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Abstract

This review summarizes recent developments relevant to the treatment of circadian rhythm sleep-

wake disorders. The clinical practice guidelines for the treatment of intrinsic circadian rhythm 

sleep-wake disorders is described, followed by recent treatment studies for delayed sleep-wake 

phase disorder, non-24 hour sleep-wake disorder, irregular sleep-wake disorder and shift work. 

New methods to estimate circadian phase, including home saliva collection to estimate the dim 

light melatonin onset, circadian questionnaires and general rules to guide light and exogenous 

melatonin treatments are described. New developments in light treatment are detailed, including 

light flashes during sleep and wearable light devices. Substances such as caffeine and alcohol, and 

devices such as electronic tablets are also considered for their potential to shift circadian timing. 

Finally, an update on melatonin supplements in the US is discussed, along with the controversy 

surrounding the use of melatonin supplements in patients with prediabetes or diabetes.
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Introduction

This article reviews interesting and important findings published since 2013 relevant to the 

treatment of circadian rhythm sleep-wake disorders. The recent update to the clinical 

practice guideline for the treatment of intrinsic circadian rhythm sleep-wake disorders is first 

summarized, followed by a review of recent treatment studies published since then. These 

include studies assessing treatments for delayed sleep-wake phase disorder, non-24 hour 
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sleep-wake disorder, irregular sleep-wake disorder and shift work. New approaches to 

estimate circadian timing are then reviewed, including home saliva collection to directly 

measure the dim light melatonin onset, and the use of circadian questionnaires to estimate 

the dim light melatonin onset. General rules to guide light and exogenous melatonin 

treatments are also presented. New developments in light treatment are also discussed, 

including light flashes during sleep and wearable light devices. Substances such as caffeine 

and alcohol, and devices such as electronic tablets are also considered, for their potential to 

inadvertently shift circadian timing in an unwanted direction. Lastly, an update on melatonin 

supplements in the US is discussed, along with the controversy surrounding the use of 

melatonin supplements in patients with prediabetes or diabetes.

Update to Clinical Practice Guideline for the Treatment of Intrinsic 

Circadian Rhythm Sleep-Wake Disorders

In 2012 the American Academy of Sleep Medicine (AASM) formed a task force to update 

the practice parameters for the intrinsic circadian rhythm sleep-wake disorders (CRSWDs). 

Search terms were agreed upon and a literature search was conducted of relevant articles 

published since the last practice parameters were issued in 2007. The task force then 

developed PICO (Patient, Population or Problem, Intervention, Comparison and Outcomes; 

see Table 1 in [1]) questions that were used in the assessment of the literature. As part of this 

process, the critical outcomes and the degree of change considered clinically relevant were 

defined. The task force then chose articles from the literature search for inclusion and the 

relevant data were extracted (including study methodology and type, subject population, 

intervention(s), relevant outcome measures, harms and limitations). The extracted data were 

classified by CRSWD, outcome measure, PICO question addressed, study design, and 

assessment method. Meta-analyses were conducted when possible. Finally, the GRADE 

(Grading of Recommendations Assessment, Development and Evaluation) system was used 

to evaluate the data and arrive at treatment recommendations by taking into account the 

quality of the evidence, an assessment of risks and benefits, and patient values and 

preferences.

The use of the more rigorous GRADE system resulted in truly novel CRSWD practice 

guidelines that were notable for a lack of any recommendation for the majority of disorders 

and interventions assessed. The recommendations that were made were further notable for 

the general weakness of recommendation (see Table 5 in [1]). For those interventions 

without a recommendation, an accompanying editorial made clear that the task force was not 

indicating that these interventions should not be used by clinicians [2]; rather, the available 

evidence was insufficient to make a recommendation for or against such interventions. In 

brief, the practice parameters issued a weak recommendation for the use of light therapy in 

