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Light plays an important role not only for vision but also in the regulation of our sleep-
wake cycle. A small portion of the light-sensitive cells in the eye signal to our master
clock in the brain, which ensures that our circadian rhythm stays synchronized to the 24-
hour solar rhythm. Light is considered the most important ‘zeitgeber’ - an external cue
that tells the body when it is day and when it is night. Through this system, light can be
used to help us sleep better at the right time, or it can impair our sleep if provided at the
wrong time. BioCentric Lighting™ (BCL™) has been developed to give us the right light
at the right time.

Our sleep quantity and quality vary naturally
over a lifetime and are affected by many
factors in life, such as seasonal changes in
light exposure. A short daily exposure to
natural light has been linked to insufficient
sleep amongst people in both the arctic part
of northern Sweden and in the equatorial
region of Brazil. It is important to reach suffi-
cient light levels on a daily basis as the amo-
unt of light entering the eye during one day
positively affects our subjective sleep quality
on the following night®. A growing body of
research is making it increasingly clear that
light impacts our sleep, and sleep in turn is a
cornerstone for our health and well-being.

A growing number of scientific studies have
investigated the importance of daylight for
our sleep quality and rhythm. A common set-
up of these studies is to compare one group of
people who receive plenty of daylight during
the day to one group receiving little or no
daylight.

People experiencing a lack of daylight more
commonly express sleep complaints such as

”Light impacts our sleep,

difficulty falling asleep, nightly awakenings and Sleep inturnisa
and insomnia®, whereas those who receive cornerstone for our
more daylight have longer sleep durations, health and weII—being.”
better sleep quality®, and a more regular sleep

rhythm®,
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In summary, the research shows how important daylight is for a good night’s sleep. In modern
society, most of us spend about 90% of our time indoors’ and as a result we are deprived of
natural daylight. Windows and indoor electric lighting are often used to reach sufficient light levels
for visual purposes, but the biological effect of light is often overlooked. To understand how light
influences our biology we must first introduce a type of light-sensitive cells in the eye called ipRGCs
(intrinsically photosensitive retinal ganglion cells). When light hits the retina in our eyes, the ipRGCs
signal to the master clock (a brain region called the suprachiasmatic nucleus) that it is daytime,
and the master clock responds by suppressing the production of the sleep hormone melatonin.
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Figure: The spectral composition of different light sources

When the sun sets and we turn down our indoor lighting, the master clock instead signals to the
pineal gland in the brain to start producing melatonin to help us fall asleep. The ipRGCs are espe-
cially sensitive to light of blue wavelengths (around 480 nm). Therefore, light sources that contain
plenty of blue wavelengths are sometimes called circadian-effective light because they help us
maintain a regular daily (circadian) rhythm.

White light sources - such as sunlight, fluorescent lights, and LEDs - may all appear similar but can
have completely different spectral distributions (see figure). Sunlight is composed of all colors of the
rainbow, whereas fluorescent lights are often lacking enough amounts of blue light.

BioCentric Lighting™ is a dynamic LED lighting system adapted to simulate sunlight to give us the
right amount of light at the right time of day. BCL™ is enriched in the blue wavelengths to create a
strong effect on our internal master clock early during the day.
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Previous studies have shown that blue-enriched
light can improve sleep quality compared to
standard white light®. A higher light intensity can
also be used to improve sleep efficiency, short-

en sleep latency, and prolong sleep duration®™.

Moreover, dynamic lighting with higher intensity
and color temperature (a higher color tempera-
ture generally means more blue light) during the
day can help us fall asleep faster®.

“Providing a boost of bright
light early in the day can
help patients suffering
from a range of diseases
to improve their sleep”

Scientists have developed various metrics to de-
scribe the degree to which a light source stimu-
lates our circadian rhythm to help us evaluate
light sources. One of these metrics is circadian
stimulus (CS), which describes to what degree
the light source would suppress melatonin lev-
els if given for one hour at night. A high CS val-
ue is recommended early in the morning and
throughout the day, and lower CS values are
recommended in the evening, providing the best
conditions to improve sleep quality™.

