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Course Goals
n To provide clinically 

useful information 
about AMD

n Systemic approach
n Prevention
n Early diagnosis
n Treatment and 

management
n Nutrition

Statement of The Problem

n The AMD “Epidemic”
n AMD is the leading cause of blindness in 

individuals over the age of 50 in the 
developed world.
n Klein R, Klein BEK, Linton KLP. 

Prevalence of age-related maculopathy. 
Ophthalmology. 1992;99:933– 94 3.

What is AMD?
n AMD is a heterogeneous disorder affecting the 

RPE/Bruch’s membrane/choriocapillaris complex.
n Early disease is classically characterized by minor 

vision loss associated with focal or diffuse sub-RPE 
debris and changes in RPE pigmentation. 

n Late, advanced disease is characterized by severe 
vision loss associated with extensive RPE atrophy (GA) 
with or without the sequelae of macular 
neovascularization (MNV).

n Zarbin MA. Age-related macular degeneration : review of pathogenesis. Eu. J 
Ophthalmol. 1998:199–20 6.

Epidemiology

Classification of AMD 
n Non-neovascular, aka “dry”

n Non-exudative, atrophic
n Can be performance-degrading
n Majority of AMD cases

n Neovascular, aka “wet”
n Exudative, hemorrhagic
n MNV –devastating to central 

vision
n Minority of AMD cases

n Majority of vision loss

The Burden of Disease
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The Burden of Severe Vision 
Loss in AMD

n Patients, loved ones, caregivers, medical 
community. 

n Consequences may be:
n Physical
n Social- isolation
n Economic
n Psychological- depression

Prevention
Early Diagnosis

Early Intervention
Improved Visual Outcomes

The AMD “Epidemic”
How should we as optometrists respond?

Mixed Drusen

OCT of Soft Drusen
AMD Risk Factors

n Non-modifiable
n Age
n Heredity
n Sex (F>M)
n Pigmentation
n Race
n Iris color

n Modifiable
n Smoking 
n Cardiovascular disease
n Blood lipid status
n Hypertension
n Alcohol consumption
n Light exposure (UV, blue)
n Nutrition
n Obesity
n Low MPOD
n Poor dark adaptation
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Pathobiology of AMD
• Aging of the photoreceptors and RPE/Bruch

• Genetic component

• Environmental stress

• Lifestyle/nutrition
• Light-initiated oxidative 

damage

What are the four primary retinal pigments?

o Zeaxanthin
o Lutein	

– along	w/their	metabolites,	L	&	Z	are	found	in	the	
macula’s	 sensory	layers

o Melanin	– found	in	the	RPE
o Lipofuscin	– found	in	the	aging	RPE

Xanthophylls and AMD
£Lutein, zeaxanthin, 

and their metabolites 
help form the macular 
pigment.

£Dietary sources include 
green leafy vegetables 
and orange-yellow 
fruits.

£Act as antioxidants and 
blue light screening 
compounds.
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Figure 1: Xanthophyll carotenoids found in the human retina and macula.
Asterisks denote metabolites of dietary lutein and zeaxanthin.

The Importance of 
Macular Pigment 

£Filters blue light
£Acts as an antioxidant by quenching free radicals
£Provides support to sensory retina

Macular Pigment Optical Density 
(MPOD)

Heterochromatic Flicker 
Photometry (HFP)

Risk assessment, early detection and 
monitoring of AMD

£Macular Pigment Optical Density 
£MPOD
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Macular Pigment Optical Density (du) ranges from 0.0-1.0 

• 217 healthy subjects (79 men, 138 women) were recruited from the Phoenix 
metropolitan area (age range = 17–92 years). 

• The average MPOD was 0.22 � 0.13. 
§ Investigative Ophthalmology & Visual Science May 2000, Vol.41, 1492-1497.

