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Study Objectives: To report the diagnostic and treatment challenges of sighted non-24-hour sleep-wake disorder (N24SWD).

Methods: We report a series of seven sighted patients with N24SWD clinically evaluated by history and sleep diaries, and when available wrist actigraphy
and salivary melatonin levels, and treated with timed melatonin and bright light therapy.

Results: Most patients had a history of a delayed sleep-wake pattern prior to developing N24SWD. The typical sleep-wake pattern of N24SWD was seen in
the sleep diaries (and in actigraphy when available) in all patients with a daily delay in midpoint of sleep ranging 0.8 to 1.8 hours. Salivary dim light melatonin
onset (DLMO) was evaluated in four patients but was missed in one. The estimated phase angle from DLMO to sleep onset ranged from 5.25 to 9 hours. All
six patients who attempted timed melatonin and bright light therapy were able to entrain their sleep-wake schedules. Entrainment occurred at a late circadian
phase, possibly related to the late timing of melatonin administration, though the patients often preferred late sleep times. Most did not continue treatment and
continued to have a non-24-hour sleep-wake pattern.

Conclusions: N24SWD is a chronic debilitating disorder that is often overlooked in sighted people and can be challenging to diagnose and treat. Tools to

assess circadian pattern and timing can be effectively applied to aid the diagnosis. The progressive delay of the circadian rhythm poses a challenge for
determining the most effective timing for melatonin and bright light therapies. Furthermore, once the circadian sleep-wake rhythm is entrained, long-term
effectiveness is limited because of the behavioral and environmental structure that is required to maintain stable entrainment.
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BRIEF SUMMARY

with bright light exposure and melatonin in a clinical setting.

Current Knowledge/Study Rationale: Non-24-hour sleep-wake disorder in sighted people is uncommon, often overlooked, and severely affects
daily function and quality of life. We aimed to highlight the challenges in diagnosis and circadian-based treatment of non-24-hour sleep-wake disorder

Study Impact: Although timed melatonin and bright light therapy is effective to entrain the sleep-wake rhythm, it requires frequent physician-patient
contact, and long-term patient adherence to treatment is low. This study highlights the need for understanding the pathophysiology of this disorder, to
develop clinical tools for diagnosis and treatment planning, and to develop and test a targeted and effective long-term therapeutic strategy.

INTRODUCTION

All humans have endogenous circadian rhythms that are regu-
lated by the suprachiasmatic nucleus (SCN), a central clock lo-
cated in the hypothalamus.' The endogenous period in humans is
usually slightly longer than 24 hours, requiring daily adjustment
to entrain to the 24-hour light/dark cycle.>* People with non—
24-hour sleep-wake disorder (N24SWD), previously known as
“free-running rhythm disorder,” are unable to entrain their en-
dogenous circadian rhythm to the 24-hour environment. As a
result, the circadian rhythm of sleep and wake typically delays
each day, resulting in symptoms of difficulty sleeping, exces-
sive sleepiness, or both. The recurring circadian misalignment
significantly disrupts social function and impairs quality of life.*

N24SWD is observed in up to 50% of blind people but is
thought to be rare in sighted individuals.’ The first case report
of a sighted individual with N24SWD was published in 1971,
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describing a male whose “day” was 26 hours long.® Since then,
there have been several case reports; the largest of these con-
sisted of 57 individuals.*

The diagnosis and management of patients with N24SWD
are challenging. An adequate duration of sleep diary or ac-
tigraphy monitoring must be obtained to detect the non—24-
hour pattern. There are limited data on management of sighted
N24SWD, and therapies are based on treatment of N24SWD
in the blind and on phase response curves (PRCs) for light
and melatonin determined in healthy adults.® Bright light
exposure in the biological evening results in a delay of the
circadian rhythm, and light in the biological morning pro-
duces an advance.”” Exogenous melatonin given during an
individual’s biological evening leads to an advance of phase
of the circadian rhythm, whereas melatonin in the biological
morning produces a delay. The maximum phase advance oc-
curs with melatonin 0.5 mg administered 3 hours before the
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Figure 1—Circadian phase marker assessment of
N24SWD.

Sleep Log

12:00 0:00 12:00 0:00 12:00

© W N U R W N

BoR R R
w N kB O

Salivary Melatonin Profile

Melatonin (pg/mL)
5
—

5 ® § & 4 4 g S F A& & F A6 R & &S A4S s % o;m o8 K

Clock Time

Sleep log (A) and salivary melatonin profile (B) in case 1. (A) Double-
plotted sleep diaries from case 1 show daily delays of the sleep-wake
schedule typical of N24SWD. (B) Salivary melatonin profile under dim
light conditions performed on day 6 of the sleep log (between brackets)
revealed a DLMO (defined as exceeding 2 standard deviations from
baseline) at 4:00 PM (arrow). The time from DLMO at 4:00 PM to sleep
onset at 1:.00 AM was 9 hours. DLMO = dim light melatonin onset,
N24SWD = non—24-hour sleep-wake disorder.

dim light melatonin onset (DLMO) or 3 mg 5 hours before
the DLMO."!" Because DLMO typically occurs an average
of 2 to 3 hours before sleep onset in healthy adults, melatonin
should be given 5 to 6 hours before sleep onset for the 0.5-
mg dose or 7 to 8 hours before sleep onset for the 3-mg dose
to achieve the maximum phase advance. In blind N24SWD,
melatonin at 9:00 pm'? or 1 hour before bedtime™ entrained
the sleep-wake schedule and is useful to advance and stabilize
the sleep-wake schedule. In addition, a combination of bright
light in the biological morning and melatonin in the biological
evening leads to greater phase advances than either stimulus
alone'; therefore, combination therapy may be more likely to
entrain people with N24SWD than either melatonin or bright
light therapy alone.

