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Synopsis

Circadian (body clock) timing has a profound influence on mental health, physical health, and 

health behaviors. This review focuses on how light, melatonin and other melatonin receptor 

agonist drugs can be used to shift circadian timing in patients with misaligned circadian rhythms. 

A brief overview of the human circadian system is provided, followed by a discussion of patient 

characteristics and safety considerations that can influence the treatment of choice. The important 

features of light treatment, light avoidance, exogenous melatonin and other melatonin receptor 

agonists are reviewed, along with some of the practical aspects of light and melatonin treatment.
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Introduction

Multiple varieties of light devices and multiple formulations of exogenous melatonin are 

commercially available without prescription in the United States. Light devices are most 

commonly used by patients with seasonal affective disorder, which represent about 1–2% of 

the North American general population [5]. Similarly, about 2% of US adults use exogenous 

melatonin, most typically as a sleep aid [6, 7]. There are also several melatonin receptor 

agonist formulations available via prescription in various countries around the world.
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Light, melatonin, and other melatonin receptor agonists can significantly impact circadian 

(“body clock”) physiology, particularly the timing of circadian rhythms. Circadian timing in 

turn has a widespread and profound influence on mental and physical health (e.g. [8–10]). 

For example, there are projections from the central circadian clock to peripheral tissues [11, 

12], and the circadian clock has a direct influence on sleep [13] and inflammatory processes 

[14]. The central circadian clock also influences circadian clocks in peripheral systems [15]. 

The focus of this review is on the use of light, melatonin and other melatonin receptor 

agonists to shift central circadian timing in patients in whom misaligned biological rhythms 

are thought to play a role, and the practical issues surrounding their use. Light can also 

suppress melatonin [16] and increase alertness [17] and exogenous melatonin can increase 

circulating levels of melatonin [18], but here we restrict our focus to circadian phase shifting 

as this is most often the aim of light and melatonin treatment. We intend for this review to 

complement rather than replace clinical recommendations on the use of light, melatonin and 

other melatonin receptor agonists to treat circadian rhythm sleep disorders ([19]), depression 

(e.g. [20, 21]) and/or insomnia (e.g. [22]). Below we provide a brief review of the human 

circadian system, followed by a summary of the patient characteristics and safety issues to 

consider before recommending light treatment, melatonin or other melatonin receptor 

agonists to patients. We then review the characteristics of light that are relevant to circadian 

physiology, and practical aspects of light treatment and conversely, light avoidance. The 

important features of exogenous melatonin and other melatonin receptor agonists are then 

described, followed by practical aspects of melatonin treatment and briefly, how melatonin 

can be combined with light treatment to increase shifts in circadian timing. We end with a 

consideration of how to evaluate patient outcomes post-treatment.

The Central Circadian System

The central circadian system can be conceptualized as having 3 components: (1) input 

pathways that provide signals to synchronize the endogenous central clock to the external 

environment, (2) the central clock, which generates the rhythms, and (3) output pathways or 

rhythms that convey the central clock signal to other regulatory systems in the brain and 

body (Figure 1). In terms of input pathways, the strongest resetting agent is light. Light is 

captured by the five retinal photoreceptors (rods, blue cones, green cones, red cones, and the 

intrinsically photosensitive retinal ganglion cells [ipRGCs]) and the signal is transmitted to 

the central circadian clock [23]. Other “non-photic” stimuli, such as exogenous melatonin, 

can also be used to shift circadian timing. Here we refer to exogenous melatonin as 

melatonin that people typically ingest, after which it enters the circulation and is believed to 

shift circadian timing by binding to melatonin receptors on the central clock [24].

The central circadian clock is located in the suprachiasmatic nuclei (SCN) in the 

hypothalamus [25]). More than 70% of humans have an endogenous period greater than 24 

hours (on average ~24.2 h) [26, 27]. Thus, for most humans, their internal body clock takes 

more than 24 hours to complete one cycle, meaning that they have an endogenous tendency 

to drift later (“phase delay”) each day. This is perhaps most commonly seen in the later sleep 

times that often occur on the weekend or work-free days [28]. A gradual later drift in 

circadian timing is also seen in totally blind individuals, as light does not reach their internal 

Emens and Burgess Page 2

Sleep Med Clin. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



circadian clock [29]. Thus, daily input signals are required to shift the clock earlier (“phase 

advance”) to synchronize the clock’s timing to the external 24-hour day.

The output circadian rhythm often measured to infer the timing of the central circadian clock 

in humans is the endogenous melatonin rhythm. We use the term endogenous melatonin, to 

refer to internally produced melatonin. The endogenous melatonin rhythm is believed to 

accurately represent the timing of the central circadian clock, as the secretion of melatonin 

from the pineal gland is controlled by the SCN [30]. Endogenous melatonin also likely feeds 

back to bind to the central clock and reinforces circadian timing [31]. Currently, the most 

reliable marker of circadian timing is the dim light melatonin onset (DLMO) [32], which is 

the time when endogenous melatonin levels begin to rise in dim light ~2–3 hours before 

habitual bedtime [33] (Figure 2). Endogenous melatonin must be measured in dim light, as 

light suppresses melatonin [16, 34]. The DLMO is most easily assessed via half-hourly or 

hourly saliva samples collected in the ~6 hours or so before habitual bedtime, which are 

later assayed for melatonin concentration [35].

