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Promoting Elder Wellness with
Artificial Light

umans evolved on Earth over thousands of years before the
invention of artificial light, under natural light conditions of
sunlight, moonlight, and a relatively little bit of fire light. These

natural light conditions are reflected in the physical structure of the eye,

with cones being tuned to daylight and rods
to night time light conditions. Humans are
diurnal (daytime) beings, while some other
animals are nocturnal, so our normal pattern

of wakefulness and activity is during the

daytimc )

There is another form of light sensor in the eye discovered more recently
that does not contribute direc‘dy to sight yet plays arole in secretion of

melatonin: the intrinsically photosensitive retinal ganglion cells (pRGC).

During the past ten years brain scientists have discovered that in addition to
patterns of light being transmitted via the optic nerve to the visual center in
the brain, there is also a branch that transmits data regarding light conditions

to a command center in the brain called the suprachiasmatic nucleus (SCN).

Light and the Endocrine System

The SCN processes the light data and sends command signals to several
glands in the endocrine system to either secrete or suppress secretion
of certain hormones critical to normal body function. The pineal gland,

in the hypothalamus in the

Output Riythms:
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brain, suppresses secretion of
melatonin in the presence of
bright white light, specifically
when the SCN has identified
a narrow 10 nanometer band

of light spectrum (out of 330

Suprachlasmatic
Nuclaus [SCN)

nanometers of human visible

Conceptual Diagram of Suprachiasmatic Nucleus

light spectrum) from 450 to

460 nanometers.
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When melatonin secretion is suppressed

we become more alert. Melatonin secretion 10 - -
s —CiA)
normally occurs when exposure to the bright i i
-] L] rainan
white light diminishes, e.g. at sundown, but only o . X

does so if the trigger has been set by bright white

cii)

light exposure earlier in the day. Melatonin also

serves as a powerful antioxidant which floods the

body with natural anti-cancer agents while we 5
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sleep. !

Action Spectrum for Melatonin Regulation in Humans: Brainard, G.Cc.’

The adrenal gland is also largely controlled by the
SCN based on light conditions in an opposite way from melatonin. Cortisol secretion is stimulated in
the presence of bright white light and suppressed normally at night. Cortisol serves as a wake up call
to the body, raising our core body temperature, heart rate, and blood pressure from a sleep state, and
is also a factor in normal digestion. If the SCN does not signal the adrenal gland to secrete cortisol,
we may be tired and listless. Changes in our digestive system could cause abnormal processing of

foods especially carbohydrates and can be a factor in hypoglycemia associated with diabetes.’

Light and the Elderly

People that lack exposure to natural sunlight are the most prone
to have issues with mental and physical well-being resulting from
abnormal hormonal secretion. Many elderly people lack adequate
sunlight exposure. Furthermore the lens of the eye thickens and

yellows with age, resulting in a 75% reduction in light passing through

the lens by age 75. The yellowing of the lens reduces the blue end of

the light spectrum where the circadian rhythm spectrum is found.
The result can be sleep deprivation and the many issues that accompany it, including depression and

circulatory issues, among others.

Unfortunately, traditional lighting
does not provide the specific spectrum

of light required between 450 and 460 E =
nanometers for normal secretion and P
suppression of melatonin. Even with % %00
specialized “natural” light fluorescent tubes, é 200
the required light spectrum actually is at a low -

point in prov1d1ng the critical spectrum while ;
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there are peaks on either side of the narrow
Wavelength (nm)

band. The problem of proper light exposure

cannot be solved by simply increasing the Spectral Power Density of GE “Natural Light” Fluorescent Tube

level of fluorescent light.
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Fortunately, LED lighting is far more controllable
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dimming and low glare if well designed. Light
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being emitted from a source can be measured

in spectral power density (SPD) at specific light
spectrums measured in nanometers. It is possible
to utilize LEDs in a fixture that has a perfect score

of 100% SPD at the desired 1ight spectrum. This

is important, as the critical light spectrum can
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be passively delivered at reasonable levels of light

Spectral Power Density of LG 5630 LED at 6,500 Kelvin

in the ambient environment. Previously, light
therapy devices required a patient to actively stare into a bright light box for two hours - which is an
unpleasant experience to say the least - and not something many elderly residents can be expected
to do. Delivery of the needed light spectrum passively will help assure all residents
receive the desirable light and do not require active therapy.

If the LED fixture is designed as a side-lit panel, the light is indirect light and a pleasant glow to the
eye, even at the higher light levels recommended by the Illuminating Engineering Society (IES) for
elder care facilities. With traditional lighting it is very difficult to even achieve the recommended
light levels in a tolerable manner, and impossible to provide the critical light spectrum for circadian
light. Assuring that elderly residents have adequate light levels to enjoy their interests and hobbies

will raise their activity levels and mental engagement.

There is a second part to the required light.
While it is critical to have the bright ‘:T] [ omcar
white light especially in the morning,
it is equally important to have warmer
light with less blue light later in the
afternoon and in the evening. If there is

only bright white later in the day, melatonin

Relative Spectral Power Distribution [%)]
s

secretion will continue to be suppressed.
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LED lends itself to control so with modern
wireless radio frequency control systerns such Spectral Power Density of LG 5630 LED at 2,700 Kelvin

as ZigBee, which is an IEEE telecommunication

standard widely deployed by electrical power utilities to communicate wirelessly with smart meters
and appliance among others, that facilitates implementation of automated lighting controls on a
facility-wide basis for such functions as circadian light scheduling. By using an LED light fixture
with both bright white and warm diodes, it is possible to control the light so the bright
white is provided in the morning when needed and the warm light later in the day.
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This is similar to how the light from the sun changes as the evening arrives. Furthermore, a ZigBee
telecommunications platform can also connect with low cost light sensors to provide ambient light
data to the control system that can adjust the level of intensity of the light as well as provide the
capability to control other devices such as window blinds to further reduce energy consumption.
The lighting system can also be linked through ZigBee to other automated sensor and control

systems, such as fire detection and security systems.

In addition to the host of wellness benefits described above, LED lights can deliver up to 85%
reduction in electricity consumption as well as providing maintenance-free lighting for up to
100,000 hours. For a light fixture on 24 hours per day, such as in a hallway, 100,000 hours of
operation equals approximately 12 years. Light bulb maintenance is a significant component of

faci]ity maintenance and can free-up valuable employees to perform other maintenance tasks.

Recommendations

The flexibility of control of LED technology is arriving at a time when we can put it
to good use for those living primarily indoors, as the elderly do. Opportunities now exist
to deploy lighting designed to promote healthy endocrine system function. New eldercare facilities
should be designed from a lighting perspective to IES standards, and they can also promoting
wellness of residents. The improved health can delay transition from Independent Living, to Assisted
Living, to Skilled Nursing or Memory Care. In addition to the benefit to residents, making the
most of LED capabilities can also reduce hospital transports, resulting in healthier bottom lines

for operators.
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Thank you to 2014 LINK Innovation Competition Winner Walalight, for their contributions to
this white paper. The Innovation Competition celebrates the unique products and services that
have been recently introduced to the long term care and senior living marketplace.
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