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Outline

Why Are Vitamins Important for my Eyes?

Let's Dive in:

• Ocular Surface Disease

o TFOS

o LCD Supplement

o Omega Fatty Acid Supplement

• Digital Eye Strain

• Age Related Macular Degeneration

• Diabetic Eye Disease

• Cataracts
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Ocular Surface Disease
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Dry Eye Disease

➢ Dry eye disease (DED) is a multifactorial disorder characterized by a loss of tear film 

homeostasis that leads to a self-perpetuating cycle of tear film instability,  tear 

hyperosmolarity, and inflammatory events, resulting in ocular surface inflammation and 
injury1–4

➢ The presence of inflammation in participants with DED is associated with increased 
symptomology, including ocular surface irritation, worsening tear dysfunction, and disrupted 

function of ocular components, including the meibomian glands 5

➢ Artificial tears remain the mainstay of DED treatment, but do not address the underlying 

pathophysiology2,6

➢ Nutritional supplementation could meet the patient need for a treatment beyond artificial 

tears7,8,9

DED, d ry eye disease;  

1.  Huan g R, et al.  In t Oph thalmol.  2022;4 2(10 ):3253-3272; 2.  Shep pard  J, et al.  A nn Med. 2023;55(1):241 -252;  3. Bron AJ, et al. Ocul Su rf. 2017;15(3):438 -510;  4. Craig JP , et al.  Ocul Su rf. 2017;15(3):276 -283;  5. Rao  SK, 

et al. In t J Oph thalmol.  2022;1 5(5):820-827;  6. Jones L,  et al. Ocul Su rf. 2017;15(3):575 -628;  7. Pelligrini M, et al.  Nutrients. 2020;12 :952;  8.  Castro-Castan eda CR, et al. Nu trie nts. 2022;14:5014; 5019. Mu z OE, et al. 
Ph armaceuticals (Basel). 2020;13(10): 295 .
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7: Impact of Nutrition on the Ocular Surface

With regards to micronutrients, the major vitamins playing a role in ocular 
surface diseases include vitamin A, B12, C and D. Deficiency of vitamin A is the 
most frequent form of malnutrition that contributes to ocular disease; 

Of the minerals, the levels of selenium in tears have been found to be decreased 
in a dry eye model. 

And, one study reported a relationship between low levels of tear lactoferrin 
and the development of dry eye disease. 
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Micronutrients 

▪Strong evidence1

▪ Vitamin A2,3

▪ Vitamin B12

▪ Vitamin C

▪ Vitamin D

▪Limited evidence
▪ Selenium4

▪ Lactoferrin5

 
1. Fogagnolo P, et al. Nutrients . 2021;13.

2. Marriott BP, et al. Present Knowledge in Nutrition:  Basic 

Nutrition and Metabolism; 2 020.
3. Tei M, et al. Invest Ophthalmol Vis Sci. 2000;41:82-8.

4. Higuchi A, et al.  Sci Rep. 20 16;6:369 03.
5. Sonobe H, et al. Ocul Surf. 2019 ;17:160-6.
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TFOS Lifestyle Workshop Report

• Nutrition and the Ocular Surface Conclusions:

• Good Nutrition is pivotal to good health

• Nutrition impacts ocular surface function

• Consider the available Evidence prior to providing 
recommendations

•

https://contactlensupdate.com/2023/11/03/patient-handout-tfos-
lifestyle-recommendations/
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Hyper Hydration Drink

Provides2-3 TIMES the impact of water alone

Delivers  hydration to your bloodstream and cells more efficiently

Helps to decrease inflammation and improve ocular health.

Blend of vitamins, minerals and anti-inflammatories

Anti-Inflammatory Ingredients to Reduce Inflammation

• Green Tea extract, Turmeric, Taurine, Omega-3 (DHA from algae)

Vitamins have been shown to enhance eye health

• A, B3, B6, B12, C

Electrolytes to improve absorption

• Calcium Lactate. Potassium Chloride, Malic Acid, Sodium 
Chloride, Citric Acid Anhydrous
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Lutein/Zeaxanthin, Curcumin, Vit D3 Formula (LCD)*1,2

*Prod uctio n o f the LCD su pplement in co rpora ted n ovel fo rmulation  techn iq ues, inclu ding micro nization of th e active h erbal ingred ien ts b y  jet milling to red uce p article size, an d a co mbination o f fu nctio nal oils to 
supp ort impro ved ab sor ption in t he small intestin e. †Ap proximately 386 mg of e xcipien ts,  inclu ding fun ct ion al oils to aid ab so rption in the small intestine. ‡Op timized marigold e xtract as a sour ce of lu tein  and  
zeaxan thin at a 5:1 ratio as occur in fru its an d vegetab les. (Mu z at al. Pha rmace uticals (Basel) (2020) 13(10):29.)

1.  Radkar P,  et al.  Oph thalmol Th er.  2021;1 0:581–599;  2. Gioia N, et al. Fr ont Opth almo l.  2024;4 :1362113;  3.  Bernstein  PS , et  al.  Pr og Retin  Eye Res (20 16) 50:34 -66; 4. Cristald i M, et al.  Ap pl Sci (2022) 12(3 ):1268

5.  Castro-Castan eda CR, et al.  Nutrients (2022) 14(23):5014; 6. Davis BM, et al. Sci Rep (20 18) 8(1):11066;   7.  Gorimanipalli B, et al.  Indian J Oph thalmol (2023) 71(4):11 27-1134. 8.  Hwang  JS, et al. Corn ea (2019) 
38(3):304-10; 9. Najjaran M, et al.  Clin  Exp Opto m (2023) 106(3):2 57 62.

