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Objective Diagnosis of Circadian Rhythm Disorders
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Summary: Circadian sleep—wake disorders are common. Because
they represent conflict between the timing of the patient’s
endogenous rhythms and desired timing of sleep, the presenting
complaints may include both difficulty of sleep initiation or main-
tenance and undesired or unplanned daytime or early evening
sleepiness. Therefore, circadian disorders may be misdiagnosed as
either a primary insomnia or a hypersomnia disorder, depending on
which complaint is more troublesome for the patient. Objective
information about sleep and wake patterns over long periods is
crucial for accurate diagnosis. Actigraphy provides long-term
information about the rest/activity pattern about an individual.

Circadian rhythms are among the two key processes that
regulate the timing and continuity of sleep and wakefulness.
gDirected by the suprachiasmatic nucleus, the circadian system
ginfluences a wide variety of functions, including metabolism,
Zhormone release, sleep—wake propensity, and activity.
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CIRCADIAN RHYTHM DISORDERS

Circadian rhythm sleep—wake disorders (CRSWDs) are
characterized by a misalignment between the desired timing
of sleep and the ability to fall asleep and remain asleep.
Although circadian rhythm disorders usually manifest as
extremely early or late sleep times, they may also frequently
present as insomnia and/or excessive daytime sleepiness. When
a patient is attempting to sleep at a conventional clock time
instead of aligning sleep according to his or her underlying
circadian rhythm of sleep—wake propensity, they would expe-
rience difficulty initiating or maintaining sleep. Conversely,
when that patient tries to stay awake and remain alert during the
endogenous sleep phase of their circadian cycle, he or she will
experience excessive daytime sleepiness, as commonly seen
with night-shift workers or patients with delayed sleep—wake
phase disorder. Regardless of type, circadian rhythm sleep
disorders can cause a major impairment of work, school, and
social activities, lead to disruptions of social and family life,
and increase the risk of developing many other medical com-
plaints and disorders.

Although prevalence in the population remains unknown,'
some estimates hold that up to 3% of the adult population suffers
from a CRSWD,? with a higher prevalence (7%—-16%) in adoles-
cents and young adults.!
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However, caution should be applied in interpretation of the results
because the information provided only includes information of
movements, and activity is only an indirect circadian phase marker.
Timing of light and melatonin therapy is critical for successful
treatment of circadian rhythm disorders. Therefore, results of
actigraphy are useful and should be used in conjunction with
additional measurements, including 24 hours sleep—wake history,
sleep log, and melatonin measurements.
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Despite their high prevalence, CRSWDs are commonly
misdiagnosed as a primary insomnia disorder or, in some situations,
a hypersomnia disorder because of insufficient history taking. In
these cases, hypnotic treatments for insomnia or wake promoting
treatments for hypersomnia symptoms are often unsuccessful and
expensive and sometimes harmful or lead to delay in accurate
diagnosis and effective treatment when there is an underlying
CRSWDed. The diagnosis of CRSWD is based on a careful sleep
history. Although these disorders are presumed to their name
implies that they result from an abnormality of the circadian timing
system, current diagnostic criteria do not require assessment of
circadian rhythms in the diagnosis of a CRSWD. However,
measurable and/or objective evidence is needed to better assess
the sleep—wake pattern to support an accurate diagnosis and tailoring
of the timing of administration of appropriate light therapy and
melatonin or other medication or behavioral treatment options.

Currently, multiple instruments including sleep logs and
sleep diaries are used in the diagnostic process and standardized
questionnaires about chronotype (Morningness-Eveningness
Questionnaires, Munich Chronotype Questionnaire).>* Plasma
melatonin and salivary dim light melatonin onset (DLMO)
measurements and core body temperature are used in research
applications and aid diagnostic precision of CRSWDs>° but have
remained of limited utility in usual clinical practice settings
because of their labor intensiveness, expense, and special
resources and settings that are required for accurate measure-
ment, so these are typically not used for routine clinic use,
although home sampling of DLMO may be considered (see further
discussion in the Circadian Rhythm Disorder Assessment—
DLMO section). Urinary 6-sulfatoxymelatonin may be useful in
very specific clinical situations such as non—24-hour sleep—wake
disorder.” Polysomnography, although a gold standard for
assessment of sleep duration and quality, does not provide infor-
mation about circadian phase and is not routinely used with
CRSWD patients unless a comorbid sleep disorder is suspected.
Actigraphy is an objective measure that is useful in clinical
practice for assessment of multiday sleep—wake patterns to aid
diagnosis of CRSWDs.
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ACTIGRAPHY

Actigraphy is helpful for the diagnosis and management of
insomnia, circadian rhythm disorders, and excessive daytime sleepi-
_ness because it provides objective data regarding longitudinal sleep—

Owake patterns in the patient’s usual home and work environment.
& Actigraphy, in addition to a sleep log, is particularly helpful for the
evaluation and treatment of CRSWDs.!® An actigraph is a small, light-
Sweight wrist (or ankle)-worn computerized accelerometer with the
ability to measure rest—activity patterns continuously over long periods
(several days or as long as weeks to months).!%!! After at least 7 days
of data collection (to include both weekdays and a weekend), data are
&downloaded to a computer where off-line analysis is performed.

