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DREAM study
DRy Eye Assessment and
Management (DREAM)

Supplementation with high dose fish oil or
olive il helped dlleviate the symptoms and
improve objective signs of ciy eye disease
(DED) similarty

RCT
N -sponsored study

Fish ol (2,000 mg EPA and 1,000 mg DHA
daily) or refined olive oil (5,000 mg daily,
intended s a placebo)

12-month period
329 patients - omega-3 group
170 patients - olive oil group
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DREAM

= Adjunct therapy in DED
= Structured to model “real world" conditions
= Participants could use current DED therapies

= Artificial tears, prescription cyclosporine drops, warm lid soaks and fish
oil supplements if less than 1,200 mg EPA + DHA daily
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Improvement in OSDI

= Mean change from baseline for OSDI
= 13.9 points in the omega-3 group

= 12.5 points in the placebo group

Not statistically significant

61% of the omega-3 group and 54% of the control group achieved at least
a 10-point reduction in the OSDI score

No significant differences between groups in DED signs (conjunctival and
corneal staining scores, TBUT, Schirmer's test)




Olive oil - a true placebo?
Was the effect due to the activity of the oil itself2

= Oleic acid - predominant fatty acid in olive oil

= Substitute a modest amount of oleic acid for saturated or trans-fatty
acids in the diet significantly decreases IL-6 2

= Pro-inflammatory cytokine and biomarker in DED

25050 4 o1\ oNion facias inat promots o etard infammation Arteriascler Thiom b Vasc Slol 26:995-1001. 2006
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Olive oil - a true placebo?

Was the effect due to the activity of the oil itself2

= Palmitoleic acid (0.3 to 3.5%) — small amount in olive oil
= Fatty acid with anti- inflammatory properties

= Oral palmitoleic acid

= Preserved fear secretfion

= Suppressed inflammatory cytokines of lacrimal gland
= Murine model of dry eye

Nakamura $ et al. Restoration of tear secretion in a murine dry eye model by oral adminisiration of palmitoleic acid. Nutrients. 9:364, 2017.

DREAM study lessons

Both treatment and placebo groups improved over fime
= Heterogeneous study population
= DED is a complex and multifactorial disease state
= Difficult o measure the effect of a single, non-specific infervention

Traditional measurements used (OSDI and Schirmers) have limited sensitivity
and specificity

= Limited by the type of measurement

= The results were not expected

= Isit the freatment that doesn't work, or are we just not using the right measuring
stick?

Loura Perimon. MO Ophinaimsioay Managamen Juns 2018




DREAM study lessons

= Perhaps we shouldn't lump dry eye together into a few types
= Perhaps dry eye is actually a dozen different subtypes
= Need better tests to

= More precisely categorize patient subtypes

= Rule out comorbidities and masqueraders

= Measure disease state activity in response fo therapies

Laura Periman. MD Opnihaimology Management June 2018

3/29/19

What your patient sees when you tell
them to buy an omega 3...

Slide credit Nathan Schramm, 0D, CNS, FSLS
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Omegas and Dry Eye: More Knowledge, More Questions. Hom, Milton; Asbell, Penny;
Barry, Brendan Optometry & Vision Science. 92(9):948-956, September 2015. DOI:
10.1097/0PX.0000000000000655

Side credit Nathan Schramm, OD, CNS, FSLS|
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Omega-3 fatty acids and dry eye
disease

Omega-3 fatty acids glossary of terms

= Alpha-linolenic acid (ALA) - omega-3

Linoleic acid (LA) - omega-6
= Docosahexaenoic acid (DHA)

= Eicosapentaenoic acid (EPA)
= Arachidonic acid (AA)
= Gammarlinolenic acid (GLA)

= Dihomo-gamma-iinolenic acid (DGLA)

DHA and EPA

= DHA and EPA are formed when fish eat algae and are found in the
triglyceride form 1.2

= A friglyceride consists of a three-carbon glycerol “backbone” with each
/ carbon linked to a fatty acid molecule.

= Each friglyceride molecule contains three fatty acids.