Low High MPOD

MPOD is the IOP 
for 
AMD

The Macula & Beyond: 
Value of MPOD

n AMD
n MacTel
n Type 2 DM, DR
n Obesity, smoking, heart dx 
n Neurodegenerative disease

n MS
n Cognition incudingl early AD

n Eye and brain development

n Demmig-Adams B, López-Pozo M, Stewart JJ, 
Adams WW III. Zeaxanthin and Lutein: 
Photoprotectors, Anti-Inflammatories, and 
Brain Food. Molecules. 2020; 25(16):3607. 
https://doi.org/10.3390/molecules25163607

n Gazzolo D, Picone S, Gaiero A, Bellettato M, 
Montrone G, Riccobene F, Lista G, Pellegrini 
G. Early Pediatric Benefit of Lutein for 
Maturing Eyes and Brain—An 
Overview. Nutrients. 2021; 13(9):3239. 
https://doi.org/10.3390/nu13093239

n Retina: September 2015 - Volume 35 - Issue 9 
- p 1808-1816doi: 
10.1097/IAE.0000000000000551

n Investigative Ophthalmology & Visual Science 
April 2018, Vol.59, 1828-1835. 
doi:https://doi.org/10.1167/iovs.17-22656

n Olivia M. Rifai, Sarah McGrory, Cason B. 
Robbins, Dilraj S. Grewal, Andy Liu, Sharon 
Fekrat, Thomas J. MacGillivray, The 
application of optical coherence tomography 
angiography in Alzheimer's disease: A 
systematic review, Alzheimer's & Dementia: 
Diagnosis, Assessment & Disease Monitoring, 
10.1002/dad2.12149, 13, 1, (2021).

Benefits of Supplementation with Dietary 
Xanthophyll Carotenoids for People 

WITH OR WITHOUT AMD at Any Age

n Ocular structural and visual function development
n Ocular health and visual performance enhancement
n Brain development/health and cognitive performance
n Preserve retinal/macular health by improving MPOD, 

physiology
n Preserve cognitive health 
n Preserve systemic vascular health (DM, CV) 
n Blue light protection

MPOD Summary

£Macular Pigments are important photo-
protectants and antioxidants.

£Low MPOD is a modifiable AMD risk factor.
£ Increasing MPOD improves visual function and 

has additional health benefits.
£Measuring MPOD is fast, affordable, accurate, 

important.
Vision Res. 2010 Mar 31; 50(7): 716–728.

• In maculae of healthy, 
young adults, rods 
outnumber cones by 9:1. 

• Therefore, the macula may 
be described as cone-
enriched but rod-dominated. 

• In AMD, central rods die 
first, followed shortly by the 
nearby cones.

A Rod-centric Model of Disease
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Patients with pre-AMD often complain of 
difficulty with activities performed at night 
and under low illumination (e.g., driving,
reading). Mangione CM, Gutierrez PR, Lowe G, Orav EJ, Seddon JM 

Influence of age-related maculopathy on visual functioning 
and health-related quality of life. Am J Ophthalmol. 
1999;128:45–53.

A Rod-centric Model of Disease Early Detection of Degenerative Change 
in “Subclinical AMD” or “Pre-AMD”

n DA measures the time for 
retinal adaptation after 
exposure to a light 
stimulus.

n Poor DA is a functional 
manifestation of early 
disease. 

n Rod intercept (RI) is 
analogous to A1C.

Dark Adaptation (RI) 
is the
A1C 

for AMD
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Emerging Trend: 
AMD as a Systemic Disease
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AMD and Drusen
n AMD is a disease resulting from poor “Waste 

Management”.

n Drusen are “pockets of inflammation”
n Recent investigations show that proteins associated 

with inflammation and immune-mediated processes
are prevalent in drusen. 