Minimal actigraph technical requirements include: a triaxial
ccelerometer, the ability to record data in 30 seconds or 1-minute
pochs, battery power to record data, the ability to store at least 7
ays of data, and support for both device and software. Additional
- recommended features include a waterproof case, an ambient light
ensor, an event marker, a nonvolatile memory, a battery that can
tore data for a minimum of 2 weeks, and a small, comfortable
rofile.® Although actigraphs provide objective data about rest—
ctivity patterns, supplemental information from a sleep log or diary
recording the patient’s habitual, bed and wake times and any
awakenings and their durations, a light sensor, as well as a sensor to
light spectrum, and an event marker can improve the usefulness and
accuracy of the activity data. Data collected over longer periods can
be useful in the diagnosis of non—24-hour or irregular sleep—wake
thythm disorder.!! Most activity monitors come with automated
software packages that score the data as sleep or wake, and the
estimates of sleep and wake are typically improved by manual
overscoring, referencing the additional data provided by sleep logs
and light detection patterns to correctly interpret the actigraphy data.
Scormg algorithms differ between manufacturers and can produce
" different sleep-wake scoring on the same data file. Some are opti-
mized for specific patient populations (adult vs. pediatric).

The evaluation of the sensitivity, specificity, and agreement of
actigraphy compared with polysomnography is related to the
device itself, the software (algorithm) used to analyze the data, and
often settings within the software that can be adjusted by the user.
Actigraphy tends to overestimate sleep and underestimate wake
time and the accuracy declines as sleep quality declines.!!-14

Various actigraphy devices and software algorithms have been
compared in validation studies to polysomnography with high levels
of sensitivity and specificity for rest/activity patterns reported in
various patient populations, in terms of rest/activity patterns.!!’>1>-17
However, it is important to remember that the diagnosis of
CRSWDs circadian rhythm disorders does not routinely include
polysomnography, which classically in the United States captures a
single night of sleep, and thus does not provide information about
long-term sleep—wake patterns that are necessary to observe for
accurate diagnosis of CRSWDs.?8
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CIRCADIAN RHYTHM
DISORDER ASSESSMENT—DLMO

To accurately determine the timing of the circadian system
in a patient with a suspected CRSWD, an at-home or clinic
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assessment of their dim light salivary melatonin onset may be
useful.'®2! Melatonin is a hormone produced by the pineal
gland, and production of melatonin is suppressed by light.
Melatonin levels are typically undetectable during the daytime
hours and begin to rise in the evening, 1 to 2 hours before the
individual’s usual bedtime. The levels reach a peak in the middle
of the usual sleep episode and then decline throughout the latter
part of the night, reaching undetectable levels again the next day.
Because of suppression by light, melatonin levels must be
measured in dim light conditions (ideally less than 20 lux).
DMLO measurements are traditionally performed in a laboratory
over several days but can also be performed by the patient in their
home.2! For CRSWD patients, a sleep log should be used to
determine usual bedtime. The DLMO assessment process should
begin 5 to 7 hours before usual bedtime (average time from the
past week), with the patient maintained in a dim light environ-
ment throughout the study, including for 1 h before the first
sample is taken and ensuing hourly saliva samples that are
collected every hour from the start until at least 1 hour after usual
bedtime. Each sample is frozen after collection, and the next day,
the samples are transferred to an assay facility where a
commercial ELISA or RIA kit is used to determine the melatonin
level in each sample. Linear interpolation between the resulting
assay values is used to determine the time at which melatonin
values rise above a set threshold (typically 3 pg/mL; 22), the dim
light salivary melatonin onset. The timing of the dim light
salivary melatonin onset in the patient can then be compared with
their usual sleep onset time, and with normative data, to guide
diagnosis and treatment.