= In normally produced fish oil - 20% to 30% of the fatty acids are EPA and
DHA

= Highly concentrated oils - 60% to 85% EPA and DHA

= Check the label for the actual EPA/DHA concentrations in a formula

, Barassi MC, ef ol. Diefary infake of fish vs. formulations leads fo higher plasma -3 faty acids. Lipids. 2003 Apr38(4):4158.
\adsen P. Maller M. et al. Bioavalabiity of marine n-3 fatty acid formulations. Prostaglandins Leukot Essent Fatty Acids. 2010 Sep:83(3):137-41

Anti-inflasmmatory Fatty Acids
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There's a lot going on on this chart s,
So let's look at things one at a time. -jm
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(“good”)
Prostaglandins
2016, Zac Denning, ScienceBased Health, , .com




Anti-inflammatory Fatty Acids

ALA & LA:

Most abundant omega 3/és
_, in diet. Both must convert to
linolenic (ALA) SR T*= other omegas to effect
inflammation, but are
inefficiently / inconsistently
converted (due to rate-
limiting enzyme), reducing
their effectiveness
(example: only 10-20% of
ALA converted)

torslinhibiting;
B&/Mg] encyianstiaisihigh
idlarihiifistan
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Anti-inflammatory Fatty Acids

EPA & GLA
are the powerhouses of
the omegas - they are
effective precursors of
anti-inflammatory
compounds

(DHA s aiso precursor o a profectin, NPDI ~though
no dry eye role for NPD1 is established)

m. b

Series 1 ("good”)
Prostaglandins

Anti-inflasmmatory Fatty Acids

Flaxseed oil
provides ... mostly
ALA (plus small
amount of LA)

Both inefficiently
used

2016, Zac Denning, Sciencesased Healih, zoenning @sbh.com




Anti-inflammmatory Fatty Acids

3
Fish oil provides EPA &
EPA and DHA

Efficiently used,
good health
benefits overall
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Anti-inflammmatory Fatty Acids

Black currant seed oil
provides GLA (plus ALA
& LA). GLA efficiently
reduces inflammation
through a unique
pathway — and with dry.
eve specific effects
GLA is not obtainable
through diet, fish or flax.

GLA Targeted Action for Dry Eye:
lacrimal production

= GLA is precursor of an anti-inflammatory prostaglandin,
PGE1

» PGE1 found in tears, lacrimal gland & conjunctiva (1,2)

D ) CED wmmh  (FED)

2016, Zac D Health,




Gammoao-linolenic acid (GLA)

= GLA improves markers of inflammation / inflammatory mediators in dry eye

= GLA may reduce inflammation in other diseases
= Rheumatoid arthritis, IBD, dermatitis and diabetic retinopathy
/= Possibly by acting on T-cells to modulate the immune response
= Suggests anti-inflammatory Potency:
= 2,000-3,000 mg omega-3s usually required to have significant effect

= In contrast 235 mg of GLA significantly reduced 2 different inflammatory
markers in the HydroEye trial (n=38)

€216, Zoc Denving felth, zdenning@sbh.com
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GLA

= GLA, unaccompanied by fish oil, has been found to alleviate dry
eye symptoms

= |ncrease tear production and improve CL discomfort in CL
associated dry eye!

= Reduce ocular surface inflammation in Sjogren's syndrome?2

= GLA with eyelid hygiene, decrease eyelid margin inflammation
and improve symptoms in mgd more than either treatment
alone?

= Post-menopausal women (HydroEye)+

= Mild-moderate DED $

GLA

= Studies show GLA (alone, or with modest amounts of EPA and
DHA) improves dry eye signs and/or symptoms

» EPA is added to GLA-supplemented diets to
= Prevent accumulation of arachidonic acid

= Decrease levels of pro-inflammatory prostaglandin E2 produced
from arachidonic acid




Omegao-3 and Omega-6 Ratio

= Omega-3 leads to an anti-
inflammatory prostaglandin

= Sounds good?
= We also need pro-inflammatory
prostaglandins to fight off
~ infections, diseases and a whole
host of conditions.

= |deal ratio of omega-6 to omega-3
is about 4/1

Standard American diet ratio
closerto25to 1

Thus, the pro-inflammatory
pathway is pushed to the chronic
inflammatory state

jvecli KA Dana MR et dl. AM J Gin Nutr, 2005
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KT, McClellon L et d. omeg asufficient therapy for 2

Omega-3 and Omega-6 Ratio

With Omega-3 balance, the omega-3
molecules of DHA and EPA will block the
conversion to AA

Allow omega-6 molecules GLA and DGLA to
y convert to a mucus-specific anti-
inflammatory prostaglandin E1

Thus, reducing inflammation in all mucous
membranes in the body

Reduces inflammation in the tear film

Image TFOS DEWS I

Too much Omega-3

= Not good!