In addition to the endogenous melatonin rhythm, it is important to note that the central 

circadian clock drives a whole host of other output rhythms, and impacts multiple other 

systems including, but not limited to: endocrine systems [36], metabolism [37], 

inflammation [14], mood [10, 38, 39] and behaviors including sleep [40]. Indeed, whether a 

direct or indirect influence, mistiming of circadian rhythms is also associated with an 

increase in negative health behaviors such as the excessive consumption of alcohol, caffeine 

and nicotine [41] and is also associated with unhealthy dietary habits [42]. It has been 

hypothesized that mistimed circadian rhythms play a role in mood disorders as well [39, 43]. 

As the importance of circadian timing to mental and physical health is increasingly 

recognized, we anticipate light and/or exogenous melatonin will be increasingly used as 

adjunctive treatments to other therapies. Light treatment in particular, as a 

nonpharmacological therapy, is likely to be attractive to many patients.

Patient Evaluation Overview and Safety Considerations

When considering light or exogenous melatonin treatment the clinician should first address 

whether the etiology of the presenting signs and/or symptoms may be at least partly due to a 

mistiming of the circadian system (Figure 3). In the case of circadian rhythm sleep 

disorders, this is fairly straightforward as the etiology is assumed to rest with a misalignment 

between the timing of the clock and the desired timing of sleep and wakefulness. However, 

in depression and insomnia, as well as circadian rhythm sleep disorders, it can often be 

difficult in practice to determine whether the etiology of a patient’s complaint is circadian in 

nature. For example, sleep onset insomnia can result from a circadian phase delay but might 

also be the direct result of medical or psychiatric illness, environmental disturbances, 

substances or a host of other factors. The picture is further complicated by the fact that a 

shift in the timing of the clock might be the result of another disorder (e.g., back pain might 

cause early morning awakening that in turn results in exposure to phase-advancing morning 

light). In this way, circadian resetting might be a perpetuating factor as opposed to a 

precipitating one. Nonetheless, symptoms of sleep onset insomnia and morning 

hypersomnolence or fatigue are at least suggestive of a phase delay in circadian timing while 
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symptoms of late afternoon/early evening hypersomnolence or fatigue and early morning 

awakening are suggestive of a phase advance in circadian timing. Evaluation of symptoms 

of depression as they relate to the circadian system are beyond the scope of this review but 

suffice to say that both phase advances and phase delays have been hypothesized to play a 

role [21, 38].

Another important consideration is the consistency of the patient’s light/dark schedule, 

which is largely determined by the consistency of their sleep/wake schedule. In nature, the 

small variability in the timing of light and darkness from day to day (on the order of 

minutes) is easily accommodated by the circadian system. However, under conditions of 

artificial light, it is not uncommon to see variation in the light/dark cycle on the order of 

hours. This variability, most often greatest between work days and work-free days, can 

cause a misalignment between the timing of the central circadian clock and the desired 

timing of sleep and wakefulness (“social jet-lag”) [41]. Moreover, this variability in the 

light/dark cycle can confound the clinician’s efforts to reset the circadian pacemaker, as the 

prescribed resetting “signal” risks being partially lost in the “noise” of a variable light/dark 

schedule. For this reason, in patients with variable sleep/wake schedules, such as those with 

sleep onset and/or wake times that vary for example by more than 3 hours in a week, we 

recommend either first, or in conjunction with light and/or exogenous melatonin treatment, 

working with the patient to try to reduce the variability in sleep/wake timing and also the 

variability in light/dark timing.

Motivation for treatment should also be assessed as this can be a significant barrier to the 

use of light given the time involved and potential limitations on other activities during light 

therapy. The potential contraindications should also be considered (see bullets below). These 

contraindications are not based on large randomized clinical trials, but rather represent a 

cautious approach. Bright light is associated with some side effects, the most common being 

headache, eyestrain, nausea and agitation [44], but often these side effects spontaneously 

remit [44, 45], and patients rarely discontinue due to side effects [45]. Bright light is 

generally considered safe with no changes in extensive ophthalmologic examination 

observed after up to 6 years of daily use (in fall and winter months in patients with seasonal 

affective disorder) [46]. A rare but serious side effect of bright light therapy is mania in 

bipolar patients who overexpose themselves to the light [44, 45]. In our clinical practice and 

clinical trials no significant side effects or adverse events due to bright light treatment have 

occurred.

Potential Contraindications to Bright Light Treatment

• Existing eye disease

• Migraine headaches (if elicited by light)

• Phototoxic medication use

• History of mania

Side effects, besides sleepiness, are infrequent with exogenous melatonin but increased 

depressive symptoms, headaches, hypertension and hypotension, and gastrointestinal upset 
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have been associated with exogenous melatonin administration [3, 47]. There have been 

concerns about potential developmental effects in children (e.g., effects on growth hormone 

[1]) although one study found no effects on pubertal development [2]. Nonetheless, it is 

prudent to exercise caution in the administration of melatonin to pre-pubertal children unless 

the risk-benefit analysis strongly favors treatment (e.g., in children with significant 

developmental delay or children with non-24-hour sleep-wake schedule disorder). Although 

lower endogenous melatonin levels have been shown to be associated with increased risk of 

type II diabetes [48], one study found that exogenous melatonin (5 mg) when administered 

with food acutely impaired glucose tolerance [49]. More research investigating the effects of 

exogenous melatonin on glucose metabolism is required. It should be noted here that 

melatonin is not regulated by the FDA and we discuss issues of purity below.