TIMING AND EFFECT OF LIGHT

The period (cycle length) of the circadian system is close to
(although not exactly) 24 hours. In healthy sighted humans, the
endogenous period/cycle length averages 24.2 hours, ranging
from about 23.5 to 24.5 hours.?>2% The endogenous circadian
clock must be regularly reset to remain synchronized to the 24-
hour clock time in the environment, a process called entrainment.
Light is the most powerful environmental influence on the human
circadian timing system, and it is through regular light—dark
exposure that the circadian timing system of humans is syn-
chronized on a daily basis and is reset when traveling across time
zones. Many features of the light to which we are exposed
determine the entrainment or resetting process, including the
spectral composition, intensity, duration, timing, and overall
pattern (including timing and duration of darkness).?> One fea-
ture of the circadian response to light is that it is phase depen-
dent. It means that the same light stimulus when applied at
different phases (times of day) can produce different responses.
Light in the late afternoon or early evening (i.e., 4-7 pMm) pro-
duces phase delay shifts (shifts to a later hour), whereas light
exposure in the late biologic night or early morning biologic day
produces phase advance shifts (shifts earlier), as determined by
relationship of light exposure to the body core temperature nadir
point in the early morning hours. Light exposure in the middle of
the biologic day typically produces only minimal changes in
phase. These responses can be summarized in a phase response
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curve.?%27 From our understanding that most humans have a
‘circadian period longer than 24 hours, most people need their
verall daily light exposure to produce a slight phase advance (on
verage 0.2 hours, or 12 minutes) to remain entrained. To ach-
ieve entrainment, most people need to get more morning light
xposure than evening light exposure. Being able to correctly
dentify the timing of the circadian phase is critical for effective
ight therapy for CRSWDs. Mistiming the light by even a few
ours can result in either no effect on phase or a phase shift in the
wrong direction, which can exacerbate misentrainment and
resultant symptoms of insomnia or hypersomnia.
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CASES

Case 1

A 27-year-old nonsighted man presented to clinic with a
complaint of inability to control a shifting sleep schedule. The
patient lost his sight 7 years earlier because of retinitis
pigmentosa but was otherwise in good health. After vision loss,
his bedtime continually shifted 15 to 30 minutes later each night
with a corresponding drift in his awakening time. After 3 to 4
weeks, he would reset to an earlier bedtime and the shifting
would begin again. Four months of actigraphy data are shown
below in the form of a double raster plot, which compresses the
activity data over long periods. Activity, shown by the dark bars,
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and sleep time, shown by the white space, shift gradually later
until they reset after approximately 2 weeks (Fig. 1). This pattern
is consistent with non—24-hour sleep—wake phase disorder.

Actigraphy is more accurate than sleep logs, particularly
for long periods. Although melatonin is more sensitive than
actigraphy, in this case, multiple samples would be required
because of the shifting circadian phase. History and actig-
raphy confirmed diagnosis of non-24-hour sleep—wake
disorder.

Case 2

A 44-year-old woman reported lifelong difficulty awakening
and performing any cognitive tasks in the morning and preferred
performing work-related tasks at night, and it was most common
for her to go to her office late in the evening and work overnight
until 5 to 6 am.

The top graph shows the daily activity pattern over 7 days
(Fig. 2). A cumulative graph of the activity pattern for this patient
is shown below (Fig. 3). As this patient’s activity pattern was
fairly consistent over the course of the recording, this combined
graph allows easier visualization of the activity pattern,
with minimal activity between 7 aM and 2:30 pm Because
DLMO usually precedes typical bedtime by 1 to 2 hours, based
on this activity pattern, one might expect that the patient’s
DLMO is close to 4 to 5 am. However, the following melatonin
profile was obtained:
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FIG. 3. Daily activity patterns of case 2 (cumulative graph).

As seen, dim light salivary melatonin onset was earlier at
12:30 am (Fig. 4). For treatment, melatonin 0.5 mg was used to
dvance this patient’s sleep phase, taken at 11:30 pm, and
aintaining light levels low after that. Based on the patient’s
eep log and actigraphy data, light therapy given at 8 awm, the
atient’s desired rise time might fall on the part of the phase
response curve that would produce phase delay. However, the
melatonin measurements provide more precise information, and
thus, light therapy at rise time may be beneficial to help advance
this patient’s sleep phase.
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Case 3

An 82-year-old man was reported by his family to have a 5-
year history of short-term memory loss, paralleled by erratic sleep
habits. Before his memory loss began, he had a regular sleep
schedule with a usual 10 pMm bedtime and 6 AM awakening time.
However, for the last 2 to 3 years, he would become agitated in the
evenings, and he would often be unable to initiate sleep until 1 am
and would awaken by 4 or 5 Awm, frequently noted to doze off and
on through the daytime hours, and he would also take two or three
naps, each lasting 1 to 2 hours in duration throughout the afternoon
and early evening. His actigraphy is shown below.

Actigraphy shows a highly chaotic sleep—wake schedule,
without an average consistent bed or rise time, several short bouts
of inactivity and probable sleep, with intervening brief periods of
movement and wakefulness (Fig. 5).
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FIG. 4. DLSMO of case 2. DLSMO, dim light salivary melatonin
onset.

clinicalneurophys.com

Journal of Clinical Neurophysiology Volume 40, Number 3, March 2023

12.00 PM 3.00 PM 9:00 PM

These actigraphy findings support the clinical history and
diagnosis of an irregular sleep—wake rhythm disorder. This dis-
order is most common in elderly individuals with a neurodegen-
erative disorder and likely arise from degeneration of the
suprachiasmatic nucleus, the brain’s master clock that coordinates
circadian rhythmicity and a consolidated sleep-wake schedule.
Less frequently, this disorder may also be seen in children or
adolescents with an underlying neurodevelopmental disorder.