= Fish oil is a blood thinner

= |ngesting excessive amounts could lead to easy bruising and other
blood-thinning effects

= Better fo reduce the amount of omega-6 fatty acids while
moderately increasing the omega-3 fats in our diet




Foods High in Vitamin A (With Benefits)

Vitamin A

4
Kale Papays
Red Bell Popper  Spinach Tomatoes

= Vital for comeal and conjunctival epithelial cell
health

= Necessary for the immune system to function

= Needed for goblet cell and lacrimal gland

production of a variety of mucins for the base layer
of the tear fim

Sources of Vitamin A

= Red, orange. yellow, and dark green leafy
vegetables

o H.Onta T ot ol Etficacy o retinol par
Ubss I 0ar\s X . BigoriBw. of ol Nucieo

In rabbit with lacrm ol gland résection. Clin Ophihalm o, 2012i6:1585-93,
1 glan. Cr Eye es. 1995 Nov.14(11]:105-62.
(b, Curr Eye Raz. 1984 Juna(6):15-22.
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Vitamin A Deficiency

= Begin as dry eyes

Progress to becoming the leading cause of preventable childhood
blindness

Vitamin A deficiency almost never seen in the developed world
= Reports of intentional vitamin A deficiency

= Areport from the 1960s

= Aman deliberately ate a vitamin A-deficient diet

= Lived off of bread and lime juice for five years

= His eyes developed corneal vascularization and ulceration of the cornea

Vitamin A Deficiency

= Report of a woman in a cult
= Lived off of brown rice and herbal tea
= Her eyes literally melted and collapsed
= Report of autistic children
= Refused fo eat anything but French fries or
/" exclusively bacon, blueberry muffins, and
Kool-Aid

= Became vitamin A deficient

Report from the Bronx
= Child refused to eat vegetables

= Ate only potato chips, puffed rice cereal with
non-fortified soymilk, and juice drinks
= Became vitamin A deficient

1. sunilKarange. Supt Jagtap and Richard 1
811 ol 10,5641 1326

10



Vitamin Bé

= One of the nutrient co-factors required to push the metabolic
pathway conversion of GLA to DGLA.1.2

= Required for the neuronal blink response.3

S w "
= Sources of Vitamin Bé &5 % Ve
= Nuts, bananas, and beans S ’ﬁ ,‘.,(7;

ey Sl

e ke S0

prostagiandin metabalim in Sgren‘s syndrama. systamic sclarasis and meumatold arthis. Scand J Reum ofol Supp. 1986:61:242-5
Dual ifluance of aging and vitamin 56 daficlancy on dalta-é-assaturation of sssantial ity acia: i raf ivar micrazames. Prostaglandins Laukor Essent
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Vitamin B 12

= Also called cobalamin
= Water-soluble vitamin
= |nvolved in the metabolism of every cell of the human body

= Cofactor in DNA synthesis, and in fatty acid and amino acid
metabolism

= Sources
= Fish, meat, pouliry, eggs, milk
= Clams, sardines, tuna

). "Choprers. Cobort. ntial Melal lons and Human Diseases. Metallons n Lie Sciences

Sigel RK Interelations betwaen

Vitamin B12 deficiency and
neuropathic ocular pain (NOP)

Study of vitamin B12 deficiency on NOP and symptoms in patients with DED
= 90 patients with severe DED without using ATs

= Group 1 (n=45)

= Severe DED and vitamin B12 deficiency

= Received parenteral vitamin B12 supplement + topical freatment (ATs +
cyclosporine)

= Group 2 (n =45)
= Severe DED and normal serum vitamin B12 level

= Received only fopical treatment (ATs + cyclosporine)

( OphinGMal 2017 Mar 15. ok 10.1007/500417-017-3632-. [Ep ot prinn)
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Vitamin B12 deficiency and
neuropathic ocular pain

= OSDIscore

= 3rd OSDI question score (have you experienced painful or sore eyes during
last week?)