Drusen

Drusen is the earliest clinically detectable feature of AMD.** 

AMD: a sick eye in a sick body? AMD and Cardiovascular (Heart) Disease

Parallel Worlds: Heart Disease 
and AMD
• Diet – Low fruit/vegetable consumption increases 
risk of AMD and CVD
• Obesity and physical inactivity
• C-reactive protein (elevated)

•Inflammatory marker
• Homocysteine (elevated)
• Omega-3 EFA may be beneficial for AMD patients
• Cholesterol (elevated)
• Serum Iron – Increased amounts may increase 
AMD and CVD

The 4 Seasons of AMD

n Oxidation

n Inflammation/Ischemia

n Atrophy

n Neovascularization
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Normal Retinal Metabolism

n Outer segment discs of rods and 
cones are transported to RPE for 
metabolism

n Discs are engulfed into RPE and 
fuse with lysosomes, where they 
are digested

n Undigested residual bodies remain 
as lipofuscin
n These are the real troublemakers! *

Lipofuscin accumulates in 
the aging RPE

Abnormal Retinal 
Metabolism

Reactive Oxygen Species (ROS)

n ROS are the byproducts of oxygen metabolism. 
n Free radicals
n Hydrogen peroxide
n Singlet oxygen

n The retina/macula is particularly susceptible to 
oxidative stress because of its high O-2 
consumption and exposure to visible light.

Wet AMD Pathology

~20% of eyes w/dry AMD 
ultimately convert to wet AMD.*

Pathways in AMD Pathogenesis
Pathogenesis of CNVM

£ Breaks in Bruch’s Theory
£ Diffuse thickening of Bruch’s w/soft drusen
£ Predisposes Bruch’s to breaks
£ New BV’s from CC grow and proliferate
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Advanced AMD starts out like this:

Large, ill-defined, and confluent soft drusen**

Intermediate Stage AMD  

• AREDS Category 3
• Extensive intermediate 
drusen (63-124µ diameter)
• At least one large druse 
(>125µ)
• Geographic atrophy not 
involving the foveal center 

Unfavorable prognostic signs 
leading to CNVM, GA:
• Soft,	large,	confluent	drusen
• Reticular	(pseudo)	drusen*
• Focal	hyperpigmentation
• Disciform lesion	in	the	fellow	eye
• Older	age
• Poor	dark	adaptation*

Reticular (Pseudo)drusen (RPD)

n Seen as a reticular 
pattern of small 
yellow-white 
lesions often in the 
superior macula, 
RPD are a high-
risk sign for 
advanced AMD.

Reticular (Pseudo)drusen Reticular (Pseudo)drusen

n Presence of RPD is a consistent risk factor for 
progression to both atrophy and CNV 

n IS/OS C-scan B-scan
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Emerging Trend

n Home monitoring

n PHP

n OCT

Baseline Alert

Structure and Function
n OCT and PHP work 

synergistically

Home OCT for Monitoring Therapy of 
nAMD Between Visits

Home OCT Image
• Monitoring	of	intra- and	subretinal	 fluid	
based	on	daily	patient	self-imaging

• Easy-to-use,	patient-operated	device
• Takes	less	 than	one	minute	per	eye

• AI	algorithm	analyzes	images	on	cloud

• Remote	diagnostic	clinic,	provider	of	
monitoring	program,	reports	changes	
meeting	physician-selected	fluid	volume	
thresholds	 to	referring	physician

• 24/7	physician	access	to	all	data

Home OCT Device

Prevention and treatment of 
GA remains an unmet need. 

Ultimate hope is that innovations such as complement 
inhibition and stem cell–based therapies provide an avenue 
for tissue regeneration or replacement. 

FAF + OCT in GA

Offers a new perspective of the structure-function
relationship within the retina
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Simultaneous FAF and OCT
Geographic Atrophy

atrophic 
areaperilesional 

zone
perilesional 

zone
junctional zones

n FAF shows areas of hypo-autofluor esc enc e in GA
n OCT outlines the corresponding photoreceptor dropout

Emerging Trend: OCTA

OCTA

Imaging

Cirrus Angioplex OCTA reveals 
CNV Lesion in nAMD

81 y/o WM 
OCTA at RPE Level
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Questions and Answers

pizzimen@uiwtx.edu
TREATMENT OF 
NEOVASCULAR AMD

CNV ---> FV Scar

**PDT scars less 
than thermal laser**

**Advantage of PDT: less scarring than thermal laser** Is AMD a Systemic Disease?
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MCP-1 = Monocyte 
chemoattractant protein-1