Test Ingredient Composition*,† Description/Rationale For Inclusion

Lutein and  Zeaxan th in 

Iso mers

40 mg of mic ronized m arigold concentrate‡ 

providing 20 mg lutein and  4 m g zeaxanthin

• Lutein  and zeaxanthin are carotenoids that are uniquely  con centrated as  pigm ents in the 

human macula and w idely recom mended as dietary supplements for prev enting vision 
loss from age-related macular degeneration.3

• Following ingestion as a supplement, lutein has demonstrated antiox idant and anti -

inflammatory  effects, protecting the retina against  photo-oxidative damage and 

inflammatory  c ytokine production caused by ex posure to blue light. 4 

Curc uminoid s
238 m g micronized 95% c urc umin  extract 

providing 200 mg curc uminoid s

• Curcumin is a polyphenol extracted from turmeric that has established anti-inflammatory  

properties; evidence demonstrates its effect on ox idativ e stress and c ytokine pathw ay s 
implicated in the pathogenesis of ophthalmic conditions such as glaucoma, dry ey e 

disease, and age-related macular degeneration.5, 6 

• In v itro, curcumin c an  reduc e proinflammatory  c ytokines in corneal epithelial c ells and ac t 

as a neuroprotector of retina prec ursor cells.5, 6

Vitamin D3
15 mcg of Vitamin D3 providing 600 I U

• Vitamin D3 is a prohormone, with antioxidant, immunomodulatory , and anti -

inflammatory  properties, whic h can affec t the functions of corneal epithelial c ells, 
including barrier provision and response to inflam mation and infection.7

• In patients with DED , low lev els of v itamin  D3 are associated with increased D ED sev erity , 

poor tear film  stability , and reduc ed tear volume; supplementation has been shown to 

improv e the effic ac y of art ificial tears and reduce disease sev erity , in both v itamin D3-

deficient and non-deficient p atients. 5, 7-9 
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LCD improved DED symptoms, tear homeostasis and inflammation 
in an in vivo model

➢ In a rat model of DED induced by benzalkonium 
chloride, LCD improved corneal morphology, tear 

quantity and quality, and ocular surface health, as 
demonstrated by:
• Improved tear production and tear film stability
• Reduced oxidative stress and inflammatory markers
• Increased production of tear proteins

Mu z OE, et al. Phar mace uticals (Basel).  2020;13(1 0):295.

Corneal histopathology changes

Healthy Tissue Control Dry Eye Model

+ LCD 100 mg/kg + LCD 200 mg/kg
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Two clinical trials have evaluated the safety and efficacy of LCD in 
adult participants with DED
➢ Data in subjects from India (n=30 LCD; n=29 placebo) demonstrated that LCD significantly improved 

tear production, stability, and quality, and reduced inflammation and ocular surface damage in 
patients with mild-to-moderate DED1

➢ A prospective, randomized, double-blind, placebo-controlled study of the efficacy and safety of LCD 

in Dry Eye Disease (DED) was conducted at four centers in the USA2

AE , ad verse eve nt; MM P-9,  matrix metallopr oteinase-9;  OSDI,  Ocular S urface Disease  In dex; SPE ED, St andard  P atien t Evalu atio n o f Eye Dryness; T BUT, Te ar Film Break-Up Time; QD, Once Daily.

1.  Radkar P,  et al.  Oph thalmol Th er.  2021;1 0:581–599;  2. Gioia N, et al. Fr ont Opth almo l.  2024;4 :1362113.

Healthy adults
 with DED

LCD

Placebo

Day 0 Day 14 Day 28 Day 56

Assessments
Tear volume , TBUT, tear osmolarity

OSDI s core, SPEED score, corneal/conjunctiv al staining, 

inflammation (M MP-9), art ificial tear use

(primary end points, baseline to Day 56 )
Safet y endpoints: laboratory assessments, physical exam, and AEsN=155

n=77

Completed study and  

included in analysis

n=57

n=78 n=59

Randomization
One ≈670 mg soft gel capsule of LCD 

or placeb o (soybean  oi l) QD
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Primary Efficacy Outcome: Tear Volume

➢ The overall mean tear volume of both 

eyes was significantly better for the 

LCD group versus placebo at Day 28 
and Day 56

• The LCD group also demonstrated 
significantly better results in left and 
right eyes at Day 28 (P<0.05 for each eye) 
and Day 56 (P<0.001 for each eye), and 
additionally for the left eye at Day 14 

(P<0.05)

Length  of w ettin g Schirmer’s test strips witho ut an aesth esia

Gio ia N, et al. Fron t Opth almo l.  2024;4 :1362113.

Tear volume (Schirmer’s test): mean of both eyes

P<0.01

P<0.001LCD

Placebo

15
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Primary Efficacy Outcome: OSDI Total Score

➢ Improvement from baseline in total 

OSDI score was significantly better 
(lower scores) for subjects in the LCD 
group versus the placebo group by 

Day 14, which was maintained to 

Days 28 and 56

au, arb itrar y units;

Gio ia N, et al. Fron t Opth almo l.  2024;4 :1362113.