Several melatonin agonists or prescription melatonin formulations are discussed below and 

carry their own potential side effect profiles including increased risk of liver injury with 

Agomelatine [50, 51]; headache, elevated liver enzymes, cardiac conduction changes, upper 

respiratory and urinary tract infections, and nightmares for Tasimelteon [52]; and headache, 

sleepiness, upper respiratory tract infections, gastrointestinal upset, dizziness and 

dysmenorrheal for Ramelteon [53]. Circadin is an extended release formulation of melatonin 

and has a similar side effect profile to melatonin [54].

Potential Contraindications to Exogenous Melatonin Treatment

• History of excessive sedation with melatonin use, especially with driving or 

operating equipment

• Pregnancy or nursing or seeking to become pregnant

• Children (except those with significant neurodevelopmental delay or non-24 h 

disorder) [1, 2]

• Warfarin therapy [3]

• Epilepsy [3, 4]

Using Light to Shift Circadian Timing

Timing of Light

One of the most complicated aspects of light treatment is that the timing of light treatment is 

critical to the resulting shift in circadian timing. Indeed, it is possible to generate completely 

opposite shifts in circadian timing with precisely the same light, depending solely on when 

the light is administered relative to the timing of the internal circadian clock. To help assist 

in predicting what the effect of light treatment is likely to have on circadian timing, 

mathematical functions called “phase response curves” (PRCs) have been developed (e.g. 

[55]). PRCs can be understood by imagining your participation in a laboratory experiment. 

You are first asked to maintain a consistent sleep/wake schedule with an 8-hour sleep 

opportunity for a week or more at home to stabilize your circadian timing. At the end of this 

baseline week, you arrive at the laboratory in the afternoon, are seated in dim light and every 

30 minutes provide a saliva sample up until or even past your usual bedtime. Then, you sit in 
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front of a light box for an hour, before sleeping in the laboratory. You awake the next 

morning and remain in the laboratory until later that afternoon you repeat the dim light 

saliva collection. The saliva samples are later assayed for melatonin and your individual dim 

light melatonin onset (DLMO, Figure 2) is calculated for each saliva collection session. 

Your first baseline DLMO is then compared to your second post-light treatment DLMO. 

The phase shift in the DLMO is plotted on a y-axis: positive number if the DLMO shifted 

earlier in time after light treatment (phase advance), negative number if the DLMO shifted 

later in time after light treatment (phase delay) or on zero line if no shift in DLMO. On the 

x-axis, the data point is plotted as the start of light treatment relative to your baseline 

DLMO, in this case it would probably be several hours after your baseline DLMO. This 

experiment is then repeated again and again, until there are many data points covering the 

breadth of the x-axis, reflecting that the light treatment was administered at all different 

circadian (DLMO) times. The data points are then curve fit with the resulting mathematical 

function revealing what phase shifts are likely to result when light is administered at 

different times relative to the DLMO. There are a variety of experimental protocols used to 

construct a PRC, but all follow the same basic pattern of assessment of circadian phase, 

exposure to a resetting stimulus, and then reassessment of circadian phase.

There are several limitations to PRCs that are important to keep in mind. First, PRCs 

represent a global average across the individuals who participated in the research protocol 

that generated the PRC. These individuals may have distinct individual differences in their 

response to the resetting stimulus, for example light. Thus, the average PRC is unlikely to 

accurately predict the effect of light treatment in an individual patient. Second, the protocols 

used to generate PRCs often include the unusual timing or shifting of sleep/dark, which may 

not generalize to the nocturnal sleep timing of many patients. Accordingly, we may not be as 

sensitive to light in the middle of day as the light PRC suggests us to be. Indeed, studies of 

either bright light or darkness in the afternoon found no changes in circadian timing [56, 57]. 

Third, most PRCs are referenced to the timing of the DLMO. To date the DLMO is not 

commonly measured in the clinic, although validated home procedures may become part of 

standard clinical practice in the future [58]. Currently, without access to the timing of the 

DLMO, the next best estimate of the PRC is to consider it relative to habitual sleep timing, 

as the DLMO on average occurs ~2.5 hours before habitual bedtime [59]. Note that 

throughout this review, we use the terms habitual bedtime and habitual wake time as proxies 

for habitual lights out and habitual lights on time. As there is substantial individual 

variability in the DLMO to bedtime interval [59], this re-referencing of the PRC from 

DLMO to habitual bedtime adds in substantial error. Furthermore, as noted above, there may 

be significant variability in an individual’s sleep schedule making DLMO predictions based 

on habitual bedtime even more fraught. Nonetheless, despite all these limitations, there is 

still useful information to gain from PRCs (Figure 4).