Angiogenesis 

Environmental 
factors1

(hypoxia,2 pH)

Growth factors,

hormones1

(EGF, bFGF, PDGF, 

IGF-1, IL-1a, IL-

6, estrogen)

VEGF-A binding 

and activation of 

VEGF receptor3

Endothelial cell

activation3

VEGF-A = v as c ular endothelia l  growth factor A; EGF = epidermal  growth factor; bFGF = bas ic  fibrob las t growth factor; PDGF = p late le t-derived growth 
fac tor; lGF = ins u l in -lik e growth fac tor; IL= interleuk in.
1. Dv orak  HF. J  Cl in  Onc ol . 2002;20:4368. 2. Aie llo  LP, e t a l. Arc h Ophthalmol . 1995;113:1538.
3. Ferrara N, e t a l . Nat Med. 2003;9:669. 4 . Gri ffioen AW and Molema G. Pharmac olRev . 2000;52:237.

Antiangiogenic Drugs: 
VEGF Inhibitors

VEGF binds to receptor

~30% showed 
improved VA in 
ANCHOR, MARINA
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New Therapy with a Fraternal 
Name: Brolucizumabe

£ Humanized single-chain 
antibody fragment that 
inhibits all isoforms of 
VEGF-A.

£ Phase III data from the 
HAWK and HARRIER trials. 

£ May allow for an extended 
interval between 
intravitreal injections for 
CNV, thus reducing the 
treatment burden.

Brolucizumab

£ CONTRAINDICATIONS
£ Patients w/active intraocular 

inflammation.

£ ADVERSE EFFECTS
£ Retinal vasculitis and/or 

retinal vascular occlusion, 
typically in the presence of 
intraocular inflammation.

£ Patients should be instructed 
to report any change in vision 
without delay.

Re(moving) the Needle Toward 
Sustained Delivery

£ A novel Port Delivery System 
(PDS) with ranibizumab.
£ Approved in Dec 2021

£ Permanent, refillable ocular 
implant. 
£ Refills q6mon

£ Holds 20 microliters of 
ranibizumab (100 mg/mL). 

£ ARCHWAY and PORTAL 
studies validate long-term 
safety and tolerability. 

Ranibizumab Injection for 
Susvimo Ocular Implant

£ The device is placed 
through a 3.5-mm scleral 
incision in the pars plana.

£ CONTRAINDICATIONS
£ Patients with active 

intraocular inflammation. 

£ ADVERSE EVENTS
£ Associated with 3-fold higher 

rate of endophthalmiti s than 
monthly intravitreal injections 
of ranibizumab.

Faricimab
£ Bi-specific Ab that targets the 

VEGF and angiopoietin pathways. 
£ VEGF and Ang-2 inhibitor 

£ There are 2 ligands, Ang-1 and 
Ang-2, and they both affect the 
Tie2 receptor. This receptor is 
critical for the stability of 
vascular tissue. 

£ In nAMD, Ang-2 is upregulated. 
This competes with the Ang-1-
Tie2 signaling, causing vascular 
endothelial tight junction 
breakdown, as well as increased 
inflammation and MNV.

Faricimab
£ Phase 3 studies TENAYA 

and LUCERNE evaluated 
faricimab in nAMD.

£ Both studies achieved 
visual outcomes with 
faricimab that were non-
inferior to those of 
aflibercept (Eylea, 
Regeneron) injections 
q8wks.

£ Also approved for DME.
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Emerging Trend: 
Genetics and Genomics

Region Displayed: 1q25-q31
Chromosome 1

Genetics: ARMD-1

Genetics and AMD

£ Inherited variation in the complement factor H 
gene is a major risk factor for drusen.

£A single-nucleotide polymorphism (SNP) in the 
promoter region of HTRA1 (a serine protease 
gene on chromosome 10q26) is a major risk 
factor for nAMD.
£DeWan, A. Science, November 2006:Vol. 314. no. 