Although earlier reports focus on specific characteristics of
the disorder, in this new report we use a case-based approach
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to illustrate the diagnostic and treatment challenges in sighted
N24SWD and highlight the need for a multimodal treatment
strategy. For each case we provide detailed self-reported and,
in most cases, objective (actigraphic) measures of sleep-wake
patterns and response to treatment.

REPORT OF CASES

The following are a series of seven cases of N24SWD who pre-
sented to the Northwestern University Sleep Disorders Clinic
from 2009 to 2013.

Case 1

History

A 15-year-old male presented with difficulty falling asleep and
excessive sleepiness since the first grade that initially occurred
intermittently. There was no history of long sleep duration or
mood disturbance during the episodes of excessive sleepiness.
Over several years, these symptoms became persistent; be-
cause his sleep-wake times were typically delayed, the diagno-
sis of delayed sleep-wake phase disorder (DSWPD) was made.
Chronotherapy (gradually delaying the patient’s bedtime until
he was sleeping at the desired bedtime) helped him fall asleep
more easily at night, but the benefit lasted only a few weeks.
Despite sleeping for 8 to 9 hours, he continued to feel groggy
for 1 to 2 hours after waking. He previously tried melatonin 3
mg at his desired bedtime to stabilize his sleep-wake schedule
for 1 week and bright light therapy on a separate occasion (tim-
ing unknown) without success. At the time of our evaluation,
his bed and wake times were delaying each day.

Medical history included abdominal discomfort, exercise-
induced asthma, and mononucleosis. Family history was no-
table for insomnia in his father.

Evaluation and Treatment

Sleep diaries over 14 days (Figure 1A) showed a mean daily
delay in midpoint of sleep of 1.5 hours and an average sleep
duration of 9.0 hours, consistent with a diagnosis of N24SWD.
Twenty-four-hour salivary melatonin sampling was done
hourly under dim light conditions at home. Based on the daily
delay in the sleep-wake schedule of approximately 1.5 hours,
the predicted sleep onset time was 10:00 Pm on the day of sam-
pling. Sampling began on day 6 at 5:00 pm, 5 hours before
predicted sleep onset. The patient was instructed to wear dark
goggles (Uvex Bandit, espresso tint, Honeywell Int. Morris
Plains, New Jersey, United States) starting 30 minutes prior
to and during sampling and to keep the lights dim but suf-
ficient to move from room to room. In addition, the patient
was instructed not to eat or drink anything within 20 min-
utes prior to taking a sample and to not brush his teeth or
use a breath mint for 2 hours prior to and during sampling.
The patient slept during part of the sampling period and was
awakened to obtain saliva. The patient collected saliva hourly
by placing a cotton swab (Salivette, Sarstedt AG & Co, Niim-
brecht, Germany), under the tongue for 2 to 3 minutes. Vials
containing the swab were frozen and sent to the laboratory
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for analysis. Melatonin concentration was measured using a
Buhlman direct radioimmunoassay (ALPCO, Windham, New
Hampshire, United States).”> The DLMO was defined as the
point greater than 2 standard deviations above baseline mela-
tonin concentration.

Melatonin levels appeared to have already risen prior to the
start of sampling at 5:00 pm (Figure 1B). The following day,
the DLMO occurred at approximately 4:00 pm (last sample
taken), and the patient’s subsequent sleep onset was at 1:00 AM.
Therefore, we estimated the phase angle from DLMO to sleep
onset to be 7 to 9 hours, compared to a reported average DLMO
to sleep onset phase angle of approximately 2 to 3 hours among
normal adults, though there can be significant interindividual
variability.'®1”

When the patient’s sleep onset reached the desired time of
10:00 pM, melatonin 3 mg at 9:00 pm and bright light therapy
(10,000 lux for 30 minutes) before 11:00 am for 30 to 60 min-
utes were initiated. He was also instructed to keep lights dim
(eg, avoid use of overhead lighting) after 9:00 pm. His sleep-
wake rhythm became more predictable though not stable, and
his abdominal discomfort improved. After 1 week, 1 mg of
melatonin was added at 6:30 pm, and the bright light expo-
sure timing was advanced to 7:30 aM and the duration was
increased to 120 to 150 minutes. These changes resulted in a
stable bedtime of 12:30 aM and wake time of 7:30 AM and fur-
ther improvement in abdominal discomfort. The combination
of an earlier and later dose of melatonin may have provided
both phase shifting (earlier dose, and perhaps later dose) and
soporific effects (later dose). At follow-up 4 months later, he
had a stable bedtime and wake time of 10:30 pm and 8:00 AM,
respectively. At that time, his regimen was melatonin 1 mg at
7:00 pm and 3 mg at 10:30 pm and light exposure duration of
120 minutes starting at 8:00 AM.

Case 2

History

A 19-year-old male presented with difficulty falling asleep
since childhood. During high school, he was unable to fall
asleep before 1:00 aM and required at least 9 hours of sleep
to feel refreshed. At the time of evaluation, his bedtime was
3:30 AM and wake time was 9:00-10:30 aM with an alarm
(3:00—4:00 pm without alarm). On occasion his sleep-wake
rhythm progressively delayed, resulting in sleep onset time
of 6:00 am or later, which interfered with his college perfor-
mance. He tried zolpidem but experienced hallucinations and
grogginess upon awakening.

Medical history included depression and two concussions
with brief amnesia in high school, before his sleep-wake
rhythm started progressively delaying. Family history was no-
table for obstructive sleep apnea (OSA) in his father.

