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Progression from early/intermediate age-related macular 
degeneration to either geographic atrophy or choroidal 
neovascularisation in a large UK cohort
Usha Chakravarthy1, Clare Bailey2, Martin McKibbin3, Sarah Rabhi4, 
Anushini Muthutantri4, Christopher Brittain5, Jeffrey R. Willis5, 
Ronald A. Cantrell5. 1Ctr for Vascular & Vision Sciences, Queens 
University of Belfast, Belfast, United Kingdom; 2University 
Hospitals Bristol National Health Service Foundation Trust, Bristol, 
United Kingdom; 3Gloucestershire Eye Unit, Cheltenham General 
Hospital, Cheltenham, United Kingdom; 4QuintilesIMS, London, 
United Kingdom; 5Genentech, Inc., South San Francisco, CA.
Purpose: To estimate rates of progression to geographic atrophy 
(GA) or choroidal neovascularization (CNV) among eyes diagnosed 
with early/intermediate age-related macular degeneration (AMD).
Methods: We extracted electronic care records from 10 UK eye 
clinics, identified patients with early/intermediate AMD in at least 
one eye, and classified them as follows: early/intermediate AMD in 
both eyes (E:E), early/intermediate AMD in one eye and CNV, GA, 
or both GA and CNV (Mixed) in the contralateral eye (E:CNV, E:GA 
or E:Mixed, respectively). The primary outcome was progression to 
GA or CNV in the at-risk eye. Cox-Proportional Hazards model was 
used to estimate rates of progression to advanced AMD phenotypes.
Results: Of the 83,425 persons in the dataset, 40,543 (48.6%) were 
eligible for inclusion, of which 32,655 (80.5%), 7,069 (17.4%), 656 
(1.6%), and 163 (0.4%) were categorized as E:E, E:CNV, E:GA, and 
E:Mixed, respectively. In eyes with early/intermediate AMD, the rate 
of progression to GA was 2%, 4%, 11% and 8% per year for the E:E, 
E:CNV, E:GA and E:Mixed groups, respectively, while the rate of 
progression to CNV was 3%, 15%, 9% and 12% per year among the 
4 cohorts, respectively. The adjusted rate of progression to GA was 
highest in the E:GA group, and the adjusted rate of progression to 
CNV was highest in the E:CNV group (Table 1).
Conclusions: Progression to GA or CNV was frequently observed 
in eyes with early/intermediate AMD, more commonly so in patients 
with advanced disease in the contralateral eye. Rate of progression to 
GA was more rapid in patients with GA in the contralateral eye just 
as the rate of progression to CNV was more rapid in patients with 
CNV in the contralateral eye. This large analysis of electronic care 
records contributes to our understanding of the natural history of eyes 
with early/intermediate AMD.

Adjusted rate of progression to GA or CNV in eyes with early/
intermediate AMD.
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Progression time to foveal loss in Geographic Atrophy
Johanna Maria Colijn1, 2, Corina Brussee1, 2, Ada J. Hooghart1, 2, 
Magda A. Meester1, 2, Johannes R. Vingerling1, Albert Hofman2, 
Caroline Klaver3, 4. 1Ophthalmology, Erasmus MC, Rotterdam, 
Netherlands; 2Epidemiology, Erasmus MC, Rotterdam, Netherlands; 
3Ophthalmology Epidemiology, Erasmus MC, Den Haag, 
Netherlands; 4Ophthalmology, Radboud University Medical Center, 
Nijmegen, Netherlands.
Purpose: Geographic Atrophy (GA) is a prominent end stage of age-
related macular degeneration (AMD) for which novel therapies are 
under development to reduce progression. We studied the long-term 
progression of GA and its relation to foveal involvement in a natural 
history study of non-selected cases.
Methods: The study population consisted of 62 eyes who had or 
developed GA in Rotterdam Study I, a population based prospective 
cohort which started in 1990 and which had follow up visits every 
five years. The location and surface area of GA was graded on fundus 
photographs and auto fluorescent images at every visit. We calculated 
the time until loss of RPE reached the fovea.
