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PURPOSE. Age-related macular degeneration is a common form of vision loss affecting older
adults. The etiology of AMD is multifactorial and is influenced by environmental and genetic
risk factors. In this study, we examine how 19 common risk variants contribute to drusen
progression, a hallmark of AMD pathogenesis.

METHODS. Exome chip data was made available through the International AMD Genomics
Consortium (IAMDGC). Drusen quantification was carried out with color fundus photographs
using an automated drusen detection and quantification algorithm. A genetic risk score (GRS)
was calculated per subject by summing risk allele counts at 19 common genetic risk variants
weighted by their respective effect sizes. Pathway analysis of drusen progression was carried
out with the software package Pathway Analysis by Randomization Incorporating Structure.

RESULTS. We observed significant correlation with drusen baseline area and the GRS in the age-
related eye disease study (AREDS) dataset (q ¼ 0.175, P ¼ 0.006). Measures of association
were not statistically significant between drusen progression and the GRS (P ¼ 0.54).
Pathway analysis revealed the cell adhesion molecules pathway as the most highly significant
pathway associated with drusen progression (corrected P ¼ 0.02).

CONCLUSIONS. In this study, we explored the potential influence of known common AMD
genetic risk factors on drusen progression. Our results from the GRS analysis showed
association of increasing genetic burden (from 19 AMD associated loci) to baseline drusen
load but not drusen progression in the AREDS dataset while pathway analysis suggests
additional genetic contributors to AMD risk.
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Age-related macular degeneration is the leading cause of
blindness in older adults in the developed world. Current

prevalence estimates for AMD in the United States are 1.52%
and 16.39% for ages 70 to 74 and 80 years.1 Age-related macular
degeneration is a disease that results specifically in central
vision loss as it affects the macula. Vision loss due to AMD is
divided into ‘‘neovascular’’ and ‘‘dry’’ AMD.2 Neovascular AMD
is the result of new blood vessels arising underneath the
macula, which then begin to leak fluid into the space between
Bruch’s membrane and the RPE. Dry AMD is characterized by
the presence of a broad range of abnormalities in the RPE and is
the more common form of AMD.3 Dry AMD abnormalities
include drusen, hyperpigmentation, or hypopigmentation in
the RPE, and in the later stages of dry AMD progression,
geographic atrophy. Although the role that drusen play in the
pathogenesis of AMD is not currently known, manifestation of
these yellow deposits between the RPE layer and Bruch’s
membrane is one of the hallmark clinical signs of AMD
development.4 Drusen can be characterized as hard or soft.5

Hard small drusen are typically less than 65 lm in diameter and
have discrete borders. Intermediate drusen range in size from
64 to 125 lm. Soft drusen are commonly greater than 125 lm
in diameter and typically have the property of fuzzy indistinct
borders.

Many environmental factors have been associated with
increased risk of AMD, such as age, race, smoking, obesity, and
hypertension.3,6–14 In addition to the factors listed above,
genetic studies have successfully identified common genetic
variation in genes such as CFH, HTRA1/ARMS2, C2/CFB, and
15 other loci in sample populations of European ancestry.15–30

Of recent interest is the use of these environmental and
genetic risk factors to create prognostic models of AMD
risk.31–41 Such models could eventually allow the practice of
precision medicine, modulating AMD treatment in response to
particular risk profiles. One practical application of identifying
the underlying risk factors for AMD is building models of
disease progression. These models have focused on grouping
samples broadly into progressors or nonprogressors, using
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categories typically defined by pathological changes in drusen
progression, GA, or neovascularization. This approach does
not take into account the importance of the rate of disease
progression when progression is defined as a dichotomous
endpoint rather than a quantitative measure of disease. By
understanding how the environmental and genetic compo-
nents of AMD contribute to the rate of progression, we have
the potential to understand how to better tailor and administer
treatment regimens and recommend more appropriate eye
evaluation intervals.

Although significant contributions have been made in the
treatment of neovascular AMD with the advent of anti-VEGF
injections, there are currently no clinical treatments available
for dry AMD outside of risk factor management.31,42 Therefore,
it is important to develop models of AMD progression that
emphasize characteristics common to dry AMD such as
changes in drusen load over time. Here we examine the
impact of a cumulative genetic risk score using 19 common
AMD risk variants on drusen progression using data made
available through the age-related eye disease study (AREDS),
and a combined dataset from Case Western Reserve University
(CWRU) and the University of Miami John P. Hussmann
Institute for Human Genomics (HIHG).30