SUMMARY AND CONCLUSIONS

Actigraphy provides an objective, relatively inexpensive,
and helpful information about long-term patterns of activity and
rest, which can be helpful in evaluating patients with circadian
rhythm sleep—wake disorders. Actigraphy provides data on
sleep—wake patterns and is not a specific circadian phase marker,
so any information provided by actigraphy should be reviewed in
the context of each individual patient’s clinical scenario, sleep
log, and if possible, results of DLMO profile for optimal guid-
ance of therapy.

Appendix

Section 1: Diagnostic Criteria for Delayed Sleep—Wake
Phase Disorder

A. There is a significant delay in the phase of the major sleep
episode in relation to the desired or required sleep time and
wake-up time, as evidenced by a chronic or recurrent complaint
by the patient or a caregiver of the inability to fall asleep and
difficulty awakening at a desired or required clock time.

The symptoms are present for at least 3 months.

When patients are allowed to choose their ad libitum
schedule, they will exhibit improved sleep quality and
duration for age and maintain a delayed phase of the 24-
hour sleep—wake pattern.

Sleep log and, whenever possible, actigraphy monitoring for
at least 7 days (preferably 14 days) demonstrate a delay in the
timing of the habitual sleep period. Both work/school days
and free days must be included within this monitoring.

The sleep disturbance is not better explained by another
current sleep disorder, medical or neurologic disorder, mental
disorder, medication use, or substance use disorder.

Modified from the American Academy of Sleep Medicine. ©
2014 American Academy of Sleep Medicine.
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Section 2: Diagnostic Criteria for Advanced Sleep-Wake
Phase Disorder

A.

aw

o

There is an advance (early timing) in the phase of the major
sleep episode in relation to the desired or required sleep time
and wake-up time, as evidenced by a chronic or recurrent
complaint of difficulty staying awake until the required or
desired conventional bedtime, together with an inability to
remain asleep until the required or desired time for
awakening.

Symptoms are present for at least 3 months.

When patients are allowed to sleep in accordance with their
internal biologic clock, sleep quality and duration are
improved with a consistent but advanced timing of the major
sleep episode.

Sleep log and, whenever possible, actigraphy monitoring for
at least 7 days (preferably 14 days) demonstrate a stable
advance in the timing of the habitual sleep period. Both work/
school days and free days must be included within this
monitoring.

The sleep disturbance is not better explained by another
current sleep disorder, medical or neurologic disorder, mental
disorder, medication use, or substance use disorder.

Modified from the American Academy of Sleep Medicine. ©

2014 American Academy of Sleep Medicine.

Section 3: Diagnostic Criteria for Irregular Sleep—Wake
Rhythm Disorder

A.

234

The patient or caregiver reports a chronic or recurrent
pattern of irregular sleep and wake episodes throughout
the 24-hour period, characterized by symptoms of
insomnia during the scheduled sleep period (usually at
night), excessive sleepiness (napping) during the day, or
both.

Symptoms are present for at least 3 months.

Sleep log and, whenever possible, actigraphy monitoring for
at least 7 days (preferably 14 days) demonstrate no major
sleep period and multiple irregular sleep bouts with at least
three brief sleep periods during a 24-hour period.
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FIG. 5. Actigraphy of case 3.

D. The sleep disturbance is not better explained by another
current sleep disorder, medical or neurologic disorder, mental
disorder, medication use, or substance use disorder.

Modified from the American Academy of Sleep Medicine. ©
2014 American Academy of Sleep Medicine.

Section 4: Diagnostic Criteria for Non—24-Hour Sleep-
Wake Rhythm Disorder

A. There is a history of insomnia, excessive daytime sleepiness,
or both, which alternate with asymptomatic episodes, because
of misalignment between the 24-hour light—dark cycle and
the nonentrained endogenous circadian rhythm of sleep—
wake propensity.

B. Symptoms persist over the course of at least three months.

C. Daily sleep logs and actigraphy for at least 14 days,
preferably longer for blind persons, demonstrate a pattern
of sleep and wake times that typically delay each day, with a
circadian period that is usually longer than 24 hours.

D. The sleep disturbance is not better explained by another
current sleep disorder, medical or neurologic disorder, mental
disorder, medication use, or substance use disorder.

Modified from the American Academy of Sleep Medicine. ©
2014 American Academy of Sleep Medicine.
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