Evaluation and Treatment

Sleep diaries and actigraphy over 14 days showed a N24SW
pattern with a mean daily delay in the midpoint of the sleep
period of 0.8 hours consistent with the diagnosis of N24SWD.
Serial salivary melatonin for DLMO was obtained, similar
to case 1, except that saliva was sampled every 30 minutes
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between 7:00 aM and 1:00 pm, with a predicted sleep onset
time of 11:00 am based on sleep diaries. However, the melato-
nin profile remained low throughout sampling. Although timed
evening melatonin 1 mg and morning bright light therapy were
recommended when his sleep schedule aligned with his goal
bedtime of 11:00 pm, he did not attempt treatment, and daily
delays of his sleep-wake schedule continued.

Case 3

History

A 15-year-old male presented with difficulty falling asleep and
excessive daytime sleepiness. As a child, he was unable to fall
asleep before 1:00 aAM. At age 13 years his sleep onset time de-
layed further to 5:00—6:00 am. By age 14 years, he had a stable
bedtime of 2:00 AM and wake time of 11:00 Am, but would oc-
casionally sleep for 18 to 20 hours.

Medical history included two concussions with a few sec-
onds of loss of consciousness at ages 10 and 14 years. OSA
was diagnosed at age 14 years, but resolved with tonsillec-
tomy. Excessive sleepiness continued and did not improve
with modafinil 400 mg daily. Family history was notable for a
brother with a delayed but stable bedtime of 5:00 Am and wake
time of 12:00 pm.

Evaluation and Treatment

Sleep diaries over 21 days and actigraphy over 14 days dem-
onstrated a non—24-hour sleep-wake pattern with a mean
daily delay in midpoint of the sleep period of approximately
0.8 hours (Figure 2A). Home salivary melatonin sampling,
with methods similar to case 1, was performed every hour be-
ginning at 2:00 am (11 hours before predicted bedtime) until
6:00 aM and then every 30 minutes until 4:30 pm (after pre-
dicted sleep onset). The DLMO occurred at 6:30 AM, and sleep
onset occurred at 11:45 am. The phase angle between DLMO
and sleep onset was 5.25 hours.

After allowing the patient’s sleep-wake times to delay to
the desired sleep time of 10:00 pm, treatment was initiated
with melatonin 0.5 mg between 8:00 pM and 9:30 pm (1 to 2
hours before desired sleep time). He used a goLITE BLU light
box (Koninklijke Philips N.V., Amsterdam, Netherlands), and
was instructed to keep it approximately 2 feet away from
his face and in his visual field for 30 to 60 minutes between
10:00 am and 12:00 pm. These treatments resulted in a stable
sleep-wake rhythm with approximate sleep and wake times of
11:00 pm and 9:30 amMm, respectively. However, he was unable
to maintain treatment after several weeks due to a combi-
nation of staying up late to complete homework or socialize
and not waking up early enough for bright light therapy. The
inability to maintain entrainment may have been due to an
inability to adhere to therapy, inappropriate use of the light
box, or the timing of melatonin. It is also possible that dosing
the melatonin earlier, about 5 hours before desired sleep time,
may have been more effective. In addition, if the patient’s
sleep-wake schedule continued to delay then it would have
been increasingly difficult to maintain treatment and entrain
at the desired time until his sleep-wake schedule eventually
delayed until his desired timing again.
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Figure 2—Actigraphic assessment of N24SWD.
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Double-plotted rest-activity rhythms in case 3 (A), case 5 (B), case 6 (C), and case 7 (D). Rates of delay can be variable among patients with N24SWD.
As seen in (A) and (B), rates of daily delays are slower than in (C) and (D). In those who delay more slowly, the N24SWD pattern may not be apparent in
monitoring for 7 days. Therefore, monitoring for at least 14 days is recommended. In addition, the rate of delay can change within an individual (C), with
greater delays when the sleep onset time occurs during the day. N24SWD = non—24-hour sleep-wake disorder.

Case 4

History

A 26-year-old male presented with difficulty falling asleep at
night and excessive daytime sleepiness. At age 14 years, he
was unable to fall asleep until after midnight and had difficulty
waking up in the morning for school. On weekends his wake
time was 10:00—11:00 am. In college, when his schedule was
more flexible, sleep and wake times delayed each day. At age
22 years, he began to experience headaches, associated with
increased sleep totaling 14 to 20 hours per day. At presenta-
tion, he had a bedtime of 9:00 AmM and wake time of 7:00 pMm,
with approximately 1 hour of daily delay in the sleep time. This
instability of his schedule led to inability to hold a regular job
or schedule social activities.

Medical history included myopia, treated depression and
anxiety, and arachnophobia. There was no family history of
sleep disorders.

Evaluation and Treatment

Sleep diaries over 19 days confirmed the diagnosis of N24SWD
with a mean daily delay in midpoint of the sleep period of ap-
proximately 1.8 hours (Figure 3A).

When his predicted sleep times delayed to 1:00 am, he be-
gan treatment with evening melatonin 1 mg at 9:00 pm. He
was also instructed to use a 10,000 lux light box and keep it
2 feet in front of him for up to 2 hours upon awakening. Un-
fortunately, we do not have a record of what type of light box
he used, how he placed it, or how long he used it each day,
and these variables can affect the effective light intensity.
The melatonin and light therapy resulted in entrainment of
his sleep-wake schedule to a 24-hour cycle based on sleep
diaries and wrist actigraphy (Figure 3A and Figure 3C).
On follow-up 11 months later, he had lost motivation to con-
tinue therapy, and his sleep-wake rhythm continued to delay
each day.
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Case 5

History

A 33-year-old male presented with difficulty falling asleep at
night and inability to maintain a stable sleep-wake schedule
since age 26. By age 28, his sleep and wake times were de-
laying each day. He also reported anxiety, fatigue, daytime
sleepiness, intermittent gastrointestinal discomfort, and morn-
ing headaches. At evaluation, his bedtime was 10:00 pm and
wake time was 5:00—6:00 am. He felt unrefreshed even after
10 hours of sleep. He was unable to hold a job or keep social
activities. He tried several medications, including ramelteon,
aripiprazole, sertraline, trazodone, and dextroamphetamine
but they either did not help or caused intolerable side effects.