Results: Of the 62 eyes with GA and follow-up (range 1-12 years), 
16 eyes had incident GA. At first presentation, 13 incident GA eyes 
had foveal sparing, and 3 eyes already had foveal involvement. 
Three eyes developed loss of RPE in the fovea during follow up. 
The average time until GA reached the fovea was 6.9 (SD 4.7) years. 
Of eyes (N=14) with prevalent non-foveal GA, time until foveal 
involvement was 5.5 years (SD 3.9). Most eyes (31/38) with foveal 
GA were visually impaired according to WHO definitions; this was 
not the case for non-foveal GA (9/22, p=0.001).
Conclusions: The first presentation of GA is mostly outside of the 
fovea, and the average time to reach the fovea is 5.8 years in persons 
who live long enough. Future trials for GA which aim to reduce the 
risk of foveal involvement should realize that this clinical endpoint 
takes a rather long time to develop.
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Vitamin D intake is associated with a reduced rate of progression 
to advanced stages of age-related macular degeneration
Rachel E. Silver1, Benedicte M. Merle1, Bernard Rosner2, 
Johanna M. Seddon1, 3. 1Ophthalmic Epidemiology & Genetics, 
Tufts Medical Center, Boston, MA; 2Channing Division of Network 
Medicine, Harvard Medical School, Boston, MA; 3Department of 
Ophthalmology, Tufts University School of Medicine, Boston, MA.
Purpose: There is growing evidence of the importance of nutrition 
in age-related macular degeneration (AMD). We previously reported 
the protective effects of a Mediterranean diet and dietary folate on 
risk of progression to advanced AMD (Merle BM et al. Am J Clin 
Nutr 2015; Merle BM et al. Am J Clin Nutr 2016). Few studies have 
evaluated the impact of vitamin D on AMD risk, and epidemiologic 
data related to this nutrient are sparse. We hypothesized that higher 
dietary intake of vitamin D could reduce transition to advanced stages 
of AMD.
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Methods: All participants were previously enrolled in our 
prospective epidemiologic studies of AMD. Among 2269 participants 
(4188 eyes), 552 (787 eyes) progressed from early and intermediate 
stages to advanced AMD (mean follow up: 8 years). Dietary vitamin 
D was collected at baseline using a validated food frequency 
questionnaire, and was log transformed and calorie-adjusted 
separately for men and women. Survival analysis was used to assess 
associations between incident advanced disease and dietary intake of 
vitamin D. Neovascular disease (NV) and geographic atrophy (GA) 
were also evaluated separately. The combined effect of vitamin D and 
calcium was assessed, with dietary intake of each nutrient defined as 
high (≥ median) or low (< median).
Results: There was a significantly lower risk of progression to 
advanced AMD in the highest versus lowest quintile of dietary 
vitamin D intake after adjustment for demographic, behavioral, and 
ocular factors, as well as calcium, folate, monounsaturated fatty 
acids, EPA + DHA, and total energy intake (hazard ratio [HR]: 0.62; 
95% confidence interval [CI]: 0.45-0.85; P trend=0.002). Similar 
results were observed for NV (HR: 0.61; 95% CI: 0.41-0.91; P 
trend=0.01), although the association with GA was not significant. 
A protective effect was observed for progression to advanced AMD 
among participants with high vitamin D and low calcium intake 
compared to the group with low levels for each nutrient (HR: 0.67; 
95% CI: 0.50-0.88; P=0.005). There was no significant effect 
modification of dietary vitamin D by level of calcium intake.
Conclusions: Our study suggests that high dietary vitamin D intake 
may reduce the rate of progression to advanced AMD, especially 
the NV subtype. Additional exploration is needed to elucidate the 
protective role of vitamin D and its potential contribution to the 
prevention of visual loss.