P<0.01
P<0.001

LCD

Placebo
OSDI Total Score

P<0.05
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Secondary Efficacy Outcome: TBUT

➢ The LCD group had significant 

improvement in mean TBUT values, 

versus the placebo group, in the left 
eye, right eye, and the mean of both 

eyes at Day 56 (P<0.001 for each)

• At Day 28 values for the left eye and the 

mean of both eyes were also significantly 
improved vs the placebo group (P<0.05)

Gio ia N,  et al. Fron t Opth almo l.  2024;4 :1362113.

P<0.001

LCD

Placebo

TBUT (mean of both eyes)

P<0.05
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Secondary Efficacy Outcome: SPEED Scores 

➢ For subjects in the LCD group, improvement in total SPEED score was significantly better versus the 

placebo group by Day 14, and this improvement was maintained to Days 28 and 56

➢ Scores for the frequency domain mirrored the pattern for total scores and scores for the severity 

domain in the LCD group also decreased from baseline to Day 14 versus placebo; this improvement in 
severity became significant at Day 28 and was maintained at Day 56

Gio ia N, et al. Fron t Opth almo l.  2024;4 :1362113.

Total Scores Frequency Domain Severity Domain

P<0.05 P<0.01 P<0.001

LCD Placebo

P<0.05
P<0.05

P<0.05

P<0.001

P<0.001
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Secondary Efficacy Outcome: Corneal and Conjunctival Staining

➢ Mean corneal and conjunctival staining scores 

significantly decreased for the LCD group 

from baseline to Day 56 versus placebo for the 
overall mean of both eyes

• Staining scores specifically for the right and left 
eyes also significantly decreased in the LCD 
group, versus placebo, at Day 56 (P<0.01 for 
each eye)

Gio ia N.  et al.,  Fron t Oph thalmol.  2024;4:1362 113.

P<0.001

P<0.001

LCD

Placebo
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Secondary Efficacy Outcome: Tear Osmolarity

➢ Tear osmolarity was significantly 

improved for the LCD group, versus the 
placebo group, at Day 56 for the overall 
mean of both eyes

• Osmolarity values specifically for the right 
and left eyes also significantly decreased in 
the LCD group, versus placebo, at Day 56 
(P<0.001 for each eye)

Tear  osmola rity assessed u sing Tear La b Osmola rity S ystem in  si tu osmometer . mOsm/L, milliosmole per  liter.

Gio ia N, et al. Fron t Opth almo l.  2024;4 :1362113.

P<0.001

LCD

Placebo

Tear osmolarity
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Knowing the Osmolarity Score Helps Guide Effective Treatment and Optimize Vision

In creased risk of
refractive instabili ty

High r isk of
refractive instabili ty 

Unlikely to cause  
refractive instabili ty

Normal O smolarity High O smolarity

Significant r isk of
refractive instabili ty

300 320 340 mOsm/L

• Test result will show within 10 seconds

• Elevated readings of >300 mOsm/L indicates abnormal osmolarity1

• Inter-eye differences of  >8 mOsm/L in dry eye disease is a hallmark of tear film instability2

1. Lemp MA, Bron AJ, Baudouin C, et al. Tear osmolarity in the diagnosis and management of dry eye disease. Am J Ophthalmol. 2011 May;151(5):792-798.
2. Craig JP, Nelson JD, Azar DT, et al. TFOS DEWS II Report Executive Summary. Ocul Surf. 2017;15(4):80 2-812.

Increased loss of Tear Film Homeostasis

325 295

Unstable Tear Film

OD OS
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Tear Osmolarity Matters

1. Bron AJ, de Paiva CS, Chauhan SK, et al. TFOS DEWS II pathophysiology report. Ocul Surf. 2017 Jul;15(3):4 38-510. Erratum in: Ocul Surf. 2019 Oct;17(4):842. 

• Increase in tear osmolarity is a central mechanism in the pathogenesis of 
ocular surface damage1

• When hyperosmolarity occurs, salt content can be elevated to toxic 
levels—when left undiagnosed can adversely impact corneal health1

Damaged Corneal Cells

HIGH OSMOLARITY

Healthy Corneal Cells
Broken Cell Junctions Epithelial 

Cell Death

Nerve 
damage

NORMAL OSMOLARITY
I llustrations by Vi rgin ia Ferr ante -Iqbal
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Impact of High Osmolarity

1. Bron AJ, de Paiva CS, Chauhan SK, et al. TFOS DEWS II pathophysiology report. Ocul Surf. 2017 Jul;15(3):4 38-510. Erratum in: Ocul Surf. 2019 Oct;17(4):842. 
2. Huet E, Val lée B, Delbé J, et al. EMMPRIN modulates epithelial  barrier function through a MMP-mediated occludin cleavage: implications in dry eye disease [published correction appears in Am J Pathol. 2011 Nov;179(5):2674]. 

Am J Pathol. 2011;179(3):1278-1286. 
3. Kam W, Sullivan DA, Sullivan BD, Venkiteshwar M. Does hyperosmolarity induce an irreversible process leading to human corneal  epithelial  cel l death? Invest Ophthalmol Vis Sci. 2016 Sept;57(12):6181.
4. Hirata H, Mizerska K, Marfurt CF, Rosenblatt MI. Hyperosmolar tears induce functional  and structural alterations of corneal nerves: electrophysiological and anatomical evidence toward neurotoxicity. Invest Ophthalmol Vis Sci. 