5801, pp. 989 - 992

Genetics and AMD

Marker Allele Odds Ratio Freq 

CFH
H1+H3 (risk)

>15

0.202

Average 0.495

(H2+H4) 0.303

C3 
rs2230199

G (risk)
2.6

0.18

C 0.83

ARMS2 
rs10490924

T (risk)
8.2

0.17

G 0.83

Smoking
Current (risk)

3.14
0.17

Never 0.55

mt A4917G
G (risk)

2.2
0.09

A 0.90

Naturally occurring variations conferring AMD risk

Key AMD-associated Genes

Complement

Oxygen	Metabolism

Extracellular	Matrix

Cholesterol	
Metabolism

Smoking interacts with CFH 
Gene variants to increase AMD 

risk by 5X compared with 
genetically similar nonsmokers.

Am J Epidemiol. 2009 March 1; 169(5): 633–641.

Example of Genomics
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Cigarette Smoking, Ocular & 
Vascular Disease

£ Increased arteriolar 
stiffness (sclerosis)

£ Increased Vascular 
Endothelial Growth 
Factor (VEGF) 
production 

£Development/worsening 
of DR

£Development/worsening 
of AMD

AMD Gene Associations 

£Mutations in the TIMP3 gene
£Metalloproteinase inhibitor 3 gene

£Two variants involved in the HDL cholesterol 
pathway. 
£Human hepatic lipase (LIPC) and cholesterol ester 

transfer protein (CETP).

£Proceedings of the National Academy of Sciences (4/2010)

A BMI over 30 increases 
AMD risk by 2.5X.

Example of Genomics

IS AMD A NUTRITION-
RESPONSIVE DISEASE?

”The AREDS 1 Study resulted in a 
formulation of vitamin C, beta carotene, 
zinc, and vitamin E that reduced the risk 
of progression of advanced disease by 

25% at 5 years.”

Emily Chew, MD, from the National Eye 
Institute in Bethesda, Maryland

AMD and Nutrition
Johanna Seddon, MD (Tufts U)

“ Don’t smoke; follow a healthful diet rich in dark green 
leafy vegetables and low in fat; eat fish a few times a 
week; maintain a normal weight and waist size; 
exercise regularly; and control blood pressure and 
cholesterol.”

“Anyone with signs of intermediate-level macular 
degeneration in both eyes or advanced macular 
degeneration in one eye should also take dietary 
supplements that contain lutein, zeaxanthin, vitamin C, 
vitamin E, and zinc.”
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The Complement Cascade: Inflammation

AREDS 2

AREDS 1 and 2 
Formulations 

£ Vitamin C: 500 mg*
£ Vitamin E: 400 IU*
£ Beta-carotene: 15 mg (May be listed on the label as 

“25,000 IU vitamin A as beta-carotene”) (eliminated)
£Why?

£ Zinc oxide: 80 mg (40 mg)
£Why?

£ Copper: 2 mg (needed to prevent Cu deficiency caused 
by high dosage of zinc)*

£ Lutein & Zeaxanthin (10 mg & 2 mg)
£ Omega-3 fatty acids (1 gram)

Study Subjects: 
AREDS 1 vs AREDS 2

£ All stages of AMD
£ Average age = 69
£ 67% took Centrum 

(no L)
£ Varied diets
£ Varied serum L and Z

£ More advanced stage
£ average age = 74
£ 89% taking Centrum 

Silver (w/minimal L)
£ diet high in carotenoids 

and vegetables
£ higher serum L and Z

These differences could impact the ability 
to detect a more significant reduction in 
progression!

Evidence-based Advice for Patients
QUESTIONS?

pizzimen@uiwtx.edu
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It would be naïve to 

assume that only 6 

vitamins/nutrients are 

important in retinal health 

Emerging Trend:

“Superfoods”

In AMD Prevention and Management

Dietary Sources of 

Lutein/Zeaxanthin

Dietary Lutein and Zeaxanthin:

Eggs have high bioavailability

Lutein Lutein
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Zeaxanthin
Dietary Zeaxanthin:

Gogi Berry

Benefits of Supplementation with Dietary 
Xanthophyll Carotenoids for People 

WITH OR WITHOUT AMD at Any Age

n Ocular structural and visual function development
n Ocular health and visual performance enhancement
n Brain development/health and cognitive performance
n Preserve retinal/macular health by improving MPOD, 

physiology
n Preserve cognitive health 
n Preserve systemic vascular health (DM, CV) 
n Blue light protection

Essential Fatty Acids 
(AMD, CVD, Stroke)

Dietary Vitamin D:

Cod Liver Oil, Sockeye Salmon

n Modulation of cell 
growth

n Neuromuscular 
and immune 
function

n Reduction of 
inflammation 

Blacks need 10 
times more sun

Cancer Belt:

Northern Latitudes

Breast, Prostate, 
Uterine, Colon

Loss of estrogen 
lowers vitamin D

Osteoporosis

Winter Depression
(Seasonal Affective Disorder)

Low vitamin D
Hypertension

Autoimmune Disease
(Rheumatoid arthritis, Lupus)

Organ Transplant 
Rejection

Vitamin D 
Deficiency

Obesity
Carbohydrate 

Crav ing

Loss of muscle tone: heart failure, incontinence, falls

Sunlight in a bottle

4000 IU Needed

90% Vitamin D from 
Sun Exposure

Copyri ght  2005
K nowl edge of  Heal th Inc.

Winter 
Influenza

Rickets
(Children)

Diet provides only 10% of 

RDA of Vitamin D
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• For people aged one to 70 years, the RDA is at least 600 IU.

• For people over 70, RDA is at least 800 IU  Phototrop Study
£ Improvement of Visual Function and Fundus Alterations 

in Early AMD Treated With a Combination of Acetyl-L-
Carnitine, n-3 Fatty Acids, and CoQ10
£ Feher, et.al.
£Ophthalmologica:2005;219:154-166

£ 160 early AMD subjects randomized to Tx and controls
£ 12 months
£ VFMD, foveal sensitivity
£ ETDRS VA, fundus exam
£ All 4 parameters showed statistically significant 

improvement
£ Principle: improved mitochondrial lipid metabolism

CoQ10 Flavonoids are Anti-oxidants, 
CA Fighters

B-carotene, L, and Z Not-so-guilty Pleasures

£ Walnuts favorably affect 
cholesterol levels, reduce 
risk of heart disease.

£ Dark chocolate, red wine 
are rich in antioxidants.

£ Resveratrol enhances 
circulatory health (blood 
flow) and may have 
benefits in certain types 
of cancer.



21

Folic Acid, B6, B12

£ Folic Acid, Pyridoxine, and Cyanocobalamin Combination 
Treatment and Age-Related Macular Degeneration in 
Women: The Women's Antioxidant and Folic Acid 
Cardiovascular Study 

£ William G. Christen, ScD; Robert J. Glynn, ScD; Emily Y. Chew, MD; 
Christine M. Albert, MD; JoAnn E. Manson, MD

£Arch Intern Med. 2009;169(4):335-341.

Folic Acid, B6, B12 in Foods

Folic Acid, B6, B12

£5442 female health care professionals 40 
years or older with pre-existing CV disease 

£Randomly assigned to receive a combination 
of folic acid (2.5 mg/d), pyridoxine 
hydrochloride (50 mg/d), and 
cyanocobalamin (1 mg/d) or placebo. 

£After an average of 7.3 years of treatment 
and follow-up, there were 55 cases of AMD 
in the combination treatment group and 82 
in the placebo group (relative risk, 0.66; 95% 
confidence interval, 0.47-0.93 [P = .02]). 

Behavior Modification

£Physical activity
£Fish consumption
£Greens
£Smaller portions
£Alcohol in moderation
£Nutritional supplements
£Blocking blue light from 

reaching retina

£Sedentary lifestyle
£Smoking
£Excess Alcohol
£High BMI
£HTN, Cholesterol
£Diet low in fish, 

green veggies

Behavior Modification Conclusions

£AMD is on the rise, and it has 
systemic comorbidities and 
implications.

£Diet, nutrition, lifestyle matter.

£We must take proactive steps on 
behalf of our patients. 
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Thank you!

Joe