Advanced Sleep-Wake Phase Disorder (ASWPD) and Irregular Sleep-Wake Rhythm 

Disorder (ISWRD), and a strong recommendation against the use of sleep-promoting 

medications in ISWRD. There was also a weak recommendation for timed melatonin or 

melatonin agonists in Delayed Sleep-Wake Phase Disorder (DSWPD), Non-24 Hour Sleep-

Wake Rhythm Disorder (N24SWD) and ISWRD in children/adolescents with neurological 

disorders, but a weak recommendation against melatonin in elderly demented populations. 
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In terms of combination treatments, there was a weak recommendation for the use of light 

and behavioral interventions in children/adolescents with DSWPD, and a weak 

recommendation against the use of melatonin and light in elderly demented individuals with 

ISWRD. A pictorial summary of the recommendations for treatment are shown in Figure 1. 

The general weakness of these practice parameters reflects the deficits in the evidence base 

and highlights the need for clinical trials for CRSWD interventions [2].

Following the publication of the AASM practice parameters, we published a practical review 

aimed at helping clinicians treat patients with a CRSWD or those suspected of having some 

degree of circadian misalignment that impacted disease signs and/or symptoms [3]. Updates 

to the practice guidelines for the treatment of extrinsic CRSWDs (shift work and jet lag 

disorders) should be forthcoming from the AASM in the next few years.

More Recent Studies on Circadian Rhythm Sleep-Wake Disorders

We searched for studies of intrinsic circadian rhythm sleep-wake disorders published from 

2014 onwards, to identify any studies published after the literature search for the update in 

clinical practice guideline. We found no new studies of advanced sleep-wake phase disorder. 

There was one new study of delayed sleep-wake phase disorder. In this study Saxvig et al. 

[4] randomized 40 adolescents diagnosed with DSWPD to one of four 2-week treatments: 

dim morning light plus placebo capsules, bright morning light plus placebo capsules, dim 

morning light plus melatonin capsules and bright morning light plus melatonin capsules. All 

treatments included the gradual advancement in wake times and capsule and light 

administration times by 1 hour per day (such prescribed sleep-wake scheduling would have 

classified even the light- or melatonin-only interventions as combination treatments in the 

AASM CRSWD practice guidelines). Light (“approximately 10,000 lux” versus 400 lux of 

“dim red” light) was administered for 30–45 minutes upon awakening while capsules (3 mg 

melatonin or placebo) were administered 12 hours after waking (but not before 8 pm). 

Outcomes included sleep diaries, wrist actigraphy and salivary dim light melatonin onset 

(DLMO). No differences were found across the four groups with an approximate 2 hour 

advance seen in the DLMO and rise time and a 1 hour advance in bedtime. Therefore, none 

of the interventions either alone or in combination were any more effective than the 

advancement of wake times alone. The study also included a subsequent 3-month open label 

trial of melatonin and bright light versus no intervention and found that only the former 

maintained the shift in sleep to an earlier time.

There were two new publications concerning blind individuals with N24SWD. Most 

important was Lockley et al.’s study [5] of the drug Tasimelteon in this population which 

became the first medication approved by the FDA for the treatment of any CRSWD. The 

study was a randomized, placebo controlled study in 84 individuals with N24SWD 

comparing 20 mg of tasimelteon and placebo administered 1 hour before a target bedtime. 

Tasimelteon was found to safely and effectively treat individuals with N24SWD: 

entrainment (synchronization to the 24-hour day) occurred in 20% (8 of 40) of patients 

receiving the drug compared with 3% (1 of 38) receiving placebo. As noted in the AASM 

