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The Science of Blue Light

Unlocking the impacts on our health

Objectives

« Provide you with an understanding of light

« Explore the impact of blue light

+ Today’s blue light solutions
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Blue light hazards
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Problems We Are Trying To Impact

Indoor QOutdoor

455 nm

L o=}
1.Improve Sleep & Sleep Quality 1. Reduce Glare
2. Alleviate headache & Migraine symptoms 2. Enhance Color
3.Reduce Eye Fatigue & Strain 3. Protect from harmful light rays
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High Energy Visible (HEV) Blue Light and UV Light

=Ultraviolet Light
» UVC <280nm

» UVA 315-400nm

O
» HEV Blue Light > 400nm

+ SHORT WAVE blue light is myopic, falls short of the retina and scatters in the eye:
« Contributing factor responsible for Sleep/Wake Cycle.
Can trigger debilitating migraines

« Creates scatter, haze & interferes with visual clarity.

Courtesy of the Vision Council Copyright 2022, All Rights Reserved. Not For Distribution without Permission.

+ HEV blue light is linked to macula cellular damage and MD (Macular Degeneration).
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Light Source Comparison

* Blue light is a part of the visible light spectrum, between 400 nm & 500 nm
* The SUN is the strongest source of blue light, up to 100x more energy than artificial lighting, that
decreases visual clarity and can potentially harm your retina.

* LED & CFL lighting, digital devices and artificial lights bathe us in rich blue light that can lead to
visual blur, eyestrain, sleep disruption and headaches.

* Incandescent lighting transmits low blue, low green with high amounts of amber and red, which is
similar to the sun during sunset hours.




Blue Light Affects us in Three Ways

«Visual Blur ( /-Fatigue/SIeep 1
+Glare «Macular Cellular Issues
+Haze Damage ** *Migraine

*Up to 5X

increased risk
Daily Vision

Health and
Well-Being
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Daily Vision Issue

Di

gital Eye Strain

Daily Vision - Fovea is Devoid of Blue Photoreceptors

Lens 1% MACULA
Comea % SHEp S

* GREEN 33%:
pepitLL{ “/BLUE2%

% Responsible for image
* “clarity and definition

* More abundantin periphery
+ Provide object recognitionvs
high visual acuity
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How The Eye Processes Light

 The retina consists of three color sensing receptors called
‘cones’ that are stimulated by either blue, green or red
frequencies with peak response sensitivities for each.
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Scatter, Haze & Eyestrain Rayleigh Scattering: why the sky i blue
Rays from the sun
) Spherical
Scatter and haze is a well known phenomenon, sgz(tering of rays
also known as the Rayleigh scattering ... Light in the blue part
N h of the spectrum
scatters when passing through a medium i

Atmosphere

The blue color of the sky is from blue light
scattering as it passes through our atmosphere.

Blue light also scatters when entering the eye,
which leads to eye strain and visual blur.

Chrmatic aberration
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What is Digital Eyestrain?

+ The American Optometric Association says — “Digital Eye
Strain, describes a group of eye and vision-related problems
that result from prolonged computer, tablet, e-reader and cell
phone use...”

ALL Digital devices get their brightness and efficiency from
LED technology. The same tech used in today’s LED bulbs
and lighting.

-—
+  When you think and say “DIGITAL”, then you must think LED. frere
ik |

DIGITAL = LED
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Transmittance Curve from Digital Devices

 reac circauac o e |
Blue light peaks with high W s
intensity at 455 nm

B oo e

Blue light transmitiance [

drops off at about 500 nm
™3

Blue light transmittance
begins at about 430 nm
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Vision Loss Concern

PEER REVIEWED SCIENCE — BLUE LIGHT IMPACT

‘The Lipofuscin Fluorophore A2E Mediates Blue Light-  Review Aricie
Induced Damage to Retinal Pigmented Epithelial Cells

et R Sparone, Koji Nakanishi® and G A Purist?

