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Purpose:
- Geographic Atrophy

Investigation on the effects of bilberry on night visual acuity (VA) and night contrast sensitivity (¢
AMD Supplementation Studies

g male subjects with BCV. 0 AMD Supplementation: A Walk Down the Rabbit Hole
- Associated Risk Alleles
- Antioxidant and Zinc Limitations
+ Polyphenols

uble-blind, placeb
placebo and 7 s
% anthocyanosides)
s ingested one active or placebo capsule three times daily for 21 d.

+ After the three-week treatment period, a 1-month period was employed to allow any effect of
bilberry on night vision to dissipate. In the second 3-week treatment period, the 8 subjects who first
received placebo were given active capsules and the 7 who first received active capsules were given

bo.

+ Night VA and night CS was tested throughout the 3-month experiment.

Results:
« No difference in mesopic VA during any of the measurement periods
- Oral Supplementation

+ No difference in mesopic CS during any of the measurement periods
‘What's Next?

Prevalence of undiagnosed AMD in primary eye care
RETINAL | JAMA ophthalmology (2017) 135.6:570-575

ANATOMY C osecrives
» To examine the pi of AMD patients seen in primary eye care clnic: portedly have normal macular health per their

medical record

Foveola Sample consisted 3 41306 Age-ReIated * Epidemiology
' 530 5450 nad D b no o ord Macular -« Age Related Eye Disease Study

RESULTS

s: female; mean [SD] age, 69.4 [6.1] ye:
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Macula **Findings were not different for ophthalmologists and optometrists (age adjusted OR, 0.99; 95% C1,0.71-1.36; P = .94)**

L e x CONCLUSIONS AND RELEVANCE
+ Approximately 25 s deemed to be normal based on DFE had macular characteristics that indicated AMD rev
dus photography and
of eyes with undiagnosed AMD had drusen treatable with nutritional supplements had it been diagnosed
At strate e available




Age Related Macular Degeneration

Epidemiology

ion Americans show clinical evidence of AMD*
% of patients over 55 (Age of enrollment for AREDS)
of patients over 65
of patients over 75
of patients over
of patients over 1

50 Million Americans have clinical risk factors for AMD development

- Age
Family History
Tobacco Use
lar Disease (geographic AMD and exudative AMD)
y. Sunlight Exposure, Ethnicity, Gender

*Refer to 2017 JAMA ophthalmology article mentioned at outset

dings Related to Age-Related Macular Degeneration
Microvascular Changes - ——

Natural History of Subclinical Neovascularization in Nonexudative Age-Related Macular

Degeneration Using Swept-Source OCT Angiography.

Ophthalmology. (2018) 125(2):255-266

= CONCLUSIONS: By 12 months, the risk of exudation was greater for eyes with documented
subclinical macular neovascularization (MNV) compared with eyes without detectable MNV

Association between outer retinal alterations and microvascular changes in intermediate

stage age-related macular degeneration: optical coherence tomography angiography study.

Br J Ophthalmol (2016):1-6.

= CONCLUSIONS: Demonstrated association between SD-OCT signs and retinal blood supply in
patients with intermediate AMD and showed that reduced flow in superficial vascular plexus
and damage of the inner and the outer retina is predictive of GA development

Retinal Findings Related to Age-Related Macular Degeneration
RPE Dysfunction o ——

Desig

Prospective, multicenter linical pilot stud
26 patients with diagnosis of AMD and the presence of large,
soft drusenoid deposits
Patients received atorvastatin 80mg QD and monitored at
baseline and every 3 months with complete ophthalmologic

Blood panel (AST, ALT, CPK, total cholesterol, TSH,
creatinine)

Its:
23 subjects completed 12 months of follow-up
High does atorvastatin resulted in regre on of drusen
ed with increase of 3.3 letters (p = 0.06)
AMD

Age Related Macular Degeneration

AREDS Criterion

FIRST EYE_(Must have VA >20/32, o advanced AMD and no disqual SECOND EYE

AMD Pigment
Category Drusen Sz Drusen Area” Abnormalities™

* Drusen and GA None or <63um <125um diameter None
within 20D of fovea

Same as 1

<63um >125um diameter
or or
** pigment abnormalities Absent orPresent  c,n\q o6 1 or Catego
4 2 eaum, <125um >1druse EDDEHEET T

within 1DD of fovea
None if pigment
abnormalities
*+* Advanced AMD is: >360um diameter

1)  GA involving fovea (if soft drusen present)
2) CNVM de >63um, <125um >656um diameter

{# soft drusen sbsent) Absentor Present  Same as 1 or Category
12

3 o o WITHOUT central GA
>125um Atleast 1 druse
None if GA present

42 Category120r3 Advanced AMD™

al Findings Related to Age-Related Macular Degeneration
Microvascular Changes .