Medical history included mild untreated OSA and gastro-
esophageal reflux. Family history was notable for his mother
having late sleep and wake times.

Evaluation and Treatment

Sleep diary and actigraphy (Figure 2B) showed a mean daily
delay in sleep midpoint of 1.5 hours, consistent with N24SWD;
delays were greater when his sleep onset time was during the
daytime.

When his sleep time aligned with his goal bedtime of
11:00 pM, the patient was instructed to begin taking melatonin
1 mg at 9:00 pm and use bright light therapy (goLITE BLU)
placed 2 feet in front of him upon awakening for 45 minutes.
This helped to stabilize his sleep-wake time (Figure 3B and
Figure 3D). He continued to report fatigue despite entrain-
ment. After 14 days, he gradually and intentionally delayed
the timing of melatonin and bright light therapy to as late as
2:15 aM and 12:40 pm, respectively, leading to a slow delay of
the sleep-wake times. However, he was unable to adhere to the
melatonin or morning light therapy. Approximately 2.5 years
later, he resumed treatment. When his predicted bedtime was
at 2:30 AM, he restarted melatonin 1 mg at 12:30 am and bright
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Figure 3—Timed melatonin and bright light therapy for
N24SWD.
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Double-plotted sleep diaries and wrist actigraphy in case 4 (A,B) and
case 5 (C,D) are shown. The days on the actigraphy overlap with those
on the sleep log. Prior to treatment, both cases had daily delays of
the sleep-wake schedule. Treatment was initiated when the predicted
sleep time was at the patient’s desired time. In case 4, melatonin 1 mg
(closed circles) 3 to 4 hours before the desired sleep time and bright
light therapy for 60 minutes (open circles) after waking led to successful
entrainment to a 24-hour schedule. In case 5, melatonin (closed circles)
2 to 3 hours before the desired sleep time and bright light therapy for
usually 45 minutes (open circles) on awakening initially led to successful
entrainment as seen in the first 8 days of treatment. In (D), the arrow
indicates the day treatment was initiated. However, the patient gradually
delayed the timing of melatonin and light, leading to delays in the sleep-
wake schedule. After discontinuing treatment, he continued to delay in
a N24SWD pattern. These cases highlight the ability of timed melatonin
and bright light therapy to successfully entrain the sleep-wake schedule
in patients with N24SWD, but consistent timing and dose is required to
maintain the effect. N24SWD = non-24-hour sleep-wake disorder.

light therapy (goLITE BLU) at 10:00 am for 30 minutes, later
changed to 10:30 am for 60 minutes. His bed and wake times
remained stable at approximately 2:00 aM and 10:30 am for
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Figure 4—Salivary melatonin profile in case 6.
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Sampling began at 5:00 PM and continued every 30 minutes until
midnight. The DLMO occurred at approximately 5:15 PM, when the
melatonin concentration exceeded the 25% of maximum melatonin
threshold. DLMO = dim light melatonin onset.

more than 1 year while using melatonin 1 mg at 12:30 am and
light therapy for 40 to 50 minutes upon awakening.

Case 6

History

A 19-year-old female presented with difficulty maintaining a
regular sleep-wake schedule since age 15 years. Initially, she
reported being an “owl” and a long sleeper, with a preferred
sleep time of midnight to noon. However, over her recent sum-
mer break she began to sleep progressively later, with a daily
delay of approximately 1 hour. Previous treatment using mela-
tonin 3 to 10 mg with zolpidem 10 mg at bedtime and intermit-
tent light exposure at 10:00 AmM were not effective.

Medical history included anxiety and treated social phobia.
Family history was notable for OSA in her father.

Evaluation and Treatment

Sleep diary and actigraphy over 14 days (Figure 2C) showed
a non—24-hour pattern with a mean daily delay of 1 hour. Dim
light salivary melatonin sampling at home, with methods simi-
lar to case 1, revealed a DLMO at approximately 5:15 pMm, when
the melatonin level was at 9 pg/mL, or 25% of the maximum
of 35 pg/mL (Figure 4). On that day, the sleep onset time was
midnight, resulting in phase angle between DLMO and sleep
onset of 6.75 hours. Treatment with 0.5 mg of melatonin at
9:00 pm and light therapy using a 10,000 lux light box kept 2
feet in front of her for 1 hour at 8:30 AM was recommended.
Treatment resulted in entrainment of her sleep-wake schedule
to a 24-hour cycle, with sleep onset of 11:30 pm and wake time
of 8:30 AM, and significant improvement in anxiety. She was
since lost to follow-up.

