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Diabetic retinopathy: ~800,000

Of major concern in 

the next decades

France

Age-related Macular Degeneration 

(AMD): 1.25 million

Leading cause of vision 

loss in Western countries

Maculopathies

and AMD

2nd cause of 

blindness

worldwide

Glaucoma: >800,000
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Prevalence of pathologies after the age of 65 years
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Prevalence and projections of AMD in Europe
Data from the European Eye Epidemiology consortium 

(n=42080 patients, 10 countries)

Colijn 2017 Ophthalmology

A disease which prominent risk factor is
advanced age



Normal fundus Drusen

From maculopathies to Age-related Macular
Degeneration

Criteria:
- Drusen

Size: <63µm – 63-125µm – >125µm
Area covered
In 1 or 2 eyes

- Pigment abnormalities in 1 or 2 eyes
- Geographic atrophy
- Neovascularization

4 stages: from
maculopathy to AMD

Exudative (wet) AMD Geographic atrophy (dry AMD)



Age-adjusted associations between potential risk factors and AMD 
Pooled findings from the Rotterdam, Blue Mountains and Beaver Dam Eye Studies

(n=14752 participants)

Smith 2001 Ophthalmology



Wang 2016 Nutrients

LDL-cholesterol HDL-cholesterol

Total-cholesterol

Plasma cholesterol and AMD risk



From aging retina to AMD

Pikuleva 2014 Prog Retin Eye Res



Polymorphisms in genes encoding lipid components 
and AMD

Van Leeuwen 2018 Prog Retin Eye Res



Gene factors and blood lipid associations in AMD

Van Leeuwen 2018 Prog Retin Eye Res



Sobrin 2014 Progr Retin Eye Res



Fish intake, w3 fatty acids and AMD
Meta-analysis from 7 databases

(88974 people including 3204 AMD)

w3 and late AMD

Fish intake and early AMD Fish intake and late AMD

Chong 2008 Arch Ophthalmol



Protection from AMD is associated with fish consumption
above 2 servings of fish per week

Seddon 2007  Arch Ophthalmol



…primarily in patients with low intake in linoleic acid

Seddon 2007  Arch Ophthalmol



Age-Related Eye Disease Study 2

• 4203 participants, 50-85 years

• Inclusion criteria: drusen in both eyes or drusen in 1 
eye+AMD in the other eye

• Follow-up: 5 years

• Primary outcome: occurrence of CNV or GA in 1 eye

AREDS 2013 JAMA



Design

Supplements
Lutein: 10mg/day
Zeaxanthin: 2mg/day
EPA: 650mg/day
DHA: 350mg/day



Age-Related Eye Disease Study 2

Results

AREDS 2013 JAMA



AREDS 2013 JAMA



« Nutritional AMD Treatment 2 » (NAT2) Study

Souied 2013 Ophthalmology



Incidence of neovascular complications in the fellow
eye

Souied 2013 Ophthalmology
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Fatty acid enrichment in NAT2 patients

Souied 2013 Ophthalmology



Souied 2013 Ophthalmology

Incidence of CNV as a function of fatty acid
enrichment



Effect of DHA treatment according to CFH 
polymorphism in NAT2 patients

CFH Y402H
Placebo group DHA group P-value

% of CNV Hazard risk % of CNV Hazard risk (95% CI)

Model 1 (adjusted for age and gender) (n=250)

TT (non-risk) 38.2 1.0 16.7 0.25 (0.08-0.79) 0.02

CT 26.0 1.0 29.2 1.11 (0.53-2.30) 0.79

CC 23.1 1.0 39.5 2.09 (0.90-4.89) 0.09

Model 2 (adjusted for age, gender, BMI, smoking status, HDL-chol, TG, ARMS2 A69S polymorphism) (n=250)

TT (non-risk) 1.0 0.14 (0.03-0.59) 0.008

CT 1.0 1.19 (0.56-2.51) 0.65

CC 1.0 2.33 (0.98-5.55) 0.06

Merle 2015 PLoS ONE



RPE/choroid Adipose 
tissue

Neuroretina

12 women and men
Fundus free from retinal pigment abnormalities
and large drusen
Mean age 83±9yr (range 59-95yr)

Would retinal DHA be associated to dietary intakes ?

Plasma (short history intake)

Red blood cells (middle)

(long)

Bretillon et al. 2008 Exp Eye Res
Acar et al. 2012 PLoS ONE
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DHA in orbital fat
(% of total fatty acids)

retina, r Pearson=-0.18, p=0.64 PL from RPE/Choroid, r Pearson=0.21, p=0.60

CE from RPE/Choroid, r Pearson=0.21, p=0.58 lacrimal gland, r Pearson=0.74, p=0.02

Neither adipose nor circulating DHA was associated with
retinal DHA

Neuroretina

Lacrymal gland rPearson=0.74. p=0.02

RPE/choroid PL

RPE/choroid CE

Bretillon et al. 2008. Exp Eye Res



Neither adipose nor circulating DHA was associated with
retinal DHA

Acar et al. 2012. PLoS ONE



Plasma metabolomics in AMD patients 
(UPLC-MS analysis)

Lains 2018 Ophthalmology

Among the 87 metabolites identified, 72 were relevant to lipid pathways



E: early AMD (n=29)
I: intermediate AMD (n=30)
L: late AMD (n=25 CNV, 4 GA)

Lains 2018 Ophthalmology

Plasma metabolomics in AMD patients 
(UPLC-MS analysis)



Unresolved questions

• Need for relevant biomarkers to identify: 
– susceptible patients (inter-individual differences in fatty acid or 

carotenoid incorporation)

– the efficacy of dietary approaches (w3 and carotenoids)

• What consequences of dietary interventions in the retina
– lipid mediators (cell-specific)

– local vs systemic effect (inflammation, lipid homeostasis)

• Should we consider diet instead of nutrients:
– in primary, in secondary prevention (AMD prevention with w3 in 

low w6 intake)

– in high genetic risk patients (w3 in non genetic risk patients)
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