Various light regulation methods can be used by
themselves orin combination with a sleep sched-
ule to help individuals with sleep disturbanc-
es or irregular rhythms. One such type of light
regulation involves using light-emitting goggles
that provide additional light in the morning and
amber-lens glasses to filter out blue light before
bedtime. This type of light regulation can help
individuals fall asleep more easily, and when
combined with a fixed sleep-wake schedule it
may also improve perceived sleep quality'®.

Providing a boost of bright light early in the day
can help patients suffering from a range of dis-
eases, including burnout patients and patients
with cancer-related fatigue, to improve their
sleep™™. As our eyes change with age, diseases
of the eye itself becomme more common. A cat-
aract is a clouding of the eye’s lens, leading to
lower light levels hitting the retina at the back
of the eye. Surgery to replace the natural lens
of the eye with an artificial intraocular lens has
been shown to improve sleep quality in cataract
patients?.

BIOCENTRIC LIGHTING AND SLEEP



WHITE PAPER by BRAINLIT

Light affects our
sleep-wake schedule

In the evening, our bodies prepare us for bedtime
by increasing the production of the hormone
melatonin. The levels of melatonin start rising 2-3
hours before habitual bedtime, and since this rise
in melatonin generally appears in dim light, the
time when this occurs is called dim light melatonin
onset (DLMQO). The timing of DLMO is often used
in research as a measure of our circadian phase to
see if an individual has a regular rhythm or not, or
to see if the rhythm is shifting in any direction as a
result of treatment.

A study on undergraduate students showed that
those with highly regular sleep schedules generally
had higher light levels during the day and earlier
DLMO thanthose withirregular sleep. Regular sleep
was also linked to better academic performance?.

Lower light exposure in the early morning and
afternoon has been associated with delayed sleep
amongst adolescents®. In fact, increasing the light
exposure by providing bright white light for 30-45
minutes per day in combination with scheduled
rise times can help advance the sleep schedules
of individuals with delayed sleep phase disorder?.
Morning bright light can also be used in combi-
nation with afternoon melatonin administration to
promote phase advance of the circadian rhythm?*.

Many of us spend our evenings in front of screens
or with moderate levels of electrical lighting in
our homes. Blue-enriched morning light can help
stabilize the circadian phase by counteracting the
effect of light exposure in the evening®. As with the
effect of light on sleep quality, different properties
of light determine its potential to advance or
delay our rhythm. Higher intensities of light given
in the morning has shown to be more effective in
creating a phase advance®. As described above,
the color of the light source is also relevant to
consider. Flashing blue, but not red, light through

closed eyelids of older adults with early awakening
insomnia during the early part of sleep period
significantly delayed DLMO without affecting
sleep efficiency?.

Removing short-wavelength light in the morning
delayed the DLMO of 8th-grade students by 30
minutes after a five-day intervention®. In summ-
ary, DLMO can be delayed either by supplying blue
light in the evening/early night or by removing
short-wavelength light (blue light) in the morning.
Conversely, DLMO can be advanced by providing
bright light in the morning. Light is therefore
a powerful tool to help us adjust our circadian
rhythm when it is misaligned because of jet lag,
insomnia, or other reasons.
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Summary

- Light is the most important environmental cue that helps us realign our
circadian rhythm to the solar day

- Getting plenty of daylight during the day will help us improve our sleep
quality and fall asleep faster

- Light in the early morning will advance our rhythm and help us fall
asleep earlier

- Higher intensity blue-enriched light in the evening will delay our rhythm
so that we fall asleep later.

Most of us do not get the right amount of light at the right time to sleep well.
Emerging research provide a better understanding of the beneficial effects of
light on sleep and are continuously integrated in our BioCentric Lighting™ (BCL™)
solutions. BCL™ is easily customized to provide the user with the light that they
need. Our vision is to create individualized solutions that meet the specific needs
of each user to improve sleep, health, and well-being.
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