Case 7

History

A 55-year-old man presented with a 30-year history of diffi-
culty maintaining a stable sleep-wake schedule. A non—24-hour
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Figure 5—Effect of high dose melatonin versus low dose
melatonin with bright light on N24SWD.
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Double-plotted sleep diaries in case 7 are shown before taking
melatonin, (top) while taking melatonin 10 or 20 mg (closed circles), and
(bottom) while taking melatonin 0.5 mg (closed circles) and using bright
light therapy (open circles) for 60 minutes. (Top) This patient had daily
delaying of the sleep-wake schedule, which was slower when the sleep
onset time occurred during the night. With addition of melatonin 10 to
20 mg, the patient continued to delay each day. Furthermore, the rate of
daily delaying increased when the melatonin was taken after or near the
end of the primary sleep episode, and it was slower when melatonin was
taken within several hours before sleep onset. (Bottom) Combination of
low dose melatonin and bright light therapy led to entrainment of the
sleep-wake cycle, though sleep remained fragmented. After treatment
was discontinued, the sleep-wake scheduled resumed delaying. Low
dose melatonin may be more effective than high dose melatonin but the
combination with timed bright light therapy may also be necessary for
successful entrainment in patients with N24SWD. N24SWD = non-24-
hour sleep-wake disorder.

schedule first developed in this patient during high school on
winter break when he was on his own schedule. He could re-
entrain to a 24-hour schedule when school restarted but with
a preferred bedtime of 2:00 am. In his mid-20s the patient ex-
perienced severe depression and was unable to work. He has
since followed a non—24-hour schedule, delaying daily by 45
minutes when sleeping at night and by several hours when
sleeping during the daytime. Prior to our evaluation, he tried

Journal of Clinical Sleep Medicine, Vol. 14, No. 4

Diagnosis and Treatment of Sighted Non-24-Hour Sleep-Wake Disorder

on two occasions to convert to a 24-hour schedule. The first
time, he took melatonin 10 to 20 mg at 9:00 pm, but his mood
and energy worsened and he did not entrain (Figure 5A). The
second time, he used bright light at 7:00 AMm daily, but his sleep
schedule continued to gradually delay.

Medical history included severe depression, for which he
took fluoxetine, and occasional symptoms of restless legs syn-
drome occurring before his sleep window. Family history was
notable for a nephew with a similar sleep schedule.

Evaluation and Treatment

Sleep diaries and actigraphy demonstrated a non—24-hour pat-
tern, with an average delay of 1.7 hours (Figure 2D).

Treatment with 0.5 mg of melatonin 2 hours before desired
bedtime, 1 mg of melatonin 1 hour before desired bedtime, and
bright light therapy (using 10,000 lux light box kept 2 feet in
front of him) for 1 hour after scheduled awakening entrained
him to a 24-hour schedule, with bedtime of 1:30 Am and wake
time 10:00 aMm, which he maintained for approximately 1 week;
however, he stopped therapy due to difficulty concentrating
and low energy (Figure 5B).

DISCUSSION

These cases demonstrate the diagnostic and treatment chal-
lenges for sighted patients with N24SWD. A summary of clini-
cally relevant points is provided in Table 1. Due to the varied
and intermittent presentation of symptoms and the comorbid-
ity with other sleep disorders, including OSA and DSWPD, the
diagnosis of N24SWD is often missed. Most of our patients
had symptoms since adolescence, similar to reported findings
on sighted N24SWD.* The most common phenotype is an in-
dividual who presents with a delayed sleep-wake schedule and
then progresses to a N24SWD pattern. As noted in previous
reports, the patients in our series had difficulty maintaining
social obligations such as work due to the unstable sleep-wake
schedule in N24SWD. This social disruption is different from
social jet lag, where there is stable entrainment but social activ-
ities result in circadian misalignment and sleep deprivation.'®
However, attempts to maintain social obligations in N24SWD
can lead to further sleep loss and potentially further disruption
of the circadian rhythm from external cues (eg, light exposure)
depending on the time of activity relative to the person’s cir-
cadian phase.

Pathophysiology

The potential causes of N24SWD include: a prolonged en-
dogenous circadian period, disruption of the light signaling
pathway to the SCN, inappropriate zeitgeber (German for time
giver) exposure, and head trauma.*"

A long circadian period is a risk factor for free-running cir-
cadian rhythms in blind people,*® and those with longer periods
have more difficulty entraining with orally administered mela-
tonin.”® One report described a patient with a non-entrained
melatonin rhythm and a long intrinsic period of 24.6 hours in
cultured fibroblasts.?' Long periods in melatonin rhythms have
been observed in sighted patients with N24SWD when placed
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Table 1—Clinical pearls for the diagnosis and treatment of N24SWD.

N24SWD occurs rarely in sighted people and can overlap with DSWPD.

Assessment should include sleep diaries and actigraphy for at least 14 days to capture the daily drifts characteristic of N24SWD.

When possible, or when the diagnosis is unclear, 24-hour sampling for melatonin (salivary or urinary) is recommended to confirm the diagnosis.

Initiate treatment when the sleep-wake time has drifted within 1 to 2 hours of the desired time.

long duration between taking melatonin and sleep onset.

Based on our reports, melatonin 0.5-4 mg approximately 2 to 4 hours before goal sleep onset and bright light exposure after wake time can successfully
maintain a stable 24-hour sleep wake cycle. Timing of melatonin earlier may be considered for those who entrain with a delayed sleep phase or have a

of melatonin and bright light therapy.

Optimizing compliance to treatment is essential and will require frequent communication between the patient and physician to adjust the timing and dose

DSWPD = delayed sleep-wake phase disorder, N24SWD = non—24-hour sleep-wake disorder.

in a forced desynchrony protocol compared to intermediate
chronotypes.”> However, the period of the sleep-wake rhythm
prior to the forced desynchrony protocol was longer than the
period of the melatonin rhythm during forced desynchrony,*
suggesting that the long melatonin period does not entirely ex-
plain the presentation of N24SWD.

Disrupted light signaling to the SCN could also contribute
to the pathophysiology. N24SWD is most commonly seen in
blind people. Although there is no apparent visual impair-
ment in our cases, pathology of the retino-hypothalamic tract,
ranging from the melanopsin-containing ganglion cells to the
SCN, could still be affected. Two reported N24SWD cases
have shown blunted response to melatonin suppression by
light,?* though a third case did not confirm this finding.*! To
our knowledge, the phase shifting responses to light in patients
with sighted N24SWD have not been assessed.