CRSWD practice guideline [1], the entrainment rate was lower than the 67% entrainment 

rate (12 of 18 patients) found in the meta-analysis of melatonin treatment in N24SWD. 
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However, as noted by the authors themselves, this may have been because entrainment was 

assessed after just one month of treatment. Such a theory is borne out by the higher rates of 

entrainment found during the longer, open label treatment with tasimelteon. The tasimelteon 

study also demonstrated improvements (increases and decreases, respectively) in nighttime 

and daytime sleep (as measured by the worst quartiles of treatment days compared to 

baseline). Of note, the Tasimelteon study could also be considered to include a component of 

prescribed sleep/wake scheduling as subjects were instructed to maintain self-selected 9 

hour sleep opportunities with bedtimes within a 4 hour range (21:00 to 01:00). The second 

new publication in N24SWD was a small placebo-controlled study by St. Hilaire and 

Lockley [6] looking at the effects of caffeine on entrainment in three blind individuals with 

the disorder. Caffeine (150 mg at 10 am) failed to entrain the subjects although it did 

improve daytime alertness in the setting of circadian misalignment.

A single new study of light therapy in elderly patients with dementia and irregular sleep-

wake rhythm disorder (ISWRD) was published by Figueiro et al. [7]. The study looked at 4 

weeks of “bluish-white” light in 14 individuals with dementia living in a skilled nursing 

facility using custom built “luminaires” in the patient’s rooms (on from approximately 6–8 

am to approximately 6 pm). Light and activity were measured with a Daysimeter device 

placed on the wrist and improvements with light therapy were seen in sleep efficiency and 

total sleep time as well as an increase in “phasor magnitude” (a quantification of the 

relationship between the timing and amplitude of the rest-activity rhythm and light-dark 

timing) that the authors suggested represented an increase in “circadian entrainment.” As 

noted above, AASM practice parameters included a weak recommendation for light therapy 

in this particular patient population with ISWRD and the results of this study are consistent 

with this recommendation.

We also searched for recent studies of shift work and jet lag from 2013 onwards, deemed 

relevant to treatment. One study reported on the effects of aligning work schedules to 

individual shift worker’s chronotype and found significant improvements in the workers’ 

sleep [8]. Specifically, in an industrial factory, over a 5 month period, Vetter and colleagues 

abolished morning shifts for late chronotypes and night shifts for early chronotypes, while 

intermediate chronotypes continued to work morning, evening and night shifts in a rotating 

forward shift schedule. In response, they observed in the late and early chronotypes, a 

significant increase in self-reported sleep duration on work days (24–28 minutes) along with 

improvements in sleep quality and wellbeing. This study highlights the importance of 

considering chronotype when assigning work schedules for shift workers.

New Approaches for Measuring Circadian Timing in Patients

The most reliable marker of circadian timing in humans is the dim light melatonin onset 

(DLMO) [9], which is the time when endogenous melatonin levels begin to rise in dim light, 

on average about 2–3 hours before habitual bedtime [10, 11]. Melatonin must be measured 

in dim light because light can suppress melatonin secretion [12]. As highlighted by others, 

the measurement of the DLMO in patients can assist both with the diagnosis of most 

circadian rhythm sleep wake disorders, and also with optimizing the timing of bright light 

and/or exogenous melatonin treatment [13, 14]. However, the DLMO is not yet commonly 

Burgess and Emens Page 4

Curr Sleep Med Rep. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



measured in the clinic. As a proof of concept study, we recently tested a home kit and 

procedure with objective measures of compliance to the requirement for dim light levels and 

scheduled times for saliva samples. In 32 healthy controls, we found that the home DLMOs 

compared favorably to the standard laboratory based DLMOs (r=0.91, p<0.001), and only 

8% of home DLMOs were confounded by light or sampling errors [15]. In a second study of 

32 patients with DSWPD, we also found that the home DLMOs compared favorably to the 

standard laboratory based DLMOs (r=0.93, p<0.001) [16]. Compliance to the home 

procedures was also good in these patients, but light and sampling errors occurred more 

frequently around the time of the DLMO, resulting in greater data loss (17% of the home 

DLMOs were invalid) [16]. Overall, these studies demonstrate that accurate DLMOs can be 

assessed in the home and we hope that in the future home-based assessment of the DLMO 

for the diagnosis and treatment of CRSWD becomes the norm [17].