The key principles evident from the PRC to light that are most relevant to light treatment 

include: (1) light in the evening prior to bedtime and in the first part of habitual sleep phase 

delays circadian timing, (2) light in the morning from a few hours before habitual wake time 

and for several hours after habitual wake time phase advances circadian timing, and (3) the 

effect of light switches from phase delays to phase advances on average, about 3 hours 
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before habitual wake time (Figure 4). Thus, for most night-time sleeping individuals with an 

endogenous circadian period greater than 24 hours, this means that evening light (after 

sunset) should be minimized as it will only exacerbate the natural tendency to drift further 

out of sync with the 24-hour day. Conversely, morning light should be beneficial for most 

people as it provides a corrective phase advance to overcome the natural tendency to drift 

later. Lastly, one needs to be especially careful in administering morning light earlier than 

about 1 hour before habitual wake time, as light treatment earlier than this in an individual 

patient could in fact lead to phase delays instead of the desired phase advances. Keep in 

mind that the magnitude of the phase advances and phase delays following light treatment 

will depend on factors such as the intensity, duration and wavelength of light, as described 

below. Often large individual differences in phase shifts to the same bright light treatment 

are observed (e.g. [60]). On average, patients assigned to a daily white broad spectrum 

bright light treatment for ~1 hour before usual bedtime phase delay ~1 hour, whereas those 

assigned to the same light treatment but around habitual wake time, phase advance ~ 1 hour 

(e.g. [61]).

Intensity of Light

Most typically, light intensity is reported in units of lux, although this unit does not 

adequately reflect the wavelength sensitivities of the primary circadian photoreceptor, the 

ipRGCs [62]. Nonetheless, as a guide, very bright light, such as that experienced outside 

during a sunny cloudless day, can be as high as 100,000 lux. Outside light during rainy days 

can often be above ~1,000 lux. Bright light boxes are often marketed as emitting 10,000 lux 

but that intensity is measured at the light box itself, and when measured at the level of the 

patient’s eye about 2 feet from the light box, the lux level is closer to ~3,000–5,000 lux. 

Indoor light is typically only about 100–200 lux, although at night people typically 

experience less than 40 lux in their homes [63, 64].

Light of greater intensity is often associated with larger phase shifts, but importantly, the 

dose response relationship is nonlinear [65]. The most detailed dose response curve suggests 

maximum phase shifts in humans occur at about 1,000 lux, but importantly the subjects in 

this particular experiment were kept in the laboratory for days in very dim light (< 10 lux) 

before receiving the bright light. The sensitivity to light in humans can vary such that a 

history of dimmer light exposure can increase sensitivity to light, and conversely a history of 

bright light exposure (outdoor workers or beach vacation) can reduce sensitivity to light 

[66]. Accordingly, most patients who are exposed to some outdoor light every day probably 

show increasing phase shifts to light up to approximately 3,000 lux. Notably, the lens of the 

human eye yellows with age [67], leading to reduced responses to moderate light levels [68] 

in older subjects. Thus, the elderly are likely to require bright light for maximum circadian 

phase shifting.

Duration of Light

Generally, the longer the duration of light, the larger the phase shift in circadian timing. 

However, the dose response relationship between duration of light treatment and resulting 

phase shift is also nonlinear [69], such that the start of a light pulse can often have more of a 

phase shifting effect than the rest of the light pulse. The most detailed dose response curve 
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suggests a 1 hour white broad spectrum bright light pulse does not maximize circadian phase 

delays [69]. Indeed, phase delays continue to grow in magnitude with a 4-hour white broad 

spectrum bright light pulse. However, most patients would likely struggle to complete a 

daily light treatment longer than 1 hour, and some may even comply better with a 30 minute 

daily treatment. In our clinical trials with patients we use a 1 hour bright light treatment as a 

practical duration that typically can produce significant circadian phase shifting effects of at 

least 1 hour after several days of treatment.

Color and Wavelength of Light

The primary circadian photoreceptor is considered to be the ipRGCs in the retina. 

Nonetheless, the rods and cones do contribute to circadian responses to light, particularly in 

dimmer light conditions [70, 71] such as that which occurs in the home in the evening after 

sunset [63, 64]. When it was discovered that the photopigment in the ipRGCs, melanopsin, 

is maximally sensitive to blue or short wavelength (~480nm) light [72, 73], researchers and 

clinicians wondered if larger phase shifts could be generated with blue light. However, to 

date there is no evidence that monochromatic blue light boxes can lead to greater phase 

shifts than white broad spectrum bright light boxes [74]. Similarly, white broad spectrum 

bright light boxes with additional blue photons (“blue-enriched”) produce similar phase 

advances and phase delays to white broad spectrum bright light boxes [75, 76]. The lack of 

an additional phase shift is likely due to the bright light boxes already saturating the retinal 

receptors, and thus phase shifts cannot be increased. Nonetheless, at dimmer light intensities 

that do not saturate the retinal receptors, blue light can produce larger phase shifts than 

white broad spectrum light [77].

Practical Aspects of Light Treatment

Light Outdoors

When morning bright light can be found outdoors, patients who need morning light 

treatment should consider a reorganization of their morning schedule (dog walking, outdoor 

exercise etc without sunglasses) to increase their morning light exposure. However, light 

devices are needed for when circumstances do not allow for this, such as with inclement 

weather, or when evening or night-time light treatment is required.

Light Boxes

Light boxes, in a variety of shapes and sizes, come on and off the market at various times. 