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The Relationship of Macular Pigment Optical Density (MPOD) 
to Mortality in the Second Carotenoids in Age-Related Eye 
Disease Study (CAREDS 2), an ancillary study of the Women’s 
Health Initiative (WHI)
Julie A. Mares1, Zhe Liu1, Robert B. Wallace2, Ronald Gangnon3, 
Billy Hammond5, Elizabeth Johnson4, Lesley Tinker6, 
Courtney Blomme1, Gloria Sarto8, D.Max Snodderly7. 1Ophthal and 
Visual Sciences, University of Wisconsin-Madison, Madison, WI; 
2Epidemiology, University of Iowa School of Public Health, Iowa 
City, IA; 3Population Health Sciences, University of Wisconsin, 
School of Medicine and Public Health, Madison, WI; 4Jean 
Mayer USDA Human Nutrition Research Center on Aging, Tufts 
University, Boston, MA; 5Psychology, University of Georgia, 
Athens, GA; 6Public Health Sciences, Fred Hutchinson Cancer 
Research Center, Seattle, WA; 7Department of Neuroscience and 
Department of Nutritional Sciences, The University of Texas, Austin, 
TX; 8Obstetrics & Gynecology, University of Wisconsin, School of 
Medicine and Public Health, Madison, WI.
Purpose: We studied the relation of MPOD to 14-year all-cause and 
cause-specific mortality, which may be a competing risk for  
age-related macular degeneration (AMD) in epidemiological studies.

Methods: The dataset included 1,789 women, 55-84 years of age 
with complete MPOD data at CAREDS baseline (2001-2004), of 
whom 318 had died through September, 2015. Baseline MPOD, at 
0.5 degrees from the central fovea, was assessed by heterochromatic 
flicker photometry. Deaths and health history were ascertained from 
Women’s Health Initiative (WHI) annual mailed questionnaires 
and periodic checks of the National Death Index. Risk factors were 
assessed from questionnaires, measurements and blood specimens 
obtained at baseline CAREDS and WHI visits (1994-1998). 
Hazards ratios for mortality were computed using Cox proportional 
regression.
Results: Age- adjusted HR (95%CI) for all-cause mortality were 
0.59 (0.43,0.83), among women in high vs. low MPOD quintiles. 
This association was partially explained by three groups of potential 
shared risk factors for low MPOD and chronic diseases which are 
common causes of mortality. HR were attenuated to 0.64 (0.45,0.91), 
after adjusting for dietary and serum L and Z, to 0.72 (0.50, 1.04) 
when further adjusting for factors related to metabolic syndrome 
(waist circumference in high quartiles, diabetes, hypertension, 
elevated triglycerides, and factors related to low HDL [statin-use 
and the presence of the following risk alleles: GG for BCMO1 
rs11645428, AG/GG for SCARB1 rs838879 and CC for ABCA1 
rs1929841]), and to 0.74 (0.51, 1.07) when further adjusting for 
healthy lifestyle score (two points each for low pack-years of 
smoking, high physical activity levels and high healthy eating index 
score). HR for cardiovascular disease-mortality (in 83 women) were 
in the same direction. There were no associations between MPOD 
and cancer-mortality.
Conclusions: Low levels of MPOD are associated with an increased 
risk of mortality over 14-years. This association appears to be 
explained by multiple shared risk factors for low MPOD and 
common chronic diseases, which are also risk factors for AMD. 
Differential mortality in women with low vs. high MPOD could bias 
associations of MPOD with AMD, if unaccounted for.
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Pleiotropic effect of genetic variants associated with complex 
diseases and traits in age-related macular degeneration
Felix Grassmann1, Christina Kiel1, Mathias Gorski2, Klaus Stark2, 
Martina Zimmermann2, Iris M. Heid2, Bernhard H. Weber1. 1Institute 
of Human Genetics, University of Regensburg, Regensburg, 
Germany; 2Department of Genetic Epidemiology, University of 
Regensburg, Regensburg, Germany.
