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WHILE ~750 CAROTENOIDS ARE FOUND IN NATURE, ONLY 

TWO ARE CONCENTRATED IN THE RETINA

<50 Primary 
Carotenoids

~20 Carotenoids

Dietary carotenoids – 
Lutein and Zeaxanthin – 
are concentrated in the 

eye and brain

~750 
Carotenoids

≈ 75 % of carotenoids in 

infant’s brain is lutein and 

zeaxanthin

CAROTENOIDS IN RETINA-XANTHOPHYLLS

Photomicrograph courtesy of  Dr. Joanne Curran-Celentano.

Zeaxanthin to lutein ratio in central retina is 2.5:1

MPOD is a neural biomarker

Vishwanathan R, Schalch W, Johnson E J.Nutr Neurosci. 2016;19(3):95-101
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IMPORTANCE OF CAROTENOIDS IN 

DEVELOPMENTAL YEARS
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1. Carotenoids—especially lutein, zeaxanthin, and β-carotene—are concentrated in the developing 

retina and brain and likely support visual and cognitive development in children.

2. Higher carotenoid status (diet, serum, skin, or MPOD) is consistently associated with better 

cognitive performance, including memory, executive function, reasoning, and academic 

achievement.

3. Human milk provides carotenoids that are more bioavailable than those from most fortified 

infant formulas, leading to greater delivery to the infant eye and brain.

4. Macular Pigment Optical Density (MPOD) is a promising, noninvasive biomarker of retinal and 

possibly brain carotenoid status, with links to visual and cognitive outcomes.

5. Current evidence is encouraging but largely observational; more long-term randomized 

controlled trials are needed to establish causation, optimal dosages, and clinical 

recommendations for children.
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SCREEN TIME 

STRESS AND 

COGNITIVE 

PERFORMANCE

FRONTIERS IN NUTRITION

 Visual health score (VHS) was a composite score 

developed from 4 most correlated/predictive 

parameters

1. Total score of eye fatigue, 

2. Visuognosis persistence, 

3. Macular pigment optical density (most 

predictive)

4. Schirmer’s test

SCREEN TIME ISSUES- PREDICTION AND PRECISION NUTRITION

Most individuals 
67.24% need high 

dose of carotenoids – 
14 mg lutein 
equivalent 

29.31% may take a 
lower dose – 10 mg 

lutein equivalent

3.45% cannot be 
helped

MANAGEMENT OF DIGITAL EYE STRAIN

 Refraction

 Dry eye issue 

 Accomodation / convergence

 Ergonomics 

 Regular break

 Blinking

 Working distance

 Light levels

 MPOD is low

 Need at least 13 mg of 

carotenoids probably 24 

mg/day for 6 months to year

 Increase it to 0.5 du or higher

 If at 0.5 increase 0.15 du
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CAN NUTRITION PROVIDE 

SIGNIFICANT DRY EYE RELIEF
Visual Tasking 

(e.g., PC use)

Arid Conditions
(e.g., Midwest)

Make up and lash 
serums

Windy 
Environments

(e.g., AC, forced heat)

Alcohol
(e.g., beer)

Pollutants
(e.g., exhaust, smog)

Identify Environmental Factors 
that may exacerbate DED

Thorough medication history

• Antihistamines, decongestants, 
antidepressants

• Eyedrops – GLAUCOMA!

Systemic history

• Sjogren’s

• Rheumatoid

• Rosacea

• Thyroid dysfunction

• Lupus

• Hormonal changes

Other underlying high-risk diseases 
or medications?

Identify Systemic and Medication Factors 
that may exacerbate Dry Eye Disease

MILD TO MODERATE DRY EYE TREATMENT

CAN WE MEASURE BLOOD OMEGA -3? ABSOLUTELY
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What role do Omega 3 fatty acids play in dry eye ?

Decrease inflammation; increase quality of 
tear film1

Reduction of dry eye symptoms1

Faster epithelial healing & visual recovery 2

Regeneration of corneal nerves3

1. Epitropoulos, Al ice T, Donnenfeld, Eric D., et a l ., Effect of Ora l  Re-esterified Omega-3 Nutri tional Supplementation on Dry Eyes . Cornea 2016 Sep: 35(9):  1185-1196 

2. Ong NH, Epithelial healing and visual outcomes of patients  using omega-3 ora l nutri tional supplements before and after photorefractive keratectomy: a  pi lot s tudy Cornea.2013 Jun;32

3. He J,Bazan HE.Omega-3 fatty acids in dry eye and corneal nerve regeneration after refractive surgery. Prostaglandins Leukot Essent Fatty Acids .2010;82(4-6):319-325. 

Meibum Expression and Analysis 
                       before and after Omega 3 supplementation

Meibum expressed and analyzed before and after supplementation with
 Omega-3 fatty acids (1680mg EPA/560mg DHA).  

Results after 8 weeks supplementation:

82% of patients treated showed the EPA and DHA in the meibum

70% of patients became completely asymptomatic! 100% felt better!

Significant improvement in TBUT, staining, and osmolarity!