F = TBUT
= Schirmer's

= Improved after 12 weeks (p < 0.001 for each group)

= Group 1 mean vitamin B12 level at enrollment was 144.24 £43.36 pg/ml
= Group 2 mean vitamin B12 level at enrollment was 417.53 +87.22 pg/ml

= Group | reached 450 £60.563 pg/ml after 12 weeks of treatment

Ozen's, Ozer MA, Akdemir MO. Vitamin B12 deficiency evaluation and treatment in severe dry eye disease with neuropathic ocular pain.
h Clin Exp Ophthalmol. 2017 Mar 15. doi: 10,1007/500417-017-3632.y. [Epub ahead of print]
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Vitamin B12 deficiency and
neuropathic ocular pain

= The decrease in the OSDI questionnaire score (-30.80 +5.24) and 3rd OSDI
question score (-2.82 £0.53) were remarkable in group 1

= Findings indicate that vitamin B12 deficiency is related with NOP

=  Consider measuring the serum vitamin B12 level in patients with severe
DED presenting with resistant ocular pain despite taking topical treatment

Ozens, Ozer MA, Akdemir MO. Vitamin B12 deficiency evaluation and freatment in severe cly eye disease with neuropathic ocular pain.
Graefes Arch Clin Exp Ophthalmol. 2017 Mar 15. do: 10,1007/500417-017-3632-y. [Epub ahead of print]

Vitamin C

Vitamin C as ascorbyl palmitate (fat-soluble form) modulates PGET synthesis

This vitamin C form enhances the production of IgE concentrates in tears,
the first line of basophil and mast cell defense against invading pathogens
% and allergens that frequently cause dry eye symptoms

= Sources of Vitamin C

= Citrus

mpbell A. Sjdgren’s syndrome and the sicca syndrome: the role of prostaglandin E1 deficiency. Treatment with essential fatty acids and vitamin C|
1980

12
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Vitamin D

= Improves tear hyperosmolarity 12

Should be included in all formulations that include vitamin A due to an
increased risk of fractures in older patients taking large amounts of
supplemental vitamin A

= However, up to 50% of the world's population may not get enough sun, and
40% of US residents are deficient in vitamin D

= Sources of Vitamin D

= Salmon, herring, sardines, canned tuna, oysters, shrimp, egg yolks,
mushrooms

min 3 on osteoblast aiferentiation and aciivy i aging.J Bone Miner

Vitamin E

= Helps prevent or slow lipid
oxidation

= Recommend toinclude in all fatty
acid-based formulations including
any formulation that includes
flaxseed oil or fish oil

= Sources of Vitamin E

= Cooking oils, nuts, sunflower
seeds, almonds, hazelnuts,
abalone, pine nuts, salmon,
peanuts, avocado, raw peppers,
mango

Jiang @, C. Ames BN. its major mefabolite, in contrast fo alpha-tocopherol, inhibit

1 C
activity in d epithelal cels. Proc Nail Acad SciU § A. 2000 Oct 10:97(21):11494.9.

Which diet is best
for dry eye? —

= Plant based diet
= Paleo diet
= Yegan

Gluten free
= Whole 30

13



The Dry Eye Diet

Lower protein, fotal fat, and cholesterol intake
And
Increase complex carbohydrates

Increase vitamin A content (red, orange, yellow, and dark green
leafy vegetables)

= |ncrease zinc and folate intake (whole grains, beans, raw
vegetables, especially spinach)

Ensure sufficient vitamin Bé and potassium intake (by eating nuts,
bananas, and beans)

Ensure sufficient vitamin C intake (by eating citrus)
Eliminate alcohol and caffeine

Reduce sugar and salt intake

Consume six to eight glasses of water per day
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Impact of arandomized

[ T —

= Study fo evaluate the effects of a 2-month lifestyle intervention for DED in office
workers.