2015;56(13):8125-8140. 
5. Xuan R, Lawless M, Sutton G, Hodge C. Prevalence of tear film hyperosmolarity in 1150 patients presenting for refractive surgery assessment. J Cataract Refract Surg. 2022;48(4):387-392. 
6. Epi tropoulos AT, Matossian C, Berdy GJ, et al. Effect of tear osmolari ty on repeatabili ty of keratometry for cataract surgery planning. J Cataract Refract Surg. 2015 Aug;41(8):1672-7.

Toxic hyperosmolarity damages 
corneal cells and drives 

refractive surprises4,5

Drives 
inflammation2

Drives 
refractive 

instability5,6

Destroys 
epithelial 

cells1-3

Damages 
corneal 
nerves4
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Secondary Efficacy Outcome: Inflammatory Biomarker, MMP-9

➢ There was a significant difference in the 

presence of MMP-9 between the LCD and 

placebo groups, from baseline to Day 56 in both 
eyes 

• Incidence of positive tests in the LCD group was 
‒67.4% (right eye) and ‒61.4% (left eye), but did 
not decrease for the placebo group (+6.7% and 
+8.7% for right and left eyes, respectively)

Pr esen ce of MM P-9 measur ed using th e InflammaDry MM P-9 test kit.

OD, righ t eye; OS, left eye.

Gio ia N, et al. Fron t Opth almo l.  2024;4 :1362113.

LCD

Placebo P<0.001

P<0.001
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Safety

➢ There were no clinically meaningful differences 

detected in blood safety values or resting vital signs 
between the LCD and placebo groups

➢ Two AEs were reported during the study: increased 
nasal bleeding in one subject in the LCD group and 
increased blurred vision in one subject in the placebo 
group.

• The subject who experienced nasal bleeding (3 instances 
prior to discontinuation) reported a history of nasal 
bleeding triggered by vitamin D3 supplementation*

• The single incidence of blurred vision was reported by 
one placebo group subject; this was considered mild in 
severity and not related to the study intervention.

➢ No drug treatments were used to intervene with 
either AE reported in this study and no serious AEs 
occurred.

Gio ia N. et al.,  Fron t Oph thalmol.  2024;4 :1362113.

AEs
LCD

(n=57) n (%)
Plac ebo 

(n=59) n (%)
Overall 

(n=116) n (%)

Subjects reporting at least 
one AE 1 (1.75) 1 (1.69) 2 (1.72)

Total number of AEs 
reported 3 (5.26) 1 (1.69) 4

Total number of SAEs 
reported 0 0 0

Subjects reporting serious 
AEs 0 0 0

Subjects reporting drug-
related AEs 0 0 0

Subjects reporting AEs 
leading to early 
discontinuation

1 (1.75) 0 1 (0.86)

Number of deaths 0 0 0
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LCD significantly improved the signs and symptoms of DED and was 
well-tolerated1,2

➢ Once-daily LCD supplementation in adult subjects with DED significantly:
• improved the production, stability and quality of tears
• reduced ocular surface damage and inflammation
• improved subjects’ DED symptoms

➢ Both studies met their primary endpoints, with significant changes reported in some measures by 2 

weeks

These studies highlight the potential of LCD nutritional support to improve patient experience of 
DED symptoms and address the underlying loss of tear film homeostasis and ocular inflammation

1. Radkar P,  et al.  Oph thalmol Th er.  2021;1 0:581–599; 2. Gioia N,  et al. Fr ont Oph thalmol.  2024;4 :1362113.
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Digital Eye Strain
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Terminology

Digital environment - any technology requiring viewing of a 

digital display for a cognitive task

Digital eye strain (the preferred terminology) – 

the development or exacerbation of recurrent ocular 

symptoms and/or signs, related specifically to digital device 

screen viewing

38
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Diagnosis

Based on symptomology – frequency / severity

No criteria to link to digital device use + 1 symptom required 

 high prevalence 

Typical symptoms include burning, eye pain, headache, eye redness, photophobia, 

tearing, repeated/frequent blinking, heavy eyelids, itching, blurred vision at distance 

and near, double vision, eyestrain, and foreign body sensation

No gold standard; Rasch analysed:

• Computer Vision Syndrome Questionnaire (CVS-Q) 16 symptoms; frequency and 

severity (each on a 0-2 scale), multiplied together and summed for a total score 

out of 36, with a cut off of ≥6 (sensitivity 75.0% and specificity 70.2%)

• Computer‐Vision Symptom Scale (CVSS17) - 17 items exploring 15 different 

symptoms, but with two to four response categories. 

39
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Recommendations from TFOS

Omega Fatty Acid Supplementation:

Modulate systemic inflammatory pathways

Reduce tear pro-inflammatory cytokine levels

Probiotics:

Limited evidence of effectiveness

Anti-Oxidants: 

Increase contrast sensitivity in the macula

No evidence of reduction in Digital Eye Strain

Acquah, Alex M untz, Karim M oham ed-Noriega, Sotiris Plainis, M ic hael R ead, Rony  R . Say egh, 

Sumeer Singh, Tor P. Utheim, Jennifer P. C raig, TFOS Lifesty le: Impac t of the digital env ironment on 
the oc ular surface, The Ocular Surface, Volume 28, 2023, Pages 213-252,
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Age Related Macular 
Degeneration
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Classification of AMD
Classification Characteris tics