Age-related maculopathy and

SCIENTIFIC REPg}RTS

#e Analysis of circadian properties
and healthy levels of blue light
fre night
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BLUE LIGHT CAN PRODUCE
MACULAR DEGENERATION IN A MOUSE

Tanito ot al. IOV, April 2007, Ve, 45, No.4

c
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Blue Light and Sleep




LED Lights Impact Our Circadian Rhythm

Blue light controls our circadian rhythm - our sleep/wake
cycle.

The light sensing cells in the retina (Melanopsin ganglion
cell) that control our sleep cycle and melatonin production
are activated by blue light between 450 to 500nm.

Melatonin production begins a few hours before bedtime in
the absence of intense blue light

In fact, blue light is a more powerful suppressor of
melatonin than just about any drug. Harvard Health Letter
2012
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Circadian Rhythm
(Biological Clock)

The 2017 Nobel Prize in
Medicine was awarded for Jeffrey C. Hall

the study of the Michael Rosbash
circadian rhythm Michael W. Young
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Light Source Comparison

Melatonin production begins a few
hours before bedtime in the
absence of intense blue light

Circadian Rhythm
impact area

Spectral Power Distributians (SPDs) of different natural and artificial light sources
note that intensities are not the same for each source (sunset is much less intense than daylight)
from:
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The Energy Deficit

SLEEP LOSS STATS

=1 in 3 adults don’t get enough
sleep (CDC) (Stats Canada)
- Fatigue from sleep loss can
result in:
- cognitive decline
- lower productivity
- Increased safety concerns

Poor Sleep = Low Productivity
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General Wellbeing - Effects of Poor Sleep

- Irritability

- Cognitive impairment

- Memory lapses or loss == o Increased heart rate variability
4’2 - Risk of heart disease

- Impaired moral
judgement

- Severe yawning

- Hallucinations

- Symptoms similar

- Decreased reaction
time and accuracy

to ADHD - Tremors
- Impaired immune Aehes

system

i \ Other:
- | - Growth suppression

- Risk of diabetes 3 ) - Risk of obesity

Type 2 y ? 41\ - Decreased

by & A e

The National Academy of S publ oblem: 2006
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Effects of Insufficient Sleep is a Global Concern

Canada i
da United Kingdom
$21.4billion $50 billion
Germany
$60 billion
United States Japan
$411 billion $138billion

leep across five Of

Jess lurneidge/RAND Europe
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Sleep Loss in the Workplace

HARVARD

UNIVERSITY

”Americans are not missing work of i ia. They are still going to their
jobs but accomplishing less because they’re tired. In an information-based economy,
it’s difficult to find a condition that has a greater effect on productivity.”

~Ronald Kessler, professor of health care policy at Harvard Medical School
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Impact of Fatigue in the Workplace

Fatigue is a safety hazard in the workplace, and it affects
productivity as well.

Fatigue affects employees’ ability to think clearly, slows
reaction time, and decreases attention, vigilance, short- o
term memory, judgment and other functions.

Tired employees are less productive (presenteeism) and
more likely to miss work (absenteeism).

When employees are not thinking clearly, they are more
likely to make mistakes that can be costly or even deadly.

the Workplace. N Copyright 2022, All Rights Reserved. Not For Distribution without Permission.

26

Absenteeism

Productivity losses linked to absenteeism cost
employers $225.8 Billion

| Source: COC, Tnternational Monetary Fund




Presenteeism

Presente

~57.5
unproductive
work days —
(~3 working

months)

days
per year

e

Source: GCC Insights
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Clinically Proven To Double Melatonin

. Key Findings
" 5
Wearing Blue Light Blocking lenses for just 5

days, participants demonstrated:
1. Increase in Melatonin levels by 96%

2. Less awakening during sleep, reduced sleep
onset latency (fell asleep faster)
3. Improved cognition using pattern comparison

test—47%

Blue Light-Blacking Glasses May Help
Study Suggests

Copyright 2022, Al Ri
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BLUTECH