However, when measuring the DLMO is not feasible, one approach to estimating circadian 

phase could be to use circadian questionnaires that ask people about the timing of their 

behavior, such as their sleep. Two commonly used questionnaires include the Morningness-

Eveningness Questionnaire (MEQ) [18] from which a MEQ chronotype score can be derived 

and the Munich ChronoType Questionnaire [19] from which a midpoint of sleep on work-

free days, sleep corrected (MSFsc) chronotype value can be derived. In 2014, Kitamura and 

colleagues [20] reported results from the first study to assess the MEQ score, MSFsc and 

DLMO in the same sample of subjects (n=44). They found the DLMO was significantly 

correlated with the MEQ score (r=−0.40, p=0.055) and MSFsc (r=0.54, p<0.001). Recently 

in a larger sample (n=60) with a larger range in chronotype and DLMO, we found stronger 

correlations between DLMO, MEQ score and MSFsc [21]. In this case, both MEQ score and 

MSFsc were essentially similarly correlated with the DLMO (MEQ score r=−0.70, p<0.001; 

MSFsc r=0.68, p<0.001). However, we noted a range of about 4 hours in the DLMO around 

each chronotype score, suggesting these measures of chronotype are too variable to be used 

to time circadian based treatments, as this could result in the mistiming of treatments relative 

to the DLMO, potentially worsening the circadian misalignment [21]. It remains to be 

determined how closely phase shifts in the DLMO can be reflected in changes in these 

chronotype scores.

Currently, instead of estimating the DLMO from chronotype scores, we use rough rules of 

thumb to guide light and melatonin treatment when measuring the DLMO is not feasible [3, 

22]. For example, for phase advancing light treatments we tend to avoid starting the light 

treatment more than 1 hour earlier than spontaneous wake time to avoid accidental phase 

delays. Phase delaying light can extend into the first 3 hours or so of the habitual sleep 

episode. For melatonin treatments we tend to estimate the DLMO about 2–3 hours before 

bedtime, such that melatonin is taken about 5 hours before habitual bedtime to phase 

advance and around habitual wake time to phase delay. We typically instruct patients to take 

low doses (≤0.5 mg) when they need to minimize the soporific effect of exogenous 

melatonin, and high doses (3mg) when falling asleep (a dark pulse) would assist in the 

desired phase shift (Figure 1). Ultimately however, the treatment of CRSWD will be 

optimized once the direct assessment of the DLMO in the clinic or in people’s homes 

becomes more commonly available.
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New Methods of Light Administration

The main burden typically associated with light treatment is the time commitment, such as a 

30 minute to 1 hour treatment per day, and/or the usual requirement to be seated close to a 

light box in order to receive light of sufficient intensity [3]. To avoid the daily time 

commitment during wakefulness, there has been much interest in applying light treatment 

during sleep, when the circadian system is usually very sensitive to light. Recently, a 1 hour 

interval of millisecond flashes of bright light from a flash bulb placed above people’s heads 

while they slept was found to significantly phase delay the DLMO by about 30 minutes [23]. 

The 1 hour interval of light flashes was timed to occur during the third hour of the habitual 

sleep episode. The bright light was of sufficient intensity to still reach the retina after 

passing through closed eyelids, without major disruption to sleep [23]. Indeed, such light 

flashes may sometimes produce larger phase delays than seen with continuous light [24]. 

Others have recently reported on a light mask worn during sleep that can also phase delay 

circadian timing, up to 30 minutes after a 60 minute light exposure window during the first 

two hours of the habitual sleep episode [25]. While these recent findings are promising, to 

our knowledge no such light at night systems or light masks are currently commercially 

available.