= Prospective interventional RCT

= 41 middle-aged Japanese office workers (22 men, 19 women, 39.2.+ 80 years) with
DED

= Two groups
= Intervention group (n = 22)

= Diet modification, increase physical activity, positive thinking
= Control group (n = 19)

Primary outcome
Change in DED diagnoses
Secondary outcome

Change in disease parameters -
dry eye symptoms (Dry Eye-
Related Quality of Life Score),
comeal and conjuncfival staining
scores, TBUT, and Schirmer test
resulfs.

mpact of lifestyle intervention on dry eye disease in office workers: a randomized controlled trial.
2-month lifestyle infervention — -

Improved dry eye disease

Considerable decrease in

subjective symptoms

* Lifestyle intervention may be a

promising management option

for DED

14



No more coffee?
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The effect of caffeine on tear secretion

Caffeine is the most widely consumed psychoactive substance
Conflicting effects on tear film dynamics

Orally ingested caffeine on tear secretion

Examiner-masked, placebo-controlled, crossover experimental study

Effect of caffeine intake on tear secretion

OseikA. Ovenser-Ogbomo G. Kyel o1l The effect of caffeine on lear secretion. Oplom Vis Sei. 2014 Fobi91{2]:171.7. ok 10.1097/07X.0009000000000125

The effect of caffeine on tear secretion

41 healthy volunteers
Aged 20 to 26 years (mean, 23.0 £ 2.1 years)
Randomly assigned into two groups, A and B

Two different freatments in two sessions

subjects in group A - visit 1
5.0 mg/kg body weight of caffeine dissolved in 200 mL of water
subjects in group B - visit 1

200 mL of water

Visit 2 — order of freatment was reversed

Os6iKA. Ovenser-Ogbomo G. Kyel o1 i The effect of caffeins on lear secretion. Oplom Vis Sei. 2014 Febi91{2]:171-7. ok 10.1097/07X.0009000000000125
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The effect of caffeine on tear secretion

= Schirmer 1 scores
= Measured repeatedly at 45, 90, 135, and 180 minutes after treatment
= Baseline Schirmer 1 scores compared with posttreatment scores

= Schirmer 1 scores increased after caffeine intake.

= Statistically significant at 45 and 90 minutes (p < 0.05)
after caffeine intake.

= No influence of gender in caffeine's effect on tear secretion
(F=0.994,p=0.399)

= % Orally ingested caffeine appears to stimulate tear secretion in healthy
non-dry eye subjects.

061K, OvaniarOgboma G, Kyel a1 al The affect of caffains on fear sacratian. Opfam Vis Sci. 2014 Fab:91 (2):171-7. ok 10.1097/0X.0000000000000129
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Drink water!

= Mild dehydration makes dry eye problems
worse.

= Especially during hot, dry and windy
weather

= Drink more water to reduce the symptoms
of dry eye syndrome

Microbiome and Ocular Health

= Microbiome and human health.!

= Gut microbiota is significant in
health and disease .36
= An average human body harbors
7 as many microbial species as
human cells.2
= Many studies have linked
microbiome to cancer, obesity,
asthma, artherosclerosis, and
diabetes.

i Exp Immunol. 2015:179:363-77
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“"What are the characteristics of the healthy
ocular microbiota and how do they change
during disease?”

= Healthy conjunctiva, lid margins, and tears

= Fewer microbial species than other mucosal sites like oral mucosal surfaces

= Most common species from conjunctival surfaces in humans

= Coagulase Negative Staphylococcus sp (CNS sp). including Staphylococcus
epidermidiis

= |solated from
= 20-80% of conjunctival swabs
= 30-100% of lid margin swabs

= Less frequently present microbial species

= Propionibacterium sp(P. acnes), Corynebacterium sp, S. aureus, Streptococcus
sp, Micrococcus sp, Baccilus sp, and Lactobacillus sp’

Proteomic analysis of tear fluid in DED

= showed specific alterations in the protein signature

Several downregulated proteins had bactericidal activities
= Lactotransferrin

= Lysozyme

= Polymeric immunoglobulin receptor

= Lacritin

Is there a connection between the ocular commensal microbiota and the
state of the ocular surface barrier?2

= Only few studies to date

Association between ocular microbiota and
OsD

= More extensive bacterial loads in patients with Sjogren Syndrome than
healthy controls.

Increased bacterial presence of CNS species in addition to other common
% commensals such as Corynebacterium and Propionibacterium in non-
autoimmune dry eye disease.2

= The expanding applicability of deep sequencing approaches will provide
insights to whether alterations of ocular surface microbiota correlate with
the development of DED.3

eficiency and meibomian gland disease. Comeo. 20062510
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Ask about diet when evaluating DED
Discuss supplementation
Review caffeine and water intake

The eyes will thank you

Thank you for your time and attention!
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