Epidemiological classification

Early AMD • Large (≥125 µm) drusen or retinal pseudodrusen, or pigmentary abnormalities

Late AMD • Neovascular AMD or geographic atrophy

Basic Clinical Classification

No aging changes • Absence of drusen
• No pigmentary abnormalities

Normal aging changes • Drupelets only (small drusen ≤63 µm)
• No pigmentary abnormalities

Early AMD • Medium size drusen >63 µm and ≤125 µm
• No pigmentary abnormalities

Intermediate AMD • Large drusen >125 µm and/or Pigmentary abnormalities

Late AMD • Neovascular AMD and/or any geographic atrophy

Age-Related Eye Disease Study (AREDS) simplified severity scale points

0
1
2

3

4

• No large drusen (>125 μm) or pigment changes in either eye
• Large drusen or pigment changes in one eye only
• Large drusen and pigment changes in one eye only; or large drusen or pigment changes in both eyes; or 

neovascular AMD or geographic atrophy in one eye

• Large drusen and pigment changes in one eye; and large drusen or pigment changes in the fellow eye

• Large drusen and pigment changes in both eyes

5959

AMD Oxidation Hypothesis

• Breakdown of antioxidant 
systems in the central retina
➢Aerobic metabolism
➢Light exposure
➢Free radicals
➢Complement factor H

• Antioxidant deficiency may 
predispose to disease

• Importance of antioxidant 
(nutrient) supplementation

Khandhadia S, Lotery A. Oxidation and Age-Related Macular Degeneration: Insights From Molecular 
Biology. Exp Rev Mol Med 2010;12:e34.

60

Protective Antioxidant Systems in the Macula

1. Winkler BS, Boulton ME, Gottsch JD, Sternberg P. Oxidative damage and age -related macular degeneration. Mol Vis. 1999;5:32-42.​

2. Cai J, Kasey C, Nelson MW, Sternberg P, Jones DP. Oxidative damage and protection of the RPE. Prog Retin Eye Res. 2000;19(2):205-

221.​

Primary Defenses

Antioxidant Enzymes
• Superoxide dismutase (SOD)* 
• Catalase*
• Glutathione peroxidase (GSH peroxidase)

* Many are zinc-cont aining molecules or require zin c for  optimal functioning 

Secondary Defenses

Antioxidant Vitamins

• Vitamin C

• Vitamin E 

Macular Carotenoids

Lutein & Zeaxanthin
• Quench singlet oxygen

• Blue light filter

Other molecules

Metallothionein 
 

• Zinc-binding molecule

• Scavenger of free hydroxyl 
radicals 
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Recommendation Diagnoses Eligible                           Follow-up Recommendations

In tervals Testing
Observation with no 
med ical or surgical 
therapies

• Early A MD 
(AREDS category 2)

• Advanced AMD with 
bilateral subfoveal 
geographic at rophy or  
disciform scars

• Return exam at 6─24 
months if asymptomat ic 
or promp t exam fo r new 
symptoms suggestive of 

CNV
• Return exam at 6─24 

months if asymptomat ic 
or promp t exam fo r new 
symptoms suggestive of 

CNV

• No fundus photos or  
fluorescein  angiography 
unless symptomatic

• No fundus photos or  
fluorescein  angiography 
unless symptomatic

Antioxidant vitamin and  
mineral supplements as 
recommen ded  in the 
AREDS report s

• In termediate AMD 
(AREDS category 3)

• Advanced AMD in one 
eye (AREDS category 4)

• Return exam at 6─24 
months if asymptomat ic 
or promp t exam fo r new 
symptoms suggestive of 

CNV

• Monito ring of monocular 
near  visio n 
(read ing/Amsler grid)

• Fundus photography as 

approp riate
• Fluorescein angiography 

if there is evidence of 
edema or other signs an d 
symptoms of CNV

Guidelines for AREDS Supplementation in 
AMD

®/TM are trademarks of Bausch & Lomb Incorporated or its affiliates. Any other brand names or logos are trademarks of the res pective owners.

1. American Academy of Ophthalmology Retina/Vitreous Panel. Preferred Practice Pattern®  Guidelines . Age-Related Macular 
Degeneration. San Francisco, CA: American Academy of Ophthalmology;  2 019. Available at: http://www.aao.org/ppp. Accessed 

July 10, 2020. 61
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AREDS2 

Study Objectives

•Effects of adding high doses of macular xanthophylls 
and/or OM-3 FAs to AREDS on AMD progression and 
cataract 

➢Effects of these supplements on moderate vision loss* 

•Impact of eliminating beta-carotene and/or reducing zinc 
in the original AREDS formulation on AMD development 
and progression

*Doubling of the visual angle or the loss of 15 or more let ters o n t he ETDRS chart

Age-Related Eye Disease Study 2 Research Group. JAMA. 2013;309(19):2005-2015.
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AREDS2

• Randomized, double-masked, placebo-controlled, 2X2 factorial trial
• Enrollment period: Oct 2006 – Sep 2008
• Subjects: 4203 participants, mean age 73 yrs., in 82 clinical sites

➢ Caucasian (4058; 96%), female (2088; 57%)
• Follow up: Annual visits, phone contact 3 moths post randomization 

and every 6 months thereafter
➢ Comprehensive eye exam, BCVA, fundus photography at annual visit
➢ Median follow up period: 4.9 years