Inappropriate timing of light exposure, particularly in those
with a preexisting circadian rhythm sleep-wake disorder, may
also contribute to the development of N24SWD. Cases 2, 3,
and 4 had DSWPD prior to the development of N24SWD. This
often occurs as social responsibilities change and patients
have more scheduling freedom, as seen during the transition
from high school to college. The resulting sleep deprivation,
inappropriate light exposure during the phase delay portion of
the light PRC, and potentially decreased light exposure in the
phase advance portion of the PRC may trigger development of
N24SWD. Studies have also shown that those with N24SWD
have a shorter phase angle between sleep onset and core body
temperature nadir and between sleep onset and melatonin mid-
point, and a longer phase angle between core body temperature
nadir and sleep offset and between melatonin midpoint and
sleep offset.”* These phase angles may lead to being awake
later into the phase delay portion of the light PRC, resulting
in phase delays. Additionally, chronotherapy, the process of
deliberately delaying the sleep schedule each day in order to
reach the desired sleep window, has been associated with the
development of N24SWD.?” One of the earliest case reports
of an individual with N24SWD was a 37-year-old man with
DSWPD treated with chronotherapy. Rather than re-entrain-
ing at the desired schedule, the sleep-wake rhythm continued
to delay. By increasing his light exposure during the day and
strictly enforcing darkness at night, he was able to re-entrain
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to a 24-hour schedule.”” Case 1 in the current report experi-
enced N24SWD after attempting chronotherapy. Initially, be-
tween trials of chronotherapy, he was able to maintain a stable
sleep-wake schedule but only for a few weeks at a time, sug-
gesting that chronotherapy may have triggered development
of N24SWD in his case. However, none of our other cases at-
tempted chronotherapy, so it is not required for development
of N24SWD.

Head trauma may be an additional trigger for N24SWD.
There are several case reports of the development of either
DSWPD*# or N24SWD?" in patients following head trauma,
though the underlying mechanism is unclear. Two of our pa-
tients (cases 2 and 3) had a history of concussion. In case 3, head
trauma preceded N24SWD by 2 years. In case 2, temporal cor-
relation of head trauma with the onset of N24SWD is unclear.
It is possible that the SCN is damaged from the head trauma, as
evidenced in a case where in one individual, sighted N24SWD
developed following a car accident that resulted in an internal
carotid artery aneurysm impinging on the SCN.** Additionally,
head trauma can disrupt the pathways that regulate the secre-
tion of melatonin. Melatonin secretion is normally regulated
through a pathway extending from the hypothalamus, through
the cervical spinal cord, to the pineal gland. Low-amplitude
melatonin rhythms have been reported following brain injury
and may alter responses to zeitgebers.*'*?

Diagnosis
The diagnosis of N24SWD can be challenging. Although pre-
vious criteria for diagnosis included sleep diaries or actigraphy
for at least 7 days,* the N24SWD pattern may not be fully ap-
parent over such a limited time window. For example, case 2 in
the current report initially appeared to be entrained to a delayed
sleep phase; however, examination of additional sleep diaries
demonstrated a nonentrained pattern. Furthermore, some peo-
ple with N24SWD delay more slowly than others (Figure 2).
As such, the criteria for diagnosis of N24SWD were recently
revised to include monitoring for at least 14 days.** Actigraphy
can also monitor for naps, sleep fragmentation, and light ex-
posure, which can inform behavioral interventions to improve
entrainment.

Evaluation of circadian phase with a single day of melato-
nin sampling may have limited value because of the delay in
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circadian and sleep-wake timing. Although salivary melatonin
is easier to measure in the outpatient clinical setting than se-
rum melatonin, it can be difficult to determine the appropriate
sampling window. First, the phase angles between DLMO and
sleep onset in N24SWD may be long. In the general population
it is 2 to 3 hours, but despite collecting samples based on pre-
dicted sleep onset, the DLMO was missed in several of our pa-
tients. For example, in cases 1 and 6, the phase angle between
DLMO and sleep onset appears to be 7 to 8 hours (Figure 1);
however, because we did not assess DLMO serially in any sin-
gle case, we cannot comment if the phase angle is consistently
long.'® Individuals with N24SWD appear to have a shorter du-
ration between sleep onset and midpoint of melatonin secre-
tion compared to controls, despite no difference in duration
of melatonin secretion.?® Therefore, when salivary melatonin
sampling is performed, it should be done over a wide time win-
dow (ideally longer than 24 hours). In addition, further study is
needed to determine whether melatonin secretion occurs with
the same period as other behaviors or moves in and out of phase
with other body rhythms. Second, the missed DLMO may also
be caused by suppression of melatonin levels due to light ex-
posure. Although we instructed patients to wear the provided
dark goggles and stay in dim light throughout the collection
window, we did not directly control the light exposure dur-
ing sampling at home. This is a known practical limitation of
DLMO assessment in the field.*>* Third, DLMO assessment at
least twice may be clinically helpful to show the moving circa-
dian phase indicative of N24SWD, but this has practical limita-
tions. The patient burden can be high; because the DLMO can
be missed**¢ without 24-hour sampling, DLMO assessment
twice would require sampling for 48 hours. DLMO assessment
can also cause high financial burden because salivary mela-
tonin assays are not covered by health insurance. Therefore,
repeated DLMO assessment is not a practical clinical strategy
at this time.

Examining 6-sulfatoxymelatonin, the urine-excreted me-
tabolite of melatonin, may be a more practical method to deter-
mine circadian phase. Specifically, because DLMO is difficult
to predict accurately in this population, this technique will al-
low collection over a 24-hour interval without the disruptions
to sleep that would occur with continuous saliva collection.”’