Often the choice of a particular light box will vary according to each individual patient’s 

circumstances and preference. In general, we prefer larger white broad spectrum bright light 

boxes as they generate a larger field of bright light which is easier to stay within, ensuring 

adequate light exposure. However, these larger light boxes are somewhat cumbersome to 

move and therefore are best for patients who will receive their light treatment in the same 

place each day (most typically at home). Smaller light boxes are much more portable and 

when battery operated, are particularly easy to take travelling internationally. But it is easier 

to move out of the range of light exposure emitted from smaller light boxes. As described 

above there is no evidence to date to suggest that blue monochromatic or blue-enriched 

white broad spectrum bright light is more effective than white broad spectrum bright light, 
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but if some patients find the brighter light levels aversive they may prefer the dimmer 

devices that emit more blue wavelengths. If a smaller light box is used, it may be useful for 

patients to periodically check their faces in a mirror to confirm they are receiving sufficient 

light [78].

In our laboratory-based studies, we have found a single broad spectrum bright light box 

works well to shift circadian timing providing it is set up correctly. Figure 5 illustrates the 

use of such a light box (EnergyLight HF3318/60, Philips, Inc). A particular advantage of 

this model of light box is that it can tip forward towards the patient from its base. We tape a 

2 feet long string to the base of the light box and the patient pulls the string out to their eyes 

during their light treatment to ensure they are sitting close enough. Note with one light box 

in front of the patient, the ideal activity during the light treatment is to either read or use an 

e-tablet, flat on the table in front of the subject in order to not diminish the amount of light 

reaching their eyes. We also ask patients to turn on their indoor lighting during the light 

treatment to maximum intensity to optimize the light treatment. Patients should not sleep 

immediately after a morning light treatment as this “dark pulse” can counteract the effects of 

the morning light.

In our home-based clinical research trials we find that more than half of the patients wish to 

either watch TV or use a computer during a daily 1 hour bright light treatment. To ensure 

adequate bright light still reaches both eyes, we then use 2 light boxes, that are set up to face 

the patient but are angled slightly to the right and left in order that the patient can view their 

computer screen or TV directly in front of them [79]. If the light set up occurs in the living 

room, side tables are brought in to support the light boxes, and the light set up often creates 

a considerable change to the layout of the room, potentially interfering with the use of the 

space by other family members. A better option when possible, is to set the light boxes up in 

a room separate from the living space, such as a spare bedroom or study.

Dawn Simulators and Light Masks

There has been some interest in shifting circadian timing with light administration during 

sleep. Commercially available dawn simulators are light boxes designed to be placed near 

the bed and set to start increasing light in the 30 minutes or so before usual wake time, 

sometimes remaining on in the first 30 minutes or so after habitual wake time. They are 

typically not as bright as standard light boxes, reaching lower peak intensities (e.g. ~250 

lux). While dawn simulators can improve mood and alertness, the evidence on whether or 

not they can shift circadian timing is mixed. Some studies report that a single morning 

exposure, and a 2 week treatment with a dawn simulator did not shift circadian timing [80, 

81]. However, others report a 3 week treatment produced small phase advances in circadian 

timing (~30 minutes) [82]. As only about 1–2% of the more potent blue/green light 

wavelengths passes through closed eyelids [83], the light from dawn simulators will be most 

effective when it wakes patients early, causing them to open their eyes while the light is on. 

Currently, there is not enough evidence to conclusively recommend dawn simulators for 

phase advancing, but they may be an option for patients who are otherwise unlikely to 

complete a daily morning light treatment.
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Light masks, designed to administer light during sleep, have been developed [84, 85]. The 

masks are designed to emit bright light such that light of sufficient intensity still reaches the 

retina after passing through closed eyelids, without major disruption to sleep. There is 

preliminary evidence that light masks can shift circadian timing [84, 85] and they appear to 

be well tolerated. Nonetheless, more testing of light masks are required and to our 

knowledge no light masks are currently commercially available.

Light Visors and Light Glasses

A significant problem with light boxes is that the patient needs to sit in front of the light box 

for 30–60 minutes per day. One study that examined adherence to a daily light box treatment 

found that on average patients only self-administer about 59% of a prescribed light treatment 

[86]. An alternative to light boxes are head worn light devices. There is some evidence that 

light visors, in which the light source is positioned above the eyes, can phase shift circadian 

timing [87, 88]. One type of light glasses, the Re-timer (Re-time, Inc), has recently become 

commercially available (Figure 6). In this device, the light source is positioned below the 

eyes, and there is some evidence that an earlier prototype of these glasses could shift 

circadian timing [89]. Importantly, these head-worn light devices are highly portable, and 

permit the patient to engage in household activities during their light treatment. Thus, these 

light devices may improve compliance to light treatment, although this remains to be 

conclusively demonstrated.

Most light devices do not record their on/off times for later review by clinicians, despite 

evidence that patients’ reports of light treatment can overestimate duration of light treatment 

[86]. In our home based clinical trials we tape a photosensor (Actiwatch Spectrum, Philips, 

Inc) facing inwards on the bottom of the light box, near the stand, to record when the light 

box is turned on. Ideally in the future, light devices will record their on and off times, just as 

for example CPAP machines for sleep apnea record their usage. This information will help 

the clinician understand if a poor treatment response is due to potential minimal use or even 

use at the wrong time, or if the patient has been compliant to the prescribed light treatment.

