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Upcoming Events

* 26 October 2021 - Back to School: Are we getting the most from
lighting upgrades in existing schools? (Webinar)

e 27 October 2021 - SLL & Signify in conversation with Andrew Bissell
FSLL and Dr Christopher Kyba (Webinar)

/
e SLL South West Event — January 2022 TBC
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Become a member? www.sll.org.uk
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How does light influence the
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Dr Denizé Atan

Consultant-Netro-ophthalmologist

— University.of Bristol & BristolEye-Hospital
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What is
myopia?

Normal vision

THE IMAGE IS CREATED ON
A FOCAL POINT ON THE

\n RETINA CLEARLY AND
PASSES INFORMATION TO
THE BRAIN

DIRECTION OF
LIGHT TRAVEL

T

/

IMAGE IS INVERTED (YOUR
BRAIN CORRECTS THE
UPSIDE DOWN IMAGE)

MYOPIC EYES FOCUS THE
IMAGE 'TOO EARLY' AND
GENERATE A FOCAL POINT
THAT IS NOT ON THE RETINA,
MEANING THE IMAGE APPEARS
BLURRY

DIRECTION OF
LIGHT TRAVEL

IMAGE IS INVERTED (YOUR
BRAIN CORRECTS THE
UPSIDE DOWN IMAGE)




Estimated prevalence

in 20-year-olds

Why is myopia a big problem?
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= Hong Kong
= Taiwan

= Singapore
= South Korea
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Growing prevalence of myopia worldwide

Number of people (bn)

# Myopia

@ High myopia

2000

2010

2020

2030

2040

2050

Growing prevalence of
myopia worldwide

28%

of the world’s population suffered
from myopia in 2010, equal to 1.95
billion people

S0%

are expected to by myopic by 2050,
equal to 4.76 billien people

938m

people are predicted to suffer from
high myopia by 2050, which puts them
at risk of more serious eye conditions

of Myopla and High Myopla and Temporal Trends from 2000 through 2050°, Ophthalmoiogy 2016



39% 7% 5%

Diabetic
retinopathy

Uncorrected
refractive
error

23%

19% 7%

Age-related Cataracts Glaucoma
macular

degeneration

Royal National Institute of Blind People
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The Lancet Global Health 2021

Myopia is one of the most common
causes of sight loss in the UK and the

World



Why is this happening?



It’s just
our
genetics,
isn'tit?

RISK

Genetics: Family History of Myopia 6 X

Risk

Risk |

Low
Risk

MEITHER PARENT
MYQPIC

ONE MYOPIC TWO MYOPIC
PARENT PARENT
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'Miss! Are your classes making me blind?'  Top Stories

By James Gallagher Brexit bill finally gets through
Health and science correspondent, BBC News Parliament

After months of debate, the EU
O 7 June 2018 f ¥ © [ <« share (Withdrawal) Bill clears Parliament and
goes for Royal Assent.

& i Intense schooling linked to myopia

Hospital drugs left 456 patients
dead

© 4 hours ago

Trump reverses migrant
separation policy

@ 3 hours ago

Features
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Genes and
environment
are both
Important

OR of myopia
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What has changed?

Typical illuminance for light sources
used in human evolutionary timeline

Artificial 1/200th to

RS ! rtificia 1/1000th of

-~ Daylight and sunlight indoor hiat pesils

3 : \ et 1 (Ovefcast Sky) ~ 100,000 (direct Sunllght) ux Ilghtlng 4 have been used

AN g 100 - 500 lux = to over millions
- of years

et [amificaly
o
Ignung =i used to over
100 - 500 lux B millions of years

] 100 - 500 X what
8 people have been

¥

Past millions of years Past thousands of years hu:g:;d fe;:ars T Now



How IS
daylight
different
to
artificial
light?

noon

360 410 40D !

360 410 460 510 560 610 660 710 760

510 560 610 660 710 76O

LED

360 410 460 510 560 610 660 710 760

360 410 460 510 560 610 660 710 760

Fluorescent

360 410 460 510 560 §10 680 710 760

360 410 460 510 560 610 660 710 760

Incandescent



Genes linked to myopia are involved in the
detection of light

Increased systemic arterial
systolic blood pressure

Increased prostaglandin
levels

ITGAM protein complex @
Protein import ©

OPAT1 protein complex ©

Increased compact bone
thickness

©

Steroid hormone recepioro

activity

Thin retinal outer nuclear layer

Detection of light stimulus

Abnormal motor capabilities,
coordination or movement

Abnormal anterior eye
segment morphology

Opioid signaling
O O Nonmotile cilium .