• Efficacy outcome measures: 
➢ CGA or CNV in fundus photographs or treatment for AAMD
➢ Loss of ≥ 3 lines from baseline/treatment for CNV

• Safety Outcomes: Serious AEs, mortality

Age-Related Eye Disease Study 2 Research Group. JAMA. 2013;309(19):2005-2015.
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Large Drusen GA NV AMD

AMD Categories in AREDS2  

•Bilateral Large Drusen (65 %)
•Large Drusen in One Eye and Late AMD in Other (35 %)

1. The Age-Related Eye Disease Study 2 (AREDS2) Research Group.  JAMA 

2013;309(19):2005-15 ePu
2. b
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AREDS2

Placebo Lutein/Zeaxanthin DHA/EPA Lutein/Zeaxanthin + DHA/EPA

10 mg/2 mg 350 mg/650 mg 10 mg/2 mg; 350 mg/ 650 mg 

Primary Randomization Agents

Formulation # Vitamin C Vitamin E Beta -carotene Zinc oxide Cupric oxide

1 500 mg 400 IU 15 mg 80 mg 2 mg

2 500 mg 400 IU 0 mg 80 mg 2 mg

3 500 mg 400 IU 0 mg 25 mg 2 mg

4 500 mg 400 IU 15 mg 25 mg 2 mg

Secondary Randomization Agents

AREDS2 protocol; version 5.2, 23 September 2009, accessed at : https://web.emmes.com/study/areds2/resources/areds2_protocol.pdf Feb 2011

Randomization
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AREDS2: Assumptions for the Statistical Plan

• In the original study, AREDS supplementation was associated with a 
25% reduction to advanced AMD compared to placebo for categories 3 
and 4 combined

• AREDS2 was powered to assess a similar further reduction in the 
primary treatment arms compared to control i.e., AREDS supplements

• 5-year progression rates were assumed based on the original AREDS 
as follows: 

➢ An estimated combined  5-year weighted progression rate of ~ 36% 

➢ An estimated 5-year weighted progression rates in primary 
treatment groups of  ~ 28%

• In summary, L/Z and/ OM-3 had to provide an additional 25% reduction 
in the risk of progression, to that provided by AREDS supplementation 
for AREDS2 to meet its primary endpoint  

AREDS2 Re port  1 Ophthalm ology.2012;119:22 82-9;  AREDS2 Research Group JAM A 2013;309(19):2005 -2015
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*Lutein/Zeaxanthin
**AREDS type supplements

† AREDS formula
SOC: Standard of care

AREDS2 Report 1 Ophthalmology.2012;119:2282-2289

Age-Related Eye Disease Study 2

Randomized 

Participants

N=4203

L/Z* + DHA/EPA

N=1079

DHA/EPA

N=1068

L/Z*

N=1044

Control

N=1012

PV AREDS 

(SOC)

N=1148

ATS** 

Formulations

N=3036

No ATS**

N=19

No ß-C & Low Zn
N=825

Low Zn

N=689

No ß-C

N=863 

Hi Zn + ß-C† 

N=659

68

Control: There is no true p lacebo group; all  participants but 19 were also e ither randomized secondarily to one o f 4 
variations o f the AREDS formula or rece ived standard o f care , i.e., PV AREDS  outside of  secondary randomization

Main Effects of L/Z, OM-3, Low Zinc, and BC on 
AMD Progression

With regard to progression to advanced AMD 

• Taking L/Z was shown to be better than not taking 

L/Z

• OM-3 intake conferred no added benefit  

• Differences with low dose zinc and BC were not 
significant

AREDS2 Research Group. JAMA 2013;309(19):2005-2015.

Tr eatment Control

Treatment Main Effect Eyes
Advanced AMD 

Events
Eyes

Advanced AMD 
Events

Hazard Ratio 
(95% CI)

Lutein + zeaxanthin 3451 940 3440 1000 0.91 (0.82-1.00)

DHA + EPA 3491 979 3400 961 0.98 (0.89-1.08)

Low-dose zinc 2468 726 2501 704 1.06 (0.95-1.19)

Beta carotene 2221 647 2212 622 1.07 (0.94-1.20)
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Safety Outcome: Lung Cancer and Beta-carotene 

Beta-carotene No Beta-carotene P value

N = 1348

23 cases (2.0%)

N=1341

11 cases (0.9%)

0.04

• Increased risk for lung cancer with beta-carotene

• Most cases were former smokers (N =31; 91%) who had quit >I year 
prior to randomization

• No similar increased risk reported with L+Z 

AREDS2 Re search Group. JAM A 2013;309(19):2005-2015.
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AREDS2: Summary of Key Findings

•In the primary analysis, adding L+Z and/OM-3 to AREDS-like 
supplements did not further reduce risk of progression to advanced 
AMD as defined by the primary endpoint

•However, in the secondary analyses, beneficial effects were observed 
in patients who received L+Z:

➢Overall, L+Z  supplementation reduced the risk of progression by ~ 10% 

versus no supplementation with L+Z  

➢There was a 26% reduction in risk for progression in those given L+Z who had 

the lowest dietary intake of L and Z  

• These analyses included all groups receiving L+Z, including +/- omega-3, and all AREDS variants

➢Supplementation with an AREDS supplement containing L+Z without BC (vs. 