Light Avoidance

To facilitate circadian phase shifts to either light treatment and/or exogenous melatonin, 

light exposure at inappropriate times can be avoided or reduced. For example, night shift 

workers wishing to phase delay, can wear dark sunglasses during their morning commute 

home to reduce their exposure to phase advancing morning light [90]. Conversely, patients 

needing to phase advance, can reduce their evening light exposure with the use of blue 

blocker orange glasses which block the blue wavelengths of light the circadian system is 

most sensitive to [91]. We have found that dimming indoor lights in the evening combined 

with evening use of blue blockers, phase advanced the DLMO by ~1 hour, as compared to 

maximizing indoor lighting in the evening [92]. On average, subjects wore the blue blockers 

for ~70% of the prescribed 4 hours, but there was considerable individual variability (10–

98%). There is also much interest in reducing exposure to potentially phase delaying light-

emitting electronics in the evening, as these devices emit blue wavelength light that the 

circadian system is most sensitive to [93]. This can be done by dimming the screen, using 
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devices with smaller screens, wearing blue blockers and overall reducing evening use of 

electronic devices that are brought close to the eyes such as e-tablets and cell phones.

Light/Dark Scheduling

As noted above, it is not uncommon for patients to have irregular sleep/wake schedules that 

beget variable light/dark patterns. Light treatment and the strategic avoidance of light 

therefore have the potential to simply add to the existing light/dark variability. For this 

reason, it is important to ensure that light avoidance and/or light treatments occur at a 

consistent time from day to day. In our clinical practice we often recommend the use of 

alarms, device alerts and outlet timers (for non-battery powered electronic devices) to help 

patients develop a consistent light/dark schedule. Such aids are important for enforcing both 

regular lights on and lights out times. In such cases, it is important to make the distinction 

for the patient between a consistent light/dark schedule, that is under the patient’s control, 

and a consistent sleep/wake schedule which is often out of their control. Finally, many 

individuals will expose themselves to light when attempting stimulus control therapy, a 

mainstay of cognitive-behavioral therapy for insomnia that involves getting out of bed when 

unable to sleep. This also has the potential to cause circadian resetting especially in dark-

adapted individuals.

Using Melatonin and other Melatonin Receptor Agonists to Shift Circadian 

Timing

Melatonin (N-Acetyl-5-methoxytryptamine) is a hormone secreted by the pineal gland. In 

both nocturnal and diurnal (day-active) animals it is secreted during the nighttime and as 

such can be thought of as a marker for the biological night. As first shown by Redman et al. 

[94], exogenous melatonin administration is capable of resetting the circadian pacemaker to 

both an earlier and later time (phase advance and phase delay respectively). Subsequent 

studies have shown this to be true in humans as well [31, 95, 96]. There are two melatonin 

receptor subtypes, MT1 and MT2 and there is evidence demonstrating that both help to 

mediate the circadian resetting effects of melatonin [97, 98].

Timing of Melatonin

Exogenous melatonin, like light, shows differential resetting of the circadian pacemaker 

based on the biological time of administration and, as with light, this can be represented 

graphically using a PRC. The same caveats noted above for light PRCs apply to melatonin 

PRCs as well. Namely, that PRCs average data across many subjects and may not accurately 

predict an individual’s response to exogenous melatonin and that habitual sleep timing 

provides only a rough approximation of circadian phase. One additional caveat that applies 

to the melatonin PRCs is that multiple daily doses were administered over 3–4 days in a 

manner analogous to earlier “3-pulse” light PRCs. With these caveats in mind, several PRCs 

have been published in humans (e.g. [31, 96]) and they generally show: (1) phase advances 

when exogenous melatonin is administered in the late afternoon and evening prior to 

habitual bedtime with maximum phase advances generally occurring about 5–7 hours before 

habitual bedtime, (2) phase delays when exogenous melatonin is administered in the late 

night and early morning with maximum phase delays generally occurring a couple hours 

Emens and Burgess Page 11

Sleep Med Clin. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



after habitual wake time and (3) the effect of melatonin switches from phase advances to 

phase delays just before habitual bedtime (Figure 4). Thus, for most individuals sleeping at 

conventional times, melatonin administration causes maximal shifts in the biological clock 

when patients are habitually awake (i.e., either in the late afternoon for phase advances or 

the morning after awakening for phase delays). As discussed below, this can necessitate 

selection of a dose that does not result in soporific effects. Lastly, one should be aware that 

although the administration of exogenous melatonin just before or during the habitual sleep 

episode would be expected to cause phase delays (Figure 4), there exists potential the 

potential for phase advances during this period of time [96].

Dose of Melatonin

A variety of exogenous melatonin doses have been examined for circadian resetting [31, 96, 

99, 100]. There is evidence of a dose response relationship at lower doses of 0.02 and 0.30 

mg [100]. By contrast, when 0.5 mg and 3.0mg were compared across a range of 

administration times, maximum phase advance and phase delays were similar [96]. Even 

higher doses of exogenous melatonin (≥ 10 mg) may result in a smaller resetting effect [99, 

101]. This initially counter-intuitive finding is likely due to the fact that increasing the dose 

of exogenous melatonin simultaneously increases the concentration of melatonin in the 

circulation and the duration of administration or exposure. Initially, increases in dose 

simply cause increased resetting effects [100] but as higher doses are employed, exogenous 

melatonin levels remain elevated in the circulation for longer periods of time. As a result, 

additional parts of the melatonin PRC may be stimulated resulting in less net circadian 

resetting (i.e., a less discrete time signal is provided). Such “spill over” [101] of melatonin 

onto the “wrong” portion of the melatonin PRC is possible, despite a half-life of just about 

an hour, because even 0.5–1.0 mg doses of melatonin can produce supra-physiological 

levels over several hours or more [31, 102]. Melatonin also has well demonstrated soporific 

effects [102–104] although, at least at 0.30 and 5.0 mg doses, this effect was confined to 

circadian times when endogenous melatonin levels were low (i.e., the biological day) [105]. 