MATERIALS AND METHODS

AREDS Dataset

The age-related eye disease study was a clinical trial that
examined the impact of zinc and antioxidants on incidence and
progression of AMD.31,42 Using AREDS phenotype data tables
made available through the database of genotypes and
phenotypes (dbGAP) on a subset of participants in the AREDS,
we examined subjects with intermediate AMD without the
presence of central geographic atrophy or neovascular AMD.
Evaluation of the phenotype data was restricted to the 595
subjects that had longitudinal color fundus photographs
deposited in dbGAP. Imaging data were available on subjects
at 2-year intervals with a maximum of 12 years of follow up.
We selected subject eyes that received consecutive diagnoses
of intermediate AMD (AREDS category 3) over a course of more
than 2 years based on the AREDS dbGAP phenotype tables. A
category of 3 for AMD is represented by the presence of one of
the following: one or more large drusen, greater than 20
average-sized drusen in the presence of soft drusen, 65 average-
sized drusen in the absence of soft indistinct drusen, or
noncentral geographic atrophy. Imaging data were included up
to the progression of intermediate AMD to a severe grade of
central geographic atrophy or neovascular AMD per eye.
Extensive details about the AREDS grade categorization, study
design, and subject information can be found in AREDS Report

No. 1.42 In dbGAP, 308 color fundus photos are available on
three separate fields of the retina. Field 1M is centered on the
temporal margin of the optic disc. Field 2M is centered on the
macula and field 3M is centered temporal to the macula. For
this study, Joint Photographic Expert Group (JPEG) images
were downloaded from dbGAP related to field 2M. Images
were manually and computationally inspected for quality and
poor images were removed from the dataset. The major
features used in determining quality of images included the
observation of images with poor focus, images that had the
early treatment diabetic retinopathy study (ETDRS) grid still
attached to the photo, no optic nerve present within the
photo, incorrect alignment of the camera leading to images
containing differential color hues around the periphery of the
fundus image, and uneven illumination across the image.

CWRU Dataset and HIHG Dataset

All cases were ascertained through the retinal clinics at the
Vanderbilt Eye Institute (VEI) or the Bascom Palmer Eye
Institute (BPEI) as part of a longitudinal study examining
progression and response to treatment of severe AMD. We took
508 color fundus photos at these visits using either a Zeiss 450
(Carl Zeiss, Jena, Germany) camera at the VEI, or a Topcon TRC
50IX camera (Topcon Corp., Tokyo, Japan) at BPEI. Partici-
pants were graded by a retinal specialist on a 1 to 5 scale
modified from AREDS at each visit with visit intervals ranging
from 1, 4, 6, 8, 10, and 12 months.43,44 A grade of 1 or 2
represented controls, grade 3 represented early/intermediate
AMD, and grades 4 and 5 represented late AMD (geographic
atrophy and choroidal neovascularization, respectively). Sub-
jects were retrospectively examined for visits with color
fundus photos graded as a 3 on the modified AREDS grading
scale. Subjects that presented with continuous intermediate
AMD for 1 year or more in the absence of geographic atrophy
or neovascular AMD had their imaging data examined. A
minimum interval of 6 months between images was used in the
CWRU/HIHG dataset.42–44 In the situation that image intervals
were less than 6 months apart, the higher quality image was
selected from the range while still maintaining a 6-month
separation between visits.

All procedures followed the tenets of the Declaration of
Helsinki and were approved by the institutional review boards
of the University of Miami Miller School of Medicine, CWRU,
and Vanderbilt University. Informed consent was obtained from
all research subjects involved in this study.

Drusen Quantification

Drusen quantification was completed using a previously
developed automated drusen detection and quantification
algorithm.45 Details about the detection algorithm are defined
elsewhere but briefly described here.45 Images were resized to
a radius of 650 pixels for the nonblack region of the image to
obtain a standard resolution across all images. Anatomical
structures were detected including the optic disc, fovea, and
vessels; and image quality assessment for calculation of features
for drusen detection was carried out. Drusen candidate pixels
were extracted using a pixel classification algorithm. Next,
drusen candidate regions were segmented using dynamic
programming and the information obtained from the pixel
classification and drusen candidates were classified as being
true druse using a large set of features including contrast, color,
shape, and intensity changes within the image. Quantification
was completed based on a threshold drusen probability map,
which is used to generate a binary drusen map to calculate
drusen area. An Early Treatment Diabetic Retinopathy Study
(ETDRS) grid normalized to a 3000 lm radius from the fovea to
the edge of the optic disc for each image was automatically
placed. Although this is a fully automated process, each image
was manually reviewed for proper placement of the ETDRS
grid. Drusen surface area was quantified in each image’s grid as
mm2 and used for downstream analyses.

Genotyping

Genotyping data for both the CWRU/HIHG and AREDS datasets
were made available through the International AMD Genomics
Consortium (IAMDGC) and through permission of Emily Chew
at the National Eye Institute (NEI).46 Details about the quality
control procedures carried out by the IAMDGC can be found
elsewhere.46 Nineteen common variants previously associated
with AMD were selected either through direct genotyping on
the IAMDGC exome chip array or through surrogate SNPs
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found to be in high linkage disequilibrium (LD; r2 > 0.8) with
these variants if not directly genotyped.

