipped into a state in which
sleep was unnecessary, or less
necessary, for extended dura-
tions. For example, the
white-crowned sparrow
requires significantly less
sleep during migratory sea-
son.14 Another example is
newborn orcas and their
mothers appear to require
significantly less sleep in the
first two post-partum months
before initiating or reverting
to, respectively, normal sleep
behavior.15 It is unknown if
these mechanisms exist in ter-
restrial mammals or if they
could be induced in humans,

but the possibility remains intriguing. Both prescription and
non-prescription stimulants are often used during times of
extended wakefulness but, as with their use in shift work, these
drugs are unable to offset the decline in cognitive function that
invariably occurs.

Delayed Sleep Phase Disorder
Not all circadian-based disruptions of sleep are due to behav-
ior being at odds with the internal circadian clock; sometimes,
it is due to these factors being additive. Delayed Sleep Phase
Disorder (DSPD) is a condition in which individuals go to
sleep several hours later than a socially acceptable or desired
time. Sleep is restorative and normal once initiated, although it
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is often truncated in the morning due to social responsibilities
(e.g., work, school). DSPD is quite common in teenagers and
is likely due to both social influences (e.g., increased inde-
pendence, lack of set bedtime, computers/instant messeng-
ing/telephones) and a change in their biology. During puber-
ty the phase angle of entrainment (the relationship between
the internal circadian clock and the light schedule) increases
(lengthens), effectively making them more evening type.16

Another biological change, post-puberty, appears to shift
the clock back to its original phase angle of entrainment.
Limiting social influences on bedtime may help some 
of the DSPD in teenagers but the biological influence
remains. DSPD poses a problem in this age group because
there is a fixed, early morning start time for school, which
causes nocturnal sleep to be curtailed and results in very
sleepy students. This sleepiness can manifest itself in multi-
ple, non-exclusive forms including decreased alertness, hyper-
activity, cognitive slowing and emotional lability. Country-
wide, there have been local legislative efforts attempting to
make high schools start and end later, but these have been
met with significant resistance.

Advanced Sleep Phase Disorder
The flip-side of DSPD is Advanced Sleep Phase Disorder
(ASPD), which is defined by sleep onset and awakening sever-
al hours earlier than a socially acceptable time. Interestingly,
this also happens on the flip-side of life, typically beginning in
the sixth and seventh decades. In ASPD, the phase angle of
entrainment moves earlier such that circadian-timed events
occur relatively earlier in the day, effectively making these indi-
viduals more morning type. Another biological change that
contributes to this phenomenon is that older individuals tend
to not sleep as long at night. 

This decrease in sleep appears to be two-fold. First, for rea-
sons that are unclear, there is a decrease in the overall amount of
nocturnal sleep that could occur, even under the best of circum-
stances. Second, there is a diminution in the ability to gate-out
environmental stimuli during sleep which can cause early morn-
ing arousals (e.g., sound of the garbage truck or dawn light). This
latter cause can be helped with simple remedies that make the
environment more permissive of sleep, including installation of
double-pane windows (to reduce sound) and the use of black-
out shades (to reduce unwanted light). 

While we do not know how to increase the overall sleep
need of older individuals to cover eight hours, many older
individuals have frequent naps during the daytime that
decrease the amount of sleep that can occur at night. There is
not a one-to-one correspondence of daytime sleep and night-
time sleep (i.e., 60 minutes of napping during the day does
not equate to 60 minutes less nocturnal sleep), but the occur-

rence of naps does reduce the amount of time one will be able
to spend asleep at night. The loss of strong social signals (e.g.,
work), in addition to being permissive for napping, also con-
tributes to a shifting of the schedule to an earlier time. Thus,
ASPD in older individuals may, in part, be treated with mod-
ifications of behavior. In some individuals, ASPD may be due
to a genetic cause.17 These cases, however, are very rare and
have presented as autosomal dominant with high penetrance.

Conclusion
Understanding the basic neurobiology underlying circadian
rhythms and its interactions with the environment is a critical
aspect in providing effective treatments. As there are increasing
numbers of individuals with circadian-based sleep disruptions,
there has been an increased effort to develop appropriate, evi-
dence-based treatment. The potential health consequences of
disrupted circadian rhythms place further impetus on their
proper treatment. PN
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