Therefore, care should be taken to use the lowest dose possible when exogenous melatonin 

is taken during the habitual waking hours as is often necessary for maximal circadian 

resetting effects.

Formulation and Melatonin Agonists

Recent years have seen the introduction of a variety of approved melatonin receptor agonists 

and melatonin preparations, all of which are MT1 and MT2 melatonin receptor agonists. 

These include Ramelteon, for the treatment of insomnia; Agomelatine, which is also a 

serotonin 5-HT2c antagonist, approved in Europe and Australia for the treatment of 

depression, Tasimelteon, which was approved by the FDA in 2014 for the treatment of the 

circadian rhythm sleep disorder non-24-hour sleep-wake disorder (non-24), and Circadin, an 

extended release formulation of 2.0 mg melatonin approved in Europe and Australia for the 

treatment of primary insomnia. Of these four drugs, only Tasimelteon was developed with 

circadian resetting in mind and it should be noted that it is the first and only drug approved 

by the FDA for the treatment of a circadian rhythm sleep disorder [106]. Complete PRCs do 

not exist for any of these melatonin agonists although logic and the results of resetting trials 

suggest that the approximate timing of phase advances and phase delays is similar to that of 
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exogenous melatonin [107, 108]. However, variability in the magnitude of phase shifts and 

in the timing of administration for advance and delay shifts might exist. There are no data 

demonstrating superior efficacy of one formulation over another for circadian resetting 

although intuitively, extended release formulations might be expected to be less effective 

due to the “spill over” effects discussed above.

Practical Aspects of Melatonin and other Melatonin Agonist Treatment

Melatonin Preparations

Exogenous melatonin has been classified by the FDA as a dietary supplement and as such is 

not subject to the regulation given to pharmaceuticals; the purity and accuracy of dose of 

exogenous melatonin formulations are not always carefully controlled [109]. There has been 

recent progress in this area and the purity and accuracy of doses may improve, particularly 

those from large well-established supplement manufacturers [110]. Meanwhile, choosing an 

over the counter formulation from a manufacturer who participates in the USP Verified 

Program for Dietary Supplements may help with this quality control problem [111]. 

Consumers can also pay to access the results of consumer group testing of various melatonin 

brands and formulations [112]. An important consideration for therapy with melatonin is the 

low cost (often <10 cents/pill [112]).

Issues of dose are discussed in more detail above but the clinician should be aware that 

commonly available doses (0.5 mg and 3 mg) demonstrate equivalent resetting effects [96] 

while evidence of diminished efficacy with higher doses (“spill over”) appears at doses of 

10 mg and higher. With this in mind, the clinician should choose the lowest dose with 

demonstrated efficacy and lower it further if unwanted sedation occurs. Caution should be 

exercised with the first dose, as with a sedative-hypnotic, to ensure that excessive sedation 

does not occur. Finally, pharmacokinetic data shows that even doses as low as 0.5 mg to 1.0 

mg may result in supra-physiologic levels of melatonin [31, 102].

Melatonin Administration

As with light administration, the clinician should ideally help the patient to adopt as 

consistent of a light/dark schedule as possible first. This may be therapeutic in its own right 

and it also allows for a better prediction of circadian phase based on habitual sleep times. It 

is important to make sure that melatonin is not in competition with either the self-selected 

light/dark cycle or light therapy. It should be noted that the most current melatonin PRC was 

constructed in the laboratory without competing light resetting [96] and, as might be 

expected, it showed somewhat greater phase shifts than a PRC based on melatonin 

administered while subjects lived at home [31]. If symptoms are improved but the timing of 

sleep remains delayed or advanced, the timing of administration can be slowly advanced or 

delayed an hour [113], or less, every several days, as tolerated by the patient, in concert with 

the timing of light and dark such that the relationship to habitual sleep/wake and light/dark 

times is maintained. Patients can be reminded to take melatonin with the use of alarms of 

various sorts, including setting a daily alarm on their cell phones.

A special case exists for the treatment of the circadian rhythm sleep disorder non-24 in 

which circadian phase drifts progressively later, and sometimes earlier, each day due to a 
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lack of synchronization of the biological clock (typically due to a loss of photic input in 

totally blind individuals). The clinician must be especially mindful of timing the 

administration of melatonin or melatonin agonist in such a way as to promote a normal 

relationship between the timing of the clock and the desired timing of sleep (i.e. a DLMO 

~2–3 hours before bedtime). Studies have shown that the final entrained DLMO can occur 

roughly 0 to 5 hours after the time of administration depending on the dose [100, 114]. 

Therefore, administration 3–8 hours before desired bedtime may be necessary. We 

recommend an initial administration time of 6 hours before the desired bedtime. If the 

patient shows evidence of being phase advanced, the time of administration can be delayed 

to a later time (and vice versa). A small minority of blind individuals drift to a progressively 

earlier time [29]. In these cases, administration of melatonin just after the desired wake time 

has been shown to appropriately set the biological clock relative to sleep [115].

Finally, potential interactions with other prescription medications and/or other over the 

counter dietary supplements should be considered (see potential contraindications above). 