Drusen Progression Rate Estimation

Since our data are represented by multiple visits per subject
and drusen measurements in either one or two eyes, we
employed a linear mixed effects model (LMEM) to estimate
changes in drusen area over time using a similar modeling
scheme to what has been presented for estimating GA
progression rates.32 Modeling of drusen progression rates
was carried out using the R software package (R, version 3.02)
and the R-library ‘‘linear mixed-effects models using Eigen and
S4’’ (lme4, version 1.1-7). In brief, LMEM allows for an
estimation of a population mean regression line known as a
fixed-effect and deviations from that mean slope and intercept
through estimation of random effects. This multilevel modeling
also allows for incorporation of information on both eyes for a
subject if available, giving us a single measure of drusen
growth. Values of P were generated with the R package ‘‘tests
in linear effects models’’ (lmerTest, version 2.0-20) using
Satterthwaite’s approximations.

Analysis of Drusen Progression Against
Demographic, Endpoint Severity, and Treatment
Category

To examine the role of sex, smoking (more than 1 year in
lifetime), AREDS treatment category, and age, the following
statistical analysis plan was carried out. We first examined the
impact of smoking, age, and treatment category independently
within the mixed model of drusen progression to see the
necessity of including these factors as covariates for the genetic
analysis. Age was examined as a measure of correlation with
drusen progression by way of a Pearson’s correlation coeffi-
cient. Sex and smoking were examined within independent
models. To understand the potential role of drusen growth on
the progression of AMD from intermediate to neovascular AMD
or geographic atrophy, study subject’s endpoint severity was
categorized into either ‘‘drusen only,’’ ‘‘geographic atrophy,’’ or
‘‘neovascular AMD.’’ These severity categories were deter-
mined by using AREDS severity score information made
available through the AREDS dbGAP data tables. Subjects were
categorized based upon first instance of severe progression. In

the case that subjects did not progress to geographic or
neovascular AMD by the end of the full AREDS clinical trial and
natural history study, subjects were categorized as having
drusen only. Endpoint severity categories were coded as
dummy variables and the drusen only category was set as
referent within the model. This was completed similarly in the
CWRU/HIHG dataset.

Cumulative Genetic Risk Score Analysis and
Independent SNP Tests

For our primary analysis, the 19 variants or their respective
surrogate SNPs were included in a genetic risk score (GRS)
representing common variations significantly contributing to
AMD genetic risk.46 Each variant was weighted by the log of
the odds ratio as reported by the AMD gene consortium and
multiplied by the number of risk alleles present at that locus.
More details about the weighting scheme and application of
this risk score can be found elsewhere.30,46,47 To examine the
effect of the genetic risk score on drusen progression, a
Pearson’s correlation coefficient was calculated using each
subject’s progression slope versus their genetic risk score.
Examination of each of the common variants’ influence on
drusen progression was carried out independently in unad-
justed single variant analyses.

Pathway Analysis

To examine the role of drusen progression in a pathway-based
analysis, an unadjusted linear regression was carried out in
Plink using drusen progression rates as an outcome variable for
the AREDS subjects against the genome-wide SNP data present
on the exome-chip array.48 A minor allele frequency cutoff of
0.05 was used. Pathway analysis was performed on the results
of the single variant tests using the pathway analysis by
randomization incorporating structure (PARIS) algorithm, and
restricted to the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway database, which contains 199 defined
pathways.49 The algorithm PARIS assigns variants from
genome-wide association study (GWAS) results into features
that are grouped by pathways as defined by the KEGG
database. Significance of a pathway is obtained through
permutation of the genome instead of affection status; thus
accounting for LD, SNP coverage of pathways, and gene size.

RESULTS

Demographics

In the AREDS dataset, 246 of the 595 subjects available through
dbGAP had either a baseline grade of intermediate drusen or
progressed to intermediate drusen and had follow-up visits
with grades of intermediate AMD for at least 2 years (Table 1).
In the dataset CWRU/HIHG, 75 of 500 subjects examined met
the selection criteria for further analysis (Table 1). Analysis in
the AREDS and CWRU/HIHG datasets was restricted to the first
6.5 years of follow up and represents the median duration of
the AREDS clinical trial. Although imaging data were available
for the natural history portion of AREDS, a large proportion of
the samples we selected for the study had progressed to severe
AMD after the 6.5-year time point and thus did not have usable
longitudinal data after that stage. Due to the limited number of
observations in the natural history phase of the study, our
analysis focused on observations within the clinical trial
portion of the study. The median number of visits with
quantifiable images including baseline was 