Retinal Findings Related to Age-Related Macular Degeneration
Drusen Formation B = N

7-Ketocholesterol increases retinal microglial migration, activation, and angiogenicity: a
potential pathogenic mechanism underlying age-related macular degeneration.
Scientific reports (2015) 5:9144
CONCLUSIONS: 7-Ketocholesterol is an oxidation product localized to the outer retina with
prominent pro-inflammatory effects resulting expression of angiogenic factors transitioning
to a neurotoxic and pro-angiogenic phenotype. Outer retinal lipid accumulation in
intermediate AMD results in neuroinflammation that leads to advanced AMD

Dry age-related macular degeneration: mechanisms, therapeutic targets, and imaging.

Invest Ophthal Vis Sci (2013) 54(14)

= CONCLUSIONS: Much of the genetic risk for AMD is associated with complement gene
Several complement-based therapeutic treatment strategies target protein and/or lipid
deposition including anti-amyloid therapies, autophagy and modulation of oxidative
stress
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Microvascular Changes
RPE Dysfunction
Drusen Formation
Geographic Atrophy

Retinal Findings :
Related to Age-Related
~.Macular Degeneration

Retinal Findings Related to Age-Related Macular Degeneration
RPE Dysfunction § ——

+ Cholesterol accumulation leads to macular
deposits (BlinD and BlamD)
+ Peaks in these deposits become
clinically-visible drusen

racellular cholesterol deposits:

« Impact photoreceptor health

+ Initiate inflammation

+ Create CNV predisposition

«Limit Vitamin A transport across
Bruch's membrane

** Leads to localized Vit A deficiency

and impaired dark adaptation **

Retinal Findings Related to Age-Related Macular Degeneration
Geographic Atrophy e
Natural history of geographic atrophy progression secondary to age-related macular
degeneration (Geographic Atrophy Progression Study).
Ophthalmology (2016) 123(2), 361-368.
= CONCLUSIONS: Mean change in lesion size from baseline to month 12 was significantly greater in:
= multifocal atrophic spots compared with unifocal spots (P < 0.001)
* extrafoveal lesions compared with foveal lesions (P = 0.001)
Although differences were observed in mean lesion size, FAF and CFP were highly correlated

Choriocapillaris Degeneration in Geographic Atrophy.

The American Journal of Pathology (2019)

= CONCLUSIONS: Choriocapillaris loss was observed in early AMD with greater loss in GA even in
areas of intact RPE. Changes in lumen/stroma ratio in the outer choroid were not found to differ
between controls and AMD or GA eyes suggesting choriocapillaris changes are more prevalent
in AMD than those in the outer choroid. Additionally, VEGF-A levels were negatively correlated
with choriocapillaris vascular density suggesting that choroidal microvascular degeneration
contributes to atrophic AMD progression.
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Age Related Macular Degeneration Studies
Age Related Eye Disease Study Il (AREDS2) [2013]

Desig
6 year longitudinal, placebo-controlled study released in Ma

AREDS2 Methods:
4203 men and women ages 50-85 were divided into 4 groups:
AREDS2 1) 10mg L an g Z + AREDS
2) 350mg DHA and 650mg EPA + AREDS
3) 10mg L and 2mg Z and 350mg DHA and 650mg EPA + AREDS
4) control (AREDS formulation only) *No true placebo group*

Al participants were offered:
+ Original AREDS formula (Standard of Care)
+ Variation of the AREDS formulation (former smokers)

In contrast to AREDS, AREDS Il subjects were previously diagnosed with
moderate to advanced ARM and/or AMD
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Degeneration

Eye Disease Case Control Study (EDCC)

Age-Related Age-Related Eye Disease Study (AREDS)

Macular Lutein Antioxidant Supplement Trial (LAST)
Carotenoids in Age-Related Eye Disease Study (CAREDS)
Lutein Xanthophyll Eye Accumulation (LUXEA)
Taurine, Omega-3, Zinc, Antioxidant and Lutein (TOZAL)
Carotenoids in Age-Related Eye Disease Study Il (CAREDS2)
Age-Related Eye Disease Study Il (AREDS2)

Studies
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Age Related Macular Degeneration Studies

Age Related Eye Disease Study Il (AREDS2) [2013]

Results:
L/Z plus AREDS formula:
AREDS 2 Reduced progression to advanced AMD 10% over AREDS formulation
alone in total cohort
v 1/Z substitution for B-carotene resulted in a 18% risk
reduction of advanced AMD within 5 years