U PENN Laboratory Study

B Porclman  Efects of Blus Fitering Lanses on losp and Melatonin Production in Good Slespers
& Lnehman Holly Barila, Phil R Gehrman?, Indira Gurubhagavatulat

Key Findings

While wearing Blue Light Pigment lenses
vs control lenses (Clear Blue Light
Blocking lenses), healthy participants with

Clear Blue Light no sleep disorders, demonstrated:
= Blocking Lenses
== Pigmented Blue Light 1. Significant increase in melatonin

Blocking Len
ocking benses secretion after 3 hours of wear

2. 45 minutes more sleep as indicated in
the subjects sleep diary

3. 25 minutes increase in sleep duration
0 3 6 9 120 150 180 210 240 270 300 as measured using actigraphy device

Minutes

Copyright served. Not For Distribution without Permission.
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Blue Light and Migraine
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Migraine: The New Mystery Disease & Global Concern

How Common is Migraine?

'l
&
() ]

1in 16 Men
1Billion Worldwice -

1in S Wemen
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What is Migraine?

Migraine is more than just a headache; it
is a major disabling neurological disease

Migraine is an inherited neurological
disorder that is characterized by over
excitability of specific areas of the brain

Source: American Migraine Foundation

33
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Migraine Symptoms — 4,000 person study

The symptoms of migraine go well beyond the head pai

- 3
T e
Difficuity concentrating 77%

Serstty o small 72%

ura E—————— 0%
Sinus symptoms (eg, stuffiness) EEE——_30%
W ——36%
/eakness I
Anger/Rage 1 Fabiy ———
Yawning IEE—— 33%
=397
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Common Migraine Triggers

Unfortunately, many common triggers may be
impossible to avoid

81% 67%

Bright fight

pareNeather ot 9
srometric pressure 69% / 66%

Certain smells or
perfumes

Sleep issues

aimovig: Migrainein America 2016 Copyright 2022, Al Righis Reserved. Not For Distrbution without permission
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What is Photophobia?

An extreme and painful
sensitivity to light. It can
be caused by an injury,
headaches and
migraines, medications,
diseases, and more.

Source: Photophobic Society of America
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Conditions that may cause
Photophobia?

Cataracts.
Concussions.
Corneal abrasion.
Dry eye.
Headaches.

Keratitis which is also caused corneal
inflammation.

Migraine.
... and more

Copyright 2022, All Rights Reserved. NORFORDIStbNton wilkoubRert
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Medications that may cause
Photophobia?

Antihistamines.
Furosemide.

Non-steroidal, anti-Inflammatory drugs
(NSAIDs)

Oral and estrogen-based
contraceptives.

Quinine.

Sulfonamides.
Tetracycline.

Tricyclic anti-depressants

Copyright 2022, Al Rights Ref
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TIMELINE OF A MIGRAINE ATTAC

PRODROME HEADACHE POSTDROME
4 N HRS 24-48 HRS

AT

mamTY TO
oRiLLNG ICENTRATE

4 Stages of Migraine

1. Prodrome
*Few hours to days

2. Aura
+5-60 mins

3. Headache
*4-72 hrs

4. Postdrome
+24-48 hrs

13



Migraine Aura

Visual symptoms of aura are temporary, but
they can be disabling. Some examples
include:

* Zigzag floating lines or spots
* Vision loss or changes

* Flashes of light

 Blind spots called scotomas

tvo i Copyrig All Rights Not For Distribution without Permission.
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Life Impact of Migraine

Dehilitating

frustrating ’ Pam

3 Miseratle g

Painfu["”rriblﬁ ”
Torture

wiul

aimovig: Migraine in America 2016 2022, All Rights Reserved. Not For Distribution without permission.
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The Real Impact of Migraine is HUGE!

Based on the following:

* 5 migraine attack/episode days per month
+ 24 br duration O migraine attack/episode days

© 24 hr recovery

. Missed out time... “didn'ts” migraine-affected days

* Occasional medication use

work, sleep or family fime “didn'ts”

Learn more by using the Migraine Impact Tool

*https://www. kyourmigraine.com treatment days

Copyright 2022, Al Rights F
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Digital Blue Light Is Most Detrimental To Migraine Patients
Blue light (447 nm % 10) increases migraine intensity
Green Light (530 nm + 10) was shown to soothe migraine intensity

o — e
4
J o e
E] Migraine photophobia originating in
: cone-driven retinal pathways
: Rodrign Neseda, ' Carsiyn A Bernstsin," Roy-Recsven Nir iice | Lee.*
z 3 Ao B. Fuiton. ™ Susaane M. Bertich,-* Alexandes Hovaguimsian, - Dean M. Cestari 2
. Rodrign Saavedra Walker,” David Barsook.™” Bruce L Doran,” Catherine Burttmer* and
H Ramm: Burstain
400nm E 500nm 600 nm 700 nm
v
Blue light Green light :
447 nm £ 10 530 nm £ 10 L e el
Exacerbates Soothes
migraine migraine

oy I Rights Reserved. Not For Distribution without
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Sleep Quality and Migraine Frequency

Migraine frequency correlates with poor sleep quality and a
higher prevalence of poor sleepers.

Disturbed sleep is a particularly common problem among
migraineurs (children or adult), affecting 30% to 50% of
migraine patients.

Greater migraine frequency was associated with a higher
prevalence of poor sleep quality

rea 2016

Copyright 20:
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Wearer Survey with Blue Light Blocking Lenses

99.1% 98.2% 93.8% 65.1%

Of those surveyed Of those surveyed Of those surveyed Of those surveyed

Eyes more Significant sleep Absolute "Yes” to wear as Significant reduction in

relaxed indoors. improvement everyday glasses headaches/migraines
Copyright 2022, Al Rights Reserved. Not For Distribution without permission.
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Product Performance
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Light Source Comparison with popular Blue Light Blocking Lenses

+ CFL and LED lighting are the most common light sources in our homes, schools, workplace and just
about any establishment we visit.

+ Comparisons are made with the four most popular lens product categories

\ = A 4
Blue Blocking AR Coating Clear Blue Blocking Lens  Pigmented Blue Blocking Lens  Tinted Blue Blocking Lens

Copyright 2022, All Rights Reserved. Not For Distribution without Permission.
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Lens Performance with CFL/Florescent Lighting

oo OO oo OO

Blue Blocking AR Coating Clear Blue Blocking Lens Pigmented Blue Blocking Lens Tinted Blue Blocking Lens

|

Full Transmittance of CFL m——
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Lens Performance with LED Lighting and Digital Devices

Blue Blocking AR Coating Clear Blue Blocking Lens Pigmented Blue Blocking Lens Tinted Blue Blocking Lens

Full Transmittance of LED/Digital Device
Copyright 2022, All Rights Reserved. Not For Distribution without Permissior
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When to Wear Blue Light Blocking Lenses

() Experience Digital Eyestrain or get
o/ \__ headaches? Wear Blue Light Blocking

Lenses all day.

3ol

For best results with sleep, wear Blue
Light Blocking Lenses at least 3-4 hours
before bedtime.

50

Summary

1. Blue light can impede visual clarity, potentially damage the retina, disrupt sleep
and exacerbate migraine.

~

. Intense blue light in the evening disrupts your patients’ sleep cycle leading to
increased headaches and migraines.

w

. Blue Light Blocking Lenses that effectively block digital/LED light are clinically
proven to regulate melatonin production.

IS

. Blue Light Blocking Lenses that effectively block CFL and digital/LED light, provide
optimum protection from detrimental blue light for headache relief associated
with photophobia.

5. The Opportunity to help your patients is not just with Rx, but also with Plano
patients.

Copyright 2022, All Rights Reserved. Not For Distribution without Permissior
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Thank You
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