Purpose: Age-related macular degeneration (AMD) is the leading 
cause of vision loss in western societies and is caused by both 
environmental and genetic risk factors. With regard to the latter, 
several associated risk loci harbor genes involved in the complement 
system, high density lipoprotein metabolism or extracellular matrix 
homeostasis. These pathways are known for their pleiotropic role 
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in other conditions, such as cardiovascular disease, auto-immune 
diseases and cancer. Here, we aimed to investigate the extend of 
overlap between the genetic risk of various complex diseases and 
traits and the genetic risk for AMD.
Methods: First, we catalogued 2,331 previously published, genome-
wide significant variations associated with 82 complex diseases or 
traits. Next, we computed a genetic score by calculating the sum 
of risk increasing alleles for each disease or trait. Consequently, 
a higher genetic score indicates that an individual has more 
risk/trait increasing alleles of a given disease or trait. For each 
score, we computed the association with late stage AMD using a 
dataset provided by the International AMD Genomics consortium 
(IAMDGC) including 16,144 late stage AMD cases and 17,832 
controls. We also assessed the association of each variation 
individually with late stage AMD risk in order to identify novel 
disease loci with strong evidence for pleiotropy.
Results: Nineteen genetic scores of complex diseases and traits 
were significantly associated with AMD risk (FDR < 0.01). Most 
notably, all genetic scores related to autoimmunity were elevated in 
AMD patients (P < 5.85x10-09), while scores related to cardiovascular 
disease were reduced in AMD patients compared to controls (P < 
3.10x10-05). We also found that the genetic scores of melanoma and 
related malignancies were higher in AMD patients (P < 8.43x10-05). 
In addition, 32 out of 2,331 variants, which were used to compute  
the genetic scores, were significantly associated with AMD  
(FDR < 0.01), implicating 25 novel, pleiotropic loci in AMD risk.
Conclusions: Our findings demonstrate a substantial overlap between 
the genetic risk of complex diseases/traits and the genetic risk for 
AMD and provide evidence for 25 novel, pleiotropic loci associated 
with AMD. Our findings highlight common disease pathways that 
may facilitate to develop multi-use drug targets.
Commercial Relationships: Felix Grassmann, None; 
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A Deep Phenotype Association Study (DeePAS) in AREDS2 
reveals specific phenotype associations with AMD-related genetic 
variants
Freekje Van Asten1, 2, Michael Simmons1, 3, Ayush Singhal3, 
Rinki Ratnapriya2, Elvira Agron1, Anand Swaroop2, Zhiyong Lu3, 
Emily Chew1. 1Division of Epidemiology and Clinical Application, 
National Eye Institute, NIH, Bethesda, MD; 2Neurobiology 
Neurodegeneration & Repair Laboratory, National Eye Institute, NIH, 
Bethesda, MD; 3National Center for Biotechnology Information, 
National Library of Medicine, NIH, Bethesda, MD.
Purpose: Age-related macular degeneration (AMD) is a 
multifactorial disease with a highly variable phenotypic presentation. 
Recently, a Genome-Wide Association Study identified 52 single 
nucleotide polymorphisms (SNPs) that showed an association with 
AMD. These genetic variants may represent different pathways 
involved in AMD pathogenesis and contribute to the variability of 
the phenotype. We performed a Deep Phenotype Association Study 
(DeePAS) in Age-Related Eye Disease Study 2 (AREDS2) to identify 
variants that are related to specific AMD and non-AMD phenotypes.
Methods: Genotyping information of the 52 GWAS SNPs was 
available for 1826 AREDS2 participants. AREDS2 participants have 
had detailed phenotyping for AMD characteristics and have been 
assessed for phenotypes related to other retinal disease, cataract, 
cardiovascular disease, neurological disease, cognitive function, 
gastro-intestinal and endocrine disease, nutrient serum levels and 

other. In total, we distinguished 138 phenotypes. The DeePAS was 
performed by correlating the 52 SNPs with all available phenotypes. 