Reduced progression to NV AMD by 11% of AREDS formulation alone
in total cohort
+ Reduced progression to exudative AMD by 26% in subjects
with lowest intake of L/Z
v 1/Z substitution for B-carotene resulted in a 22% risk
reduction of exudative AMD within 5 years

NO apparent effect of B-carotene elimination or reduction of zinc to
25mg

Dietary flavonoids and the prevalence and 15-year incidence of
age-related macular degeneration
Am J Clin Nutrition (2018) 108.2:381-387

Background

+ Majority of research performed to date has examined the effects of antioxidants such as vitamins C,
£, and A and carotenoids on AMD risk and progression. To date, there is limited research on
promising phytochemicals with antioxidant and anti-inflammatory properties, including flavonoids

Objective
+ Assess the independent associations between dietary intake of total flavonoids and common
flavonoid classes with the prevalence and 15-y incidence of AMD

Design
+ 2856 adults aged 49y at baseline and 2037 followed up 15 years later were included in prevalence
and incidence analyses.
Dietary intake was assessed by using a semi-quantitative FFQ
Estimates of the flavonoid contents were assessed by using the USDA Flavonoid, Isoflavone and
Proanthocyanidin databases
AMD was assessed from retinal photographs using AREDS criterion
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Age Related Macular Degeneration Studies
Eye Disease Case Control (1994)

Design:
= 5 ophthalmology centers included:
356 subjects (ages 55-80) with advanced AMD within 1-yr of
enrollment
520 control subjects
** Frequency matched to cases of same age and sex **

Method:
= Multiple Regression analysis controlled for smoking and other risk
factors

Results:

* Highest quintile carotenoid dietary intake (specifically L and 2)
showed 43% lower risk than lowest quintile in the development of
advanced AMD

**Vit A, Vit C and Vit E showed no significant relationship to AMD
development

T @ * Oral Supplementation
Clinical Nutraceuticals Polyphenols

Related to R.et nal - Flavonatig
Disease « Non-Flavonoids

 Carotenoids

» Xanthophylls

Dietary flavonoids and the prevalence and 15-year inci
age-related macular degeneration.
Am J Clin Nutrition (2018) 108.2:381-387

Results
« Cross-sectional and multivariate adjusted

« Each 1-SD increase in total flavonoid intake was associated with a reduced AMD likelihood
+ OR: 0.76 (95% Cl: 0.58-0.99)

« Each 1-SD increase in total flavonols intake was associated with reduced prevalence of AMD
* OR:0.75 (95% CI: 0.5 9)

* Each 1-SD increase in total flavanones was associated with reduced prevalence of any AMD
* OR: 0.77 (95%: 0.60-0.99)

Conclusions

Findings suggest an independent and protective association between dietary intake of flavonoids
and the reduced likelihood of developing AMD. Additional prospective cohort studies are needed to
validate these findings.




Polyphenols
Flavonoids
Quercetin

al and retlnal angiogenesis in vitro.
00

378
Singlet oxygen quenching-and chain-breaking antioxidant-properties of a quercetin dimer able
to prevent AMD.

Quercetin and cyanidin-3-glucoside protect against photooxidation and photodegradation of
AZ2E in RPE cells.
rimental h 16 017): 4!

Neuroprotective effects of quercetin in diabetic rat retina.
J Bio Sciences. ( 7) 24.6:11 194,

Protective effect of quercetin and chlorogenic acid, two polyphenols widely present in edible

plant varieties, on I ht-induced retinal degeneration in vivo.
J Func Foo

Polyphenols
Flavonoids
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Quercetin protects retina external barrier from oxidative stress
jury by promoting autophagy =

Cutaneous and Ocidlas
Purpose:

Investigagesthe protective eff
! cells during oxidaf

Methods:
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B> alone su’ong\y

on eniEnced 4

gy g 3
Quercetin predgnts.the loss of tight junction Frokns u,’»eg}l ing autophagy after oxidative stress in

ARPE-19 cells.

Retinoprotective Effects of Anthocyanins via Anti-Inflammatory

and Anti-Apoptotic Mechanisms.in.a Visible Light-Induced
Retinal Degeneratlon Model in Pigmented Rabbits™—

ifotective effect of

was established by the pigmented rabbits e
/ Administration of AE at dosagesjof 250
flcantly reduced as measured by ERG afil

oppoN
mechanisisrsippressing lipid peroxidation‘and protnflammatory cytokines, and inhibiting

retinal cells apoptosis.
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Quercetin protects retina external barrier from oxidative stress
injury by promoting autophagy_ =
Cutaneous and Ocidlas
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Retinoprotective Effects of Anthocyanins via Anti-Inflammatory
and Anti-Apoptotic Mechanisms in a Visible Light-Induced
Retinal Degeneration Model in Pig mented Rabbits ———