The requirement to be seated close to a light box for 30 minutes to 1 hour per day likely 

contributes to adherence issues in home treatments. Two wearable light devices are now 

available commercially. The Luminette 2 device (Myluminette.com) resembles a visor, with 

the light source positioned above the eyes. The Re-timer device (Re-timer.com) is more 

similar to glasses, and the light source is positioned below the eyes. Both devices are 

lightweight, very portable, easily charged, have good battery life, have adjustable light 

intensity to accommodate patient preference, and importantly permit the patient to be 

ambulatory during light treatment. In our opinion, these wearable devices are likely to 

improve compliance to light treatment. While there is evidence that an earlier prototype of 

the Re-timer could shift circadian timing [26], we await publications that conclusively 

demonstrate that these devices can shift circadian timing.

Substances and Devices That May Alter Circadian Timing

As noted above, caffeine failed to result in entrainment in a small placebo-controlled study 

in blind individuals with N24SWD [6] who would have required daily phase advances to 

effectively treat their disorder (shifts in the timing of the circadian pacemaker to an earlier 

time). However, another study recently demonstrated that caffeine is capable of causing 

phase delays in the timing of the circadian pacemaker raising the possibility that caffeine 

could be used as a true chronobiotic. Burke et al. [27] administered 2.9 mg/kg of caffeine 3 

hours before habitual bedtime in a double-blind, placebo controlled fashion in 5 healthy 

individuals and found that caffeine caused a phase delay that was approximately 40 minutes 

longer than the dim-light placebo control. In comparison, the response to a 3 hour exposure 

of ~3,000 lux beginning at habitual bedtime was about 85 minutes longer than the dim-light 

placebo. Therefore caffeine might have potential as a phase delaying agent in ASWPD or in 

N24SWD patients with circadian periods that are less than 24 hours and therefore require 

corrective phase delays to achieve entrainment. However, first it would have to be 
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determined whether the direct alerting effects of caffeine would negate any circadian 

resetting benefits in these disorders and whether the dose-response and phase-response 

curves for caffeine are favorable for its use in CRSWDs.

A single dose of alcohol can alter phase shifts to light in rodents, presumably due to the 

alcohol directly altering levels of GABA and glutamate in the suprachiasmatic nuclei, the 

location of the central circadian pacemaker [28, 29]. We recently conducted two placebo 

controlled, within subject design studies to determine for the first time if a single dose of 

alcohol (0.6–0.8 g/kg, approximating 2–3 standard drinks) can alter phase shifts to light in 

humans [30]. In one study, 14 healthy subjects consumed alcohol (vs. placebo) in the late 

evening immediately before a 2-hour bright light treatment, to test the effect of alcohol on 

phase delays to light. In the other study, 10 healthy subjects consumed alcohol (vs. placebo) 

in the early morning, immediately before a 2-hour bright light treatment, to test the effect of 

alcohol on phase advances to light. In both studies, there was not a consistent response, with 

alcohol increasing phase shifts to light in some individuals, but decreasing phase shifts to 

light in other individuals. Additionally, the differences in phase shifts between alcohol and 

placebo were on average always less than 30 minutes, indicating the changes in phase shifts 

were not meaningful. It remains to be determined if chronic alcohol consumption can alter 

phase shifts to light.

Finally, the use of light emitting devices must be considered both as potential interventions 

in CRSWDs and, more likely, as precipitators or perpetuators of these disorders. Chang et al. 

[31] demonstrated in a randomized cross-over laboratory study that exposure to a light 

emitting electronic book (e-Book) for approximately 4 hours prior to bedtime over 5 

evenings caused a phase delay compared to reading a printed book for the same period (the 

DLMO occurred ~1.5 hours later in the e-Book condition). This study was criticized as 

lacking generalizability due to the daytime light levels (~90 lux) the subjects were exposed 

to in the laboratory - the contention being that most individuals experience brighter light 

conditions during their waking day outside the laboratory and that such relatively dim light 

might have caused increased sensitivity of the circadian system to the resetting effects of the 

e-Books [32]. However, this study, and others [33] highlight the impact of industrial lighting 

conditions on biological timing. Specifically, they are consistent with the hypothesis that a 

significant delay in the timing of the biological clock occurs under conditions of artificial 

light exposure. To what extent the exposure to industrial lighting conditions contributes to 

the development of some CRSWDs remains to be demonstrated as does the potential impact, 

in CRSWDs, of countermeasures targeting this same exposure [34].