S. Gregory Smith MD, Attending Surgeon Wills Eye Institute 

Presented at 2011 Cornea Society/EBAA Fall Educational Symposium

Blind Randomized Placebo Controlled Research

Study Design

• Multicenter

• Prospective

• Interventional

• Randomized

• Double-Masked

• Placebo Controlled

Subjects

• 105 completed study

• 54 in treatment group (received 2 

grams re-esterified Omega-3)

• 51 in placebo group

• Average Age: 56.8 Years

• Gender: 71.4% female

Tear Osmolarity & MMP-9 Change from Baseline

Tear 

Osmolarity

(N=105)

Screeni

ng

Baseline 

(Week 0)

Week 6 Week 

12

Change 

from 

Baseline

Omega-3 326 326 309 307 -19

Placebo 326 326 317 318 -8

p-value* 0.042 0.004 0.004
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MMP-9  biomarker 

(N=105)

Baseline Week 12

Omega-3 28 9

Placebo 20 13

p-value* 0.024

OSDI & TBUT Change from Baseline by Visit

OSDI (N=105) Baseline Week 6 Week 12 Change from 
Baseline

Omega-3 32 21 15 -17

Placebo 27 20 22 -5

p-value* 0.285 0.002 0.002

TBUT(n=105) Baseline Week 6 Week 12 Change from 
Baseline

Omega-3 4.78 6.64 8.25 3.47

Placebo 4.61 5.55 5.81 1.20

p-value* 0.126 0.002 0.002

2240 mg rTg form for 3 months

 

Statistical significance:

✓ Tear Osmolarity        ✓Omega Index

✓TBUT          ✓MMP-9

✓OSDI  

1000 mg EE form for 5.3 years

23,523 participants

No significant difference between the 
supplemented group and the non supplemented 
group in the incidence of dry eye disease
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IS HIGH OMEGA -3 OUR ONLY OPTION?

• Omega -3 important anti inflammatory, Vitamin E along side works 

synergistically 

• Vitamin A is crucial for epithelial integrity and mucin

• Turmeric is an excellent anti inflammatory  inhibits MMPs

• Systemic inflammation can also be an important issue

• Green tea

• Vitamin D 

• Mixed Tocotrienols/Tocopherols

NUTRITION AND DRY EYE

• 8 weeks
• Dry eye confirmed by diagnostic 

markers and symptoms

The Ocular Nutrition Impact on Tear Film (ONIT) Study

• Advances in Ophthalmology and Visual System

45% 
Improvement

33% Improvement

Mulqueeny SP, Davis RL, Townsend WD, et al. The ONIT study–ocular nutrition impact on 
tear film. Adv Ophthalmol Vis Syst. 2015;2(2):55-61. DOI: 10.15406/aovs.2015.02.00038

NIGHT VISION AND CAROTENOIDS

Aim: 

Can carotenoid improve night vision and comfort in 

driving in individuals that complain of nighttime driving 

issues?
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https://doi.org/10.15406/aovs.2015.02.00038
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RESULTS

 Improvements in contrast sensitivity with glare in both eyes 

 Monocularly tested glare recovery time improved 2.76 and 2.54 s, respectively, (p = 
0.008 and p = 0.02),

 decreased preferred luminance required to complete visual tasks

 Improvements in UFOV scores of divided attention (p < 0.001) and improved 
composite crash risk score (p = 0.004) were seen in the supplemented group. 

 The placebo group remained unchanged.

927 participants (No AD ) were followed up for 7 years- Rush 
Memory and Ageing project
AD neuropathy was assessed in 508 deceased participants

Results were controlled for Age, sex, education, cognitively 
stimulating activities, physical activities, Apolipoprotein

THANK YOU!

Pinakin Davey OD, PhD, FAAO, FARVO

Professor & Director of Clinical Research

Western University of Health Sciences 

College of Optometry

pdavey@westernu.edu

909-469-8473

37 38

39

mailto:pdavey@westernu.edu

	Slide 1: Nutrition for the young and not so young
	Slide 2: Disclosure
	Slide 3: While ~750 Carotenoids Are Found In Nature, Only Two Are Concentrated In The Retina
	Slide 4: Carotenoids in retina-Xanthophylls
	Slide 5: MPOD is a neural biomarker
	Slide 6: Importance of carotenoids in developmental years
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13: Screen time stress and cognitive performance
	Slide 14: Frontiers in nutrition
	Slide 15
	Slide 16
	Slide 17: Screen time issues- prediction and precision nutrition
	Slide 18: Management of Digital eye strain
	Slide 19: Can nutrition provide SIGNIFICANT DRY EYE RELIEF
	Slide 20
	Slide 21
	Slide 22: mild to moderate dry eye treatment
	Slide 23
	Slide 24: Can we measure blood omega -3? absolutely
	Slide 25
	Slide 26: Meibum Expression and Analysis                         before and after Omega 3 supplementation 
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31: Is high Omega -3 our only option?
	Slide 32: Nutrition and Dry eye
	Slide 33: Night vision and Carotenoids
	Slide 34
	Slide 35
	Slide 36
	Slide 37: Results
	Slide 38
	Slide 39: Thank You!