BC without L+Z) reduced risk of progression by 18%

AREDS2 Re search Group. JAM A 2013;309(19):2005 -2015.
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AREDS2: Summary of Key Findings

•While the study did not test for equivalency between high and low 
dose Zn and between no beta carotene and beta carotene

➢An increased risk of lung cancer in former smokers* was associated with 

beta-carotene 

➢No differences were observed in risk reduction or adverse events for low 

(25 mg) zinc vs. high (80 mg) zinc

– There is not sufficient evidence to change the high zinc recommendation that  

was confirmed in the original AREDS

•Based on the data from AREDS2, the NEI recommends an adjusted 
AREDS formula for AREDS categories 3 and 4

* Quit smoking > 1 year before randomization

AREDS2 Re search Group. JAM A 2013;309(19):2005 -2015.
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NEI Recommended AREDS2 

formulation 

o Vitamin C (500 mg)

o Vitamin E (400 IU)

o Beta Carotene (15 mg)  

o Lutein (10 mg)/Zeaxanthin (2 mg)

o Zinc (80 mg zinc oxide)

o Copper (2 mg cupric oxide)

o Omega 3 fatty acids (DHA/EPA)

AREDS2: Recommendation 
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AREDS2 Follow-on Study

AMD, age-related macular degeneration; AREDS2, Age-related Eye Disease Study 2; LCPUFA, long-chain polyunsaturated fatty acid.

Chew EY, et al. The Results of the 10 Year Follow-on Study of the Age-Related Eye Disease Study 2 (AREDS2). Invest. Ophthalmol. Vis. Sci. 
2021;62(8):1215

Final follow-up for subset of AREDS2 participants: 10-years

N=3,887 (6,360 eyes)

Patients randomized to receive lutein/zeaxanthin and/or 
omega-3 fatty acids or placebo
Secondary randomization for 0 or 15 mg beta-carotene and 25 vs 80 mg zinc

Follow-up with AREDS2 participants by phone every 6 months for 
5 years to collect safety data

Objectives
Assess the long-term effects of adding 

lutein-zeaxanthin and omega-3 fat ty 
acids to AREDS supplements on:

AMD progression

Incidence of adverse side effects

74

At 10 years, Participants Taking AREDS 2 Supplements 
with L/Z Had ~10% Reduced Progression to Late AMD

AMD, age-related macular degeneration; AREDS2, Age-related Eye Disease Study 2 ; CI, confidence in terval; DHA, docosahexaenoic acid ; EPA, eicosapentaenoic acid; 
L/Z, lu te in/zeaxanthin.
Chew EY, e t al . The Results of the 10 Year Follow-on Study of the Age-Related Eye Disease Study 2 (AREDS2). Invest. Ophtha lmol. Vis. Sci. 2021;62(8):1215

Significant effect 
of L/Z also appears 
at 5 years

Factorial design by the 4 treatment arms

Treatment

No. Eyes 
(No. 

Events)

Hazard Ratio 
(95% CI)

Lutein/Zeaxanthin

P Value

DHA/EPA

Lutein/Zeaxanthin
+DHA/EPA

Control

1592 (739)

1618 (788)

1591(739)

1691(439)

0.88 (0.79-0.99)

0.97 (0.87-1.09)

0.92 (0.82-1.03)

0.04

0.65

0.13

0.8 0.8
5

0.9 0.9
5

1 1.1
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Participants Taking AREDS 2 Supplements with L/Z (vs Beta-carotene) Had 
~20% Reduced Progression to NV AMD (10 Years)

AMD, age-related macular degeneration; AREDS 2, Age-related Eye Disease Study 2;B-C, beta-caro tene;  CI, confidence interval ; L/Z, lu te in/zeaxanthin; NV, neovascular; 
OCT, optical coherence tomography.
Chew EY, et al . The Results of the 10 Year Follow-on Study of the Age-Related Eye Disease Study 2 (AREDS2). Invest. Ophthalmol. Vis. Sci. 2021;62(8):1215

Hazard Ratio (96% CI)

Significant effect 
of L/Z (vs beta-carotene) 
also appears at 5 years

Neovascular AMD

L/Z Main Effect

AREDS-S+L/Z w/o B-C vs

AREDS-S+B-C

Geographic Atrophy

L/Z Main Effect

AREDS-S+L/Z w/o B-C vs

AREDS-S+B-C

0.91 (0.81-1.01)

0.81 (0.68-0.98)

0.96 (0.86-1.07)

1.06 (0.87-1.30)

0.7 0.8 0.9 1 1.1 1.2 1.3
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Effects of AREDS 2 Supplements at 10 Years:
Risk of Lung Cancer

AREDS2, Age-related Eye Disease Study 2; CI, confidence in terval; OR, odds ratio.