Update on Exogenous Melatonin

The development of several melatonin agonists (including Tasimelteon noted above) has 

brought to the fore the question of whether exogenous melatonin itself or melatonin agonists 

are most appropriate for the treatment of CRSWDs. Melatonin was given a weak 

recommendation for the treatment of DSWPD, N24SWD and children and adolescents with 

neurological disorders and ISWRD in the AASM practice parameters. As we have noted 

previously, melatonin is classified as a dietary supplement by the FDA and therefore is not 

regulated like pharmaceuticals. This has led to questions regarding both the purity and the 

Burgess and Emens Page 7

Curr Sleep Med Rep. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



dose accuracy of various melatonin preparations. However, choosing a melatonin 

preparation from a supplier that participates in the USP Verified Program for Dietary 

Supplements might address these issues. Indeed, in 2015 a Melatonin USP certified product 

was added to the national formulary of the Veterans Health Administration (http://

www.pbm.va.gov/clinicalguidance/drugmonographs.asp) which is the largest integrated 

health care system in the United States (www.va.gov/health). The specific indications 

included DSWPD and N24SWD.

The potential contraindications to melatonin use have included excessive sedation with 

ingestion, pregnancy or nursing, seizure disorders and warfarin therapy. More recently, the 

question of the potential effects of exogenous melatonin on glucose tolerance has been 

raised despite the fact that lower endogenous levels of melatonin have been found to be 

associated with increased risk of type II diabetes [35]. Rubio-Sastre et al. demonstrated that 

5 mg of exogenous melatonin acutely impaired glucose tolerance [36]. The same group has 

recently also showed that a common genetic variant that is associated with increased type II 

diabetes risk is also associated with worse glucose tolerance in response to exogenous 

melatonin [37]. As the potential metabolic consequences of melatonin administration 

become clearer they will have to be weighed against the possible metabolic consequences of 

circadian misalignment associated with the CRSWDs themselves [38, 39].

Conclusions

This review provided an update on recent findings and developments that are relevant to the 

treatment of CRSWD. These new findings ranged from the new update to the clinical 

practice guideline for the treatment of intrinsic CRSWD, to recent treatment studies 

published since then. New approaches to estimate circadian timing, new developments in 

light treatment, and consideration of substances and devices that may inadvertently shift 

circadian timing were also reviewed. Lastly, recent developments regarding melatonin 

supplements were discussed. It is clear that large randomized clinical trials testing 

combination treatments in patients with carefully defined CRSWD are sorely needed [2]. 

Field based studies are also required, as laboratory settings often lead to an artificial 

restriction in activities and movement, that can for example, artificially reduce the high 

variability in light exposure people often receive in their homes [40].
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Figure 1. 
A pictorial representation of the most recent clinical practice guideline recommendations for 

treatment of the treatment of intrinsic circadian rhythm sleep-wake disorders. From top 

down is Advanced Sleep-Wake Phase Disorder, Delayed Sleep-Wake Phase Disorder, 

Non-24 Hour Sleep-Wake Disorder in the blind with circadian period >24 hours, Non-24 

Hour Sleep-Wake Disorder in the blind with circadian period <24 hours, Irregular Sleep-

Wake Disorder for the elderly, and Irregular Sleep-Wake Disorder for children. The times in 

red indicate the range in typical fall asleep or wake times seen in patients prior to treatment, 

and the red arrow represents the direction of desired phase shifts. The light bulb symbol 

represents light therapy. The circles represent melatonin pills with doses suggested by the 

authors to either minimize or maximize melatonin’s soporific effect as needed.
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