Finally, two of our cases did not even complete their rec-
ommended diagnostic evaluation, highlighting the high bur-
den required for circadian rhythm disorder assessments. More
practical circadian biomarkers are needed if they are to be used
as diagnostic tools. Molecular techniques are being developed,
with the potential to determine endogenous period using cul-
tured fibroblasts, resulting in far less patient burden.*

Treatment

The goal of treatment of N24SWD is to entrain the individual’s
rhythm to a stable 24-hour cycle.** Current available data on
the treatment of N24SWD are based on small case reports or
series. There are several approaches to using melatonin ther-
apy in N24SWD in the blind. Melatonin given in the biological
evening at a fixed interval (10 mg 1 hour before bedtime),"” at
a fixed time nightly (5 mg at 9:00 pm),*" or with a dose (20-300
pg) and timing adjusted based on melatonin onset,* all can lead
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to entrainment of the sleep-wake cycle. However, there are no
specific treatment guidelines for sighted N24SWD.* In sighted
N24SWD, treatment approaches similar to that in N24SWD in
the blind have been tried. Melatonin in the biological evening
can reduce the delays in circadian rhythms but may not be suf-
ficient to produce stable entrainment due to the longer circa-
dian period in sighted versus blind N24SWD (24.9 versus 24.3
hours, respectively),*** differences in dose and timing of treat-
ment, or both. Low-dose melatonin (0.5 mg) given at 9:00 pm
partially entrained the sleep-wake cycle in one case,” and high
dose (5 mg) given at 8:00 pMm completely entrained another with
a sleep onset of approximately 10:00—11:00 pm.** Bright light
monotherapy successfully entrained one case with sighted
N24SWD.* In two case reports, bright light upon awakening
combined with melatonin 2 mg, 2 to 3 hours before planned
bedtime® or 3 mg, 1 hour before planned bedtime*® success-
fully entrained the sleep-wake rhythm but with a delayed sleep
phase. In another case report, morning bright light therapy at
10,000 lux for 30 minutes and evening melatonin 0.5 to 0.75
mg appeared to stabilize sleep offset but not sleep onset, and
melatonin rhythms did not entrain. However, the patient did
not tolerate melatonin after 4 days of treatment.”’ One series
of six cases reported that evening melatonin or the melatonin
receptor agonist ramelteon combined with morning bright light
therapy successfully entrained three patients.*

Our series demonstrates that a combination of bright
light and melatonin can be effective in treating N24SWD
(Figure 3). An algorithm of our diagnostic and therapeutic
strategy is shown in Figure 6. Once the diagnosis is confirmed
using sleep diaries, with or without actigraphy, a target sleep
schedule should be established. Timing the melatonin and light
therapy can be challenging. Our approach with melatonin was
similar to that used in blind N24SWD. When the predicted
bedtime aligns with the target bedtime, we initiate melatonin
0.5 to 1 mg 2 hours before predicted bedtime and bright light
therapy for 1 hour after predicted wake time. We did not time
the melatonin based on DLMO because it was not obtained in
each person, and there are no available PRC data in N24SWD.
We communicated frequently with the patients and adjusted
the timing based on the clinical response. We gave instruc-
tions to the patients on how to use light therapy (ie, 10,000
lux light box kept approximately 2 feet away from the face, in
the visual field, for the prescribed amount of time). We did not
enter the home to confirm actual placement or directly monitor
use. Therefore, we did not control the light therapy, including
the type and exact positioning of the light box used and the
timing and duration of light therapy. However, these factors
can be very important for entrainment. We reviewed instruc-
tions for light therapy with patients but more frequent follow-
up with the patient, standardization of the light box type and
use, including setup in the home, may improve success with
entrainment. In addition, morning outdoor bright light should
be recommended to patients because of the greater light inten-
sity from sunlight.

Monitoring the individual’s sleep and wake timing using
actigraphy or diaries throughout treatment is important. Day-
to-day adjustments are often needed based on the responses
of the day before. Successful adherence requires both a highly
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motivated patient and frequent communication between the
patient and treating physician. Of the subjects who entrained
to a 24-hour schedule, most remained slightly delayed with re-
spect to the environment, a finding noted in previous reports of
successful entrainment in N24SWD.?%46 The delayed timing
of entrainment may be due to the timing of melatonin close
to bedtime. The time of entrainment depends on achieving an
adequate phase advance, which depends on timing of melato-
nin dosing relative to the person’s PRC.* This is particularly
important if the patient has difficulty entraining at the desired
time using melatonin and light therapy, which may reduce ad-
herence to treatment. In our cases, the patients desired some-
what late bed and wake times, and they entrained close to their
desired time.

The final doses of melatonin in the patients were 0.5 to 4
mg, approximately 1.5 to 4 hours before the desired bedtime.
Higher doses (10 to 20 mg) of melatonin are not necessarily
more effective,*® as illustrated in case 7. Split dosing of mela-
tonin was effective in case 1, which is likely related to its dual
circadian (first dose) and soporific (second dose) effects.®* Al-
though we were able to achieve full or partial entrainment in
most of our patients, long-term adherence to treatment is quite
challenging. Case 3 found it too difficult to wake up to use
light therapy and did not want to maintain a regular bedtime
because of school and social activities, case 4 lost motivation
to continue treatment, and case 7 discontinued treatment after
1 week because of worsening concentration and energy. In two
prior case reports, only one patient was able to maintain long-
term entrainment.**¢