Unfortunately, there are indications that less than half of the general population do so [7].

Melatonin and Light Combination Treatment

It has been shown that afternoon melatonin can increase the phase advances obtained with 

morning light administration [116–118]. It has yet to be shown that phase delays obtained 

with evening light treatment can be increased with morning melatonin. To our knowledge, 

there have been no studies to date on light treatment in combination with other melatonin 

receptor agonists.

Evaluation of Outcome

In practice, treatment response is largely assessed on the basis of symptom improvement in 

circadian rhythm sleep disorders since there are currently no FDA approved laboratory 

assessments of circadian phase (i.e. no current clinical DLMO test). Subjective sleep diary 

or, if available, more objective wrist actigraphy measures of sleep timing and relevant sleep 

variables such as sleep onset latency, total sleep time, and early morning awakening are 

useful. In the case of non-24 in the blind, spectral analysis of wrist actigraphy data has the 

potential to be a cost-effective method of assessing entrainment status and therefore 

treatment efficacy [29]. Similar to oral contraceptives, consistent timing in light and/or 

exogenous melatonin treatment is important for efficacy and this should be assessed as well 

(e.g., by diary or medication compliance bottles) before determinations of efficacy are made.

Summary

There is increasing recognition of the important influence circadian timing has on mental 

health, physical health and health behaviors. In this review, we provided a brief summary of 

the circadian system, followed by some of the initial considerations to make when 

considering treating a patient with suspected circadian misalignment. A consistent light/dark 

schedule should first be attempted, followed by a consideration of contradictions and safety 

concerns associated with light and exogenous melatonin treatment. If the patient has no 

contraindications for light treatment, decisions regarding the timing, intensity, duration, 
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color of light and the possibility for complementary light avoidance need to be made. Patient 

input, particularly their motivation to engage in an often required daily treatment, should 

guide the choice of light device. If the patient has no contraindications for exogenous 

melatonin treatment, decisions regarding the timing, dose, slow or fast release formulation, 

purity, and the possible use of other melatonin receptor agonists needs to be made. 

Currently, treatment response is largely assessed based on symptom improvement.
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Key Points

• Circadian timing has a profound influence on mental health, physical health and 

health behaviors

• Individual patients suspected of misaligned circadian rhythms can vary in their 

suitability for light, melatonin and other melatonin receptor agonist treatment

• Prescribing a relatively consistent light/dark cycle is often the first step in 

treatment

• Key features of light treatment to consider include timing, intensity, duration, 

color, light avoidance, and choosing a light device to best accommodate patient 

motivation for treatment

• Key features of exogenous melatonin and other melatonin receptor agonist 

treatment to consider include timing, dose, fast or slow release formulations and 

purity.
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Figure 1. 
The three components of the circadian system: (1) input pathways such as light and 

exogenous melatonin, which provide timing signals to the central circadian clock, (2) the 

central clock, suprachiasmatic nuclei (SCN) in the hypothalamus which generates the 

rhythms, and (3) the output rhythms which includes endogenous melatonin and molecular 

peripheral circadian clocks contained in most tissues. Many of these output rhythms can 

feedback to the central circadian clock.
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Figure 2. 
Individual melatonin profiles generated from saliva samples collected every 30 minutes in 

dim light. Baseline dim light melatonin profiles are shown in black circles. In both 

individuals, the dim light melatonin onset (DLMO) occurs ~3–3.5 hours before habitual 

bedtime. Note that the clock time of the DLMOs varies according to the clock time of 

habitual bedtime in each individual. On the left, the dim light melatonin profile shifts later in 

clock time, after exposure to evening bright light (phase delay). On the right the dim light 

melatonin profile shifts earlier in clock time, after exposure to morning bright light (phase 

advance).

Emens and Burgess Page 23

Sleep Med Clin. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
A flow diagram illustrating an example of clinical questions that should be asked when 

considering light and melatonin treatment. Note that as discussed in the text, light and 

melatonin can be used in combination to augment circadian phase advances. It has not yet 

been determined if the addition of melatonin to light can augment circadian phase delays.
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Figure 4. 
The light and melatonin phase response curves re-referenced to habitual sleep timing. The 

light phase response curve is adapted from a phase response curve generated to a single 1 

hour pulse of white broad spectrum bright light [55]. There is some debate as to whether 

humans are as sensitive to light during the day as this phase response curve suggests. The 

melatonin phase response curve is adapted from a phase response curve generated to 3 days 

of a daily dose of 0.5 mg of exogenous melatonin [96]. Accordingly, we have reduced the 

amplitude of the melatonin phase response curve by a factor of 3 to better estimate the 

effects of a single dose. This phase response curve may overestimate the phase shifting 

effects of exogenous melatonin as the phase shifts were measured in the absence of a fixed 

light-dark cycle. As discussed in the main text, phase response curves are useful general 

guides, but cannot be used to precisely predict phase shifts in circadian timing in individual 

patients.
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Figure 5. 
A member of our research staff demonstrates receiving light treatment from a white broad 

spectrum bright light box. A 2 feet long string attached to the base can remind patients of 

how close they need to sit to the light box to receive light of >3,000 lux.
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Figure 6. 
A member of our research staff demonstrates receiving light treatment from a Re-timer. 

Patients can freely move around while receiving light treatment, and can complete 

household activities.
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