As previously shown 
in the AREDS2 study, 

beta-carotene at 
10 years significantly 

increased the risk of 

lung cancer—nearly 
doubling the rate

Lutein vs no lutein

• OR: 1.15 (95% CI: 0.82-1.71; P = 0.46)

• Subgroup for lutein vs beta-carotene:

‒ OR: 1.00 (95% CI: 0.54-1.83; P = 0.99)

Beta-carotene vs no beta-carotene

• OR: 1.8 (95% CI: 1.11-3.31; P = 0.03)
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NEI Recommends an AREDS 2 Nutrient Formula for 
Patients with Moderate to Advanced AMD 

®/TM are trademarks of Bau sch & Lomb  In co rporated  or its affi liates.  Any o ther bran d names or logo s are trademarks of the res pective o wners.
AMD, age-related macular degeneration; AREDS2, Age-related Eye Disease Study 2, NEI, National Eye Institute

Nutrients Amount per day

Beta- carotene 0

Vitamin  C 500 mg

Vitamin  E 400 IU

Zinc 80 mg

Cop per 2mg

Lutein 10 mg

Zeaxan thin 2 mg

Omega-3 fatty acids 0

The NEI recommends 
that these patients take a vitamin formulation that 

contains the exact amount of all 6 nutrients based 

on the AREDS2 clinical study
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Diabetic Eye Disease
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Omega 3 Fatty Acids

N = 43

Type I diabetics

1,800 Omega 3 Fatty Acid supplement

Length of time = 180 Days

Oral omega-3 fatty acid supplements, in various formulations, have been extensively investigated as a potential 
therapy for dry eye disease. These agents are generally considered to modulate systemic inflammatory pathways, and 
have been shown to reduce tear pro-inflammatory cytokine levels in patients with dry eye disease [568] and promote 
corneal nerve regeneration in individuals with diabetes

O3FA supplements impart corneal neuroregenerative effects in type 1 diabetes, indicating a role in modulating 
peripheral nerve health.

A.C. Britten-Jones, J.T. Kamel, L.J. Roberts, S. Braat, J.P. Craig , R.J. MacIsaac, et  al. Invest igat ing the neuroprotec tive effect of oral omega-3 fatty acid supplementat ion in ty pe 1 diabetes 

(nPROOFS1): a randomized placebo-controlled trial Diabetes, 70 (2021), pp. 1794-1806
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Vitamins recommended to support Diabetic Retinopathy (DR)

DR from both type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) have similar retinal findings 
and responses to nutritional therapies.

Conventional therapies to reduce disease risk and severity.  Optimal combinations are identified for protecting the 
retina and choroid:

Vitamins B1, B2, B6, B12

Vitamin C, D, E

Lutein

Zeaxanthin

Alpha-lipoic acid 

N-acetylcysteine

Shi C, Wang P, Airen S, Brown C, Liu Z, Townsend JH, Wang J, Jiang H. Nutritional and medical food therapies for diabetic retinopathy.  Eye Vis (Lond). 
2020 Jun 18;7:33. doi: 10.1186/s40662-020-00199-y. PMID: 32582807; PMCID: PMC7310218.
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Cataracts
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Cataracts and Vitamins

Dietary supplements containing beta-carotene (vitamin A), vitamin C or vitamin E can neither prevent age-related 

cataracts nor slow the progression of the condition.

The researchers analyzed 9 studies

N = 120,000 people 

Ages = 35 - 85. 

Vitamins Studied: Vitamin C, E and/or beta-carotene

Study Length = up to twelve years.

Results = Oral vitamin supplements are not effective against cataract formation

Institu te for Qu ality and  Efficien cy in Health  Car e (IQWiG); 2006-.  Catar acts:  Research summ aries – Can vit amin  su pplements h elp  main tain  your  visio n? [Updated  2022 No v 22]. Availab le from: 
http s://w ww.ncbi.n lm.nih.gov/boo ks/ NBK390313/
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Cataracts are caused by Oxidative Stress

Oxidative stress and the subsequent oxidative damage to lens proteins is a known causative factor in the initiation 
and progression of cataract formation, the leading cause of blindness in the world today.

Antioxidants have been trialed as therapeutic options to delay cataract formation

Yet a formulation does not exist.

Lens is an avascular tissue

Lens receives it nutrients and antioxidants from the aqueous and vitreous

Hypothesis:

Lens cannot rely on passive diffusion alone to deliver nutrients to the distinctly different metabolic regions

Instead, it could utilizes an internal microcirculation system to actively deliver antioxidants

Key to product development:

Selecting antioxidants that can utilize this system will lead to developing novel nutritional therapies which would 
delay the onset and progression of cataracts.

Braakhuis AJ, Donaldson CI, Lim JC, Donaldson PJ. Nutritional Strategies  to Prevent Lens Cataract: Current Status and Future Strategies. Nutrients. 2019 
May 27;11(5):1186. doi: 10.3390/nu11051186. PMID: 31137834; PMCID: PMC6566364.
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N-acetylcysteine Drops to Reduce Cataracts?

Equilibrium between the production of reactive oxygen species and their scavenging is disrupted,

Free radical generation overwhelms the endogenous antioxidant stores

Leads to oxidative stress-related eye disorders and aging.

Results of studies investigating the efficacy of antioxidant supplementation have been mixed or inconclusive

Future research is needed to highlight the potential of antioxidant molecules and to develop new preventive 
nutritional strategies.

Rodella U, Honisch C, Gatto C, Ruzza P, D'Amato Tóthová J. Antioxidant Nutraceutical Strategies in the Prevention of Oxidative Stress Related Eye 
Diseases. Nutrients. 2023 May 12;15(10):2283. doi: 10.3390/nu15102283. PMID: 37242167; PMCID: PMC10221444.
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Vision Expo Has Gone Green!

We have eliminated all paper session evaluation forms.  Please be sure to 

complete your electronic session evaluations online when you login to 
request your CE Letter for each course you attended!  Your feedback is 
important to us as our Education Planning Committee considers content 
and speakers for future meetings to provide you with the best education 
possible.

On behalf of Vision Expo, we sincerely 
thank you for being with us this year.