Associations that reached Bonferroni-corrected significance were 
replicated in AREDS.
Results: The DeePAS revealed that the SNP rs3750846 in the 
ARMS2/HTRA1 locus was significantly associated with subretinal 
hemorrhage related to neovascular AMD (OR 1.57 (1.33-1.86), 
p=8.16*10-8). This association remained significant after conditioning 
on participants who had neovascular AMD, showing that it was 
indeed subretinal hemorrhage driving the association and not 
neovascular AMD itself. Two SNPs in the CFH locus, rs10922109 
and rs570618, were associated with drusen area in the ETDRS grid 
(p=1.54*10-12 and p=3.41*10-9 respectively) and center subfield 
(p=6.38*10-11 and p=3.46*10-8 respectively). These associations were 
significantly replicated in AREDS.
Conclusions: This DeePAS showed that AMD-related SNPs may be 
associated with specific phenotypes. A SNP in ARMS2/HTRA1 was 
significantly associated with subretinal hemorrhage and two SNPs in 
CFH were associated with drusen area, possibly revealing underlying 
pathophysiological pathways.

Manhattan plot of Deep Phenotype Association Study in AREDS2
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Genetic Interaction with Response to Oral Micronutrient 
Supplements in the Age-Related Eye Disease Study 2 (AREDS2)
Emily Chew1, Chi-Yang Chiu2, Elvira Agron1, Traci E. Clemons3, 
Freekje van Asten1, Ruzong Fan4. 1Epidemiology & Clinical 
Applications, National Eye Institute, Bethesda, MD; 2National 
Institute of Child Health and Human Development, Bethesda, MD; 
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Purpose: To assess whether genotypes at two major loci associated 
with age-related macular degeneration (AMD), complement factor H 
(CFH) or age-related maculopathy susceptibility 2 (ARMS) interact 
with the response to oral nutrients for the treatment of AMD in a 
clinical trial, the Age-Related Eye Disease Study 2 (AREDS2).
Methods: AREDS2 participants (n=4203) who had bilateral 
intermediate AMD (large drusen) or late AMD in 1 eye were 
randomly assigned to lutein/zeaxanthin, omega-3 fatty acids (DHA 
and EPA), low or high doses of zinc (25 mg vs. 80 mg). At baseline 
and annual study visits, history of treatment for late AMD and fundus 
photographs were obtained to evaluate for progression to late AMD. 
The outcome was late AMD, which was further evaluated for either 
geographic atrophy (GA) or neovascular AMD. Mixed effect Cox 
regression models using both eyes were conducted adjusting for age, 
sex, education level, and smoking history.
Results: 1732 participants had complete data including the genetic 
information. SNPs rs1061170 in the CFH gene and rs10490924 in 
the ARMS2 gene were evaluated. The participants (median age (SE): 
72.5 y (7.8), 58.8% female, 97.1% white) were followed for a median 
of 6.5 years. These genetic variants in CFH and ARMS2 were found 
to increase the risk of progression. The test of interaction for each of 
the treatments with lutein and zeaxanthin, omega3-fatty acids, and 
varying dosage of zinc show no statistically significant interaction of 
the SNPs on the response to the oral supplements (see Table).

Conclusions: There was no interaction of the response to any of 
the nutrient supplements with the known genetic SNPs that are 
associated with increased risk of progression to late AMD, including 
GA and neovascular AMD in AREDS2. Because only approximately 
half of our participants had genetic testing we may be limited in our 
power to truly evaluate for interaction. However, previous studies of 
genetic interactions in the first AREDS found that there were similar 
responses to the nutrient supplements, regardless of genetic factors.

Commercial Relationships: Emily Chew, None; Chi-Yang Chiu, 
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Clinical Trial: NCT00345176