The limited adherence with our approach may also be due
to the timing of melatonin. Based on the PRC in healthy adults,
timing melatonin approximately 7 hours before sleep onset
would result in the maximum phase advance," and timing it 2
to 3 hours before bedtime, or close to DLMO, results in little to
no effect. It is possible that the limited adherence in our cases
could have been improved with giving melatonin much earlier,
based on the available PRC data in adults without a circadian
rhythm sleep-wake disorder. In cases 1, 5, and 6, the patients
could sleep within 1.5 to 3.5 hours of taking melatonin. Cases 3
and 4, who ultimately did not continue treatment, were unable
to sleep until 3 to 4 hours after taking melatonin; they were
entrained but to a delayed sleep phase that may have made it
more difficult to wake up at the desired time, so perhaps an
earlier timing of melatonin (eg, 7 hours before goal sleep time)
could have had greater phase shifting effects and may have im-
proved adherence. Because this approach would result in tak-
ing melatonin in the afternoon, the dose of melatonin should be
kept low (eg, 0.5 to 1 mg) due to possible soporific effects with
higher doses.”® Further studies are needed to systematically
compare timing of melatonin to determine optimal approach
in the treatment of N24SWD.

To properly treat these patients, knowledge of the individ-
ual’s biological time is important. Using salivary DLMO as a
phase marker to guide treatment has limited utility because
salivary melatonin samples often take several days to process,
and the patient’s internal phase relationship with the 24-hour
environment is unstable, often shifting before the salivary mel-
atonin results are obtained. This problem underscores the need
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Figure 6—An algorithm for the evaluation and
management of N24SWD.

Report of difficulty falling or waking up atthe desired time, resulting in impairment
of daytime function

v

Differential diagnosis: Delayed sleep-wake phase disorder, advanced sleep-wake
phase disorder, chronic insomnia

A

Sleep diaries with or without actigraphy showing daily drifts in the sleep/wake
schedule, establishing diagnosis of N24

v

Determine target sleep and wake time and use sleep diaries and/or actigraphy to
predict timing of sleep/wake schedule

A4

When predicted timing of sleep aligns with the target bedtime, initiate melatonin
0.5 mg ~2 hours before predicted bedtime and bright light therapy for 1 hour after
predicted wake time

After 24-48
hours, is wake

Continue

time and subsequent dose and
bedtime attarget timing
time?
No
Early relative to Laterelative to
goal goal

Options: Options:
1. Delay timing of melatonin by 30 1. Advance timing of melatonin by 30

minutes minutes
2. Reduce duration of light 2. Increase melatonin to 1 mg

exposure after waking by 15 3. Add additional melatonin dose before

minutes bedtime for soporific effect

4. Increase duration of light exposure after
waking
|

N24SWD = non—24-hour sleep-wake disorder.

to develop accurate circadian markers that can be obtained in
real time, with minimal burden to the patient. Until such mark-
ers are available, it is important to assess sleep and wake tim-
ing with actigraphy and/or diaries to appropriately estimate the
timing of treatment.

Deeper understanding of the pathophysiology of N24SWD
will be necessary to appropriately tailor treatment. For exam-
ple, if daily delays are due to a long endogenous period or there
is disrupted light signaling or a blunted circadian photic re-
sponse, light exposure after awakening in the biological morn-
ing may be less effective. In such cases, a focus on reducing
evening light exposure and/or evening melatonin administra-
tion may be more effective.

Underlying psychiatric disorders should be addressed in
people with N24SWD, as they are prevalent** and affect qual-
ity of life and may affect adherence to treatment. Four of our
cases had depression, anxiety, or both. Of these, case 2 did not
attempt treatment and cases 4 and 7 discontinued treatment,
perhaps due to underlying depression, though all were being

April 15, 2018




RG Malkani, SM Abbott, KJ Reid and PC Zee

treated for depression. Treatment of N24SWD may also im-
prove mood; one (case 6) noted improvement in anxiety with
successful entrainment. Additionally, one case of N24SWD
showed entrainment and improvement with mood with a low
dose valproic acid.” It is unclear if the effect of valproic acid
was due to improvements in mood or if there was a direct cir-
cadian effect; that case did not respond to other antidepres-
sants, mood stabilizers, or ramelteon, or bright light therapy.

Finally, it is important to educate patients about behavioral
strategies that maintain stable entrainment because decreased
or inappropriate zeitgeber exposure can be a trigger. Strategies
include maintaining a regular sleep-wake schedule, avoidance
of bright light in the evening, increased exposure to natural
light in the morning, and regular exercise. Perhaps the great-
est challenge is adherence to these strategies, highlighting the
need to develop behavioral treatment programs aimed at en-
hancing long-term adherence.

Summary

This series highlights the significant challenges faced when
diagnosing and treating sighted N24SWD disorder. Because
DSWPD can overlap with N24SWD in sighted individuals,
monitoring of the sleep-wake rhythm using sleep diaries and
actigraphy for a minimum of 14 days is necessary to detect
the pattern of N24SWD. Timed melatonin at least 2 hours (and
perhaps several hours) before bedtime and bright light expo-
sure after waking can be effective to entrain the sleep-wake
schedule but can be burdensome for the patient. Furthermore,
timing appropriate treatment is challenging in these patients
who do not have a stable circadian phase. These treatments
also require strict social schedules and avoidance of behav-
iors that can trigger N24SWD, but this may reduce long-term
adherence to treatment. Even if entrainment to a 24-hour
schedule is achieved, these patients may not feel better. Future
research should focus on improved diagnostic testing, includ-
ing clinically relevant and practical circadian biomarkers and
treatment approaches that not only target entrainment of the
central clock, but also innovative methods to enhance align-
ment of peripheral clocks.

ABBREVIATIONS

DLMO, dim light melatonin onset

DSWPD, delayed sleep wake disorder
N24SWD, non—24-hour sleep-wake disorder
OSA, obstructive sleep apnea

PRC, phase response curve

SCN, suprachiasmatic nucleus
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