— > (0.2

Pearson’s rbetween 27
meta-gene sets (a)
I 0.6

n of individual gene sets
per meta gene set (a)

b
Sensory perception  Response to
of light stimulus radiation
/D» B [Detection of stimulus
Response 1o light Photoreceptor inner
stimulus B segment
) . [] Detection of external
Detection of abiotic stimulus
stimulus _
ClDetection of light
stimulus
Detection of visible o
light
Sensory perception
U
Visual perception
p v

Phototransductioh
3',5'-cyclic-GMP
phosphodiesterase

tivity
?D,a

Nature Genetics, 2018



3 types of cell
in the retina

are directly N
sensitive to s
light
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Normalised
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Wavelength [nm]



The retina
IS an
electrical
Circuilt

e

O D 0

ON {0 E}S g @ O
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Mels) B 0 O
OFFJJ.O 0 ON /{{O

H1 0 H1 )| §e O

Output neurons

ON: Transmits brightness of individual red
and green “pixels”

OFF: Transmits darkness of individual red
and green “pixels”

Blue ON/yellow OFF: blueness of “pixels”
relative to the yellow around them

Parasol cells: motion of bright and dark
spots across visual field; changes in
brightness against the background. Come i
both ON (brightness) and OFF (darkness)
varieties.

Recursive: detect motion in specific
directions - help eyes lock on targets (?)

Giant sparse: overall brightness

for controlling pupil width and for
circadian rhythms

Intermediate layers

Starburst amacrine cells: help
detect motion across broad area

Dopaminergic amacrine cells:

adjust overall activity to the current
brightness level

A |l cells: feed rod signals into cone
ON (brightness) and OFF (darnkess)
pathways

ON bipolar cells: cone brightness level

OFF bipolar cells: cone darkness level

4 4
Central retina
Peripherial retina
More rods. Nearby cones share <« > m%rienfjoivni:jaﬁa:i?ecc? Tiermgse :f)
signal lines. Fewer cells per layer. the brain.

N

Rod bipolar cells: rod brightness level
Horizontal cells: sharpen the image;

some touch blue cones, and some
don't

Photoreceptors

Cones: detect colors; work best in
medium to bright light

Rods: detect brightness level only; work
best in very low to medium light



Retinal dopamine
levels fluctuate in
response to light
exposure and
circadian rhythms

Dopamine release

Constant darkness Normal lightldark cide
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Bright Light
Classrooms
introduced
in China




The brightness and colour spectrum of the BLC

50th 75th 90th
Photon count over visible light spectrum on cloudy days Photon count over visible light spectrum on sunny days 8 4 Thelight is too bright for reading
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Can artificial light mitigate against the risk of myopia?

A. B Full spectrum
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Unanswered
guestions...

Can we simply need to increase the
brightness? What about the effect on reading
comfort?

What about colour spectrum? Is a wider
spectrum always better?

Can we translate findings in chicks and mice to
humans?

What are “safe” levels of artificial light (wrt
brightness, colour spectrum, flicker)



If you would like
to help take this
research into the
classroom, please
let us know....

Denize.Atan@bristol.ac.uk
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https://www.nypodiatry.net/blog/post/outfitting-your-child-with-proper-footwear.html
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® Brightness

e Timing
e Colour
e Flicker




A

Low light
50 lux

Rain
10,000 lux

https://gcell.com/wp-content/uploads/Lux-levels.jpg

-

Living Room
200 lux

Cloudy
20,000 lux

Office
500 lux

Bright
50,000 lux

Supermarket
1000 lux

Direct Sun
100,000 lux



Dawn 4000K Midday 50008 Dusk 2700K
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https://www.ledsmaster.com/color-rendering-index-cri-versus-color-temperature-what-are-they.html



Incandescent -
up to 13% flicker

Flourescent -

l ) . up to 35% flicker

Same frequency (Hz) for
both types of ights
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https://www.alexfergus.com/blog/light-flicker-health



9:00 10:00 Noon 14:30 15:30

Highest High alertness Best coordination  Fastest reaction time

testosterone . ;
secretion . i
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movement e . ~ »  éfficiencyand
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Malatonin R pressure
secretion :
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192:00
poa - i Highest body
Sharpest rise In B - ot
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Lowest body Deepest Midnight Bowel Melatonin secration
temperature sleep movements  starts
suppressed

https://images.app.goo.gl/wiABckTUJ6FUfXNN7



Photo by Sharon McCutcheon on Unsplash







6 years old 13 years old 22 years old

Source: commons.wikimedia.org
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bipolar cell optic nerve

Intrinsically photosensitive
retinal ganglion cells ipRGC



Relative Sensibility

400

450
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550
Wavelength (nm)




Degree of Focus & Attention

L) L] 1

Wake-up AM Noon PM

— Pra/Post Adolescents ---- Adolescents

SOURCE: Sousa. D. A, {2006), How the Brain Lewrns [ 3rd ed.) Thousand Oaks, CA: Corwin Press.
Reprinted by permission.



* 30% in Nordic countries
e Vulnerable, risk-taking, grades...
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malatonin

https://mammothcomfort.com/melatonin-vs-serotonin-science-behind-good-nights-sleep/
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CRI50 ~ CRI90

https://clearlightdesigns.com.au/wp-content/uploads/2017/05/CRI-clearlightdesigns-large.jpg



Situation

e 6,000 ‘phantom array

e Sensitivity up to 21,000Hz
e 10% headaches

e 1% extreme reaction
e Young people,
e |earning difficulties
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Sunrise _Mnming _ Noan Afternoon Sunset
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Society of Light
and Lighting

Lighting for the eye and brain )
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Any questions?

www.sll.org.uk
@SLL100
sli@cibse.org
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For information about upéoming SLL events visit
www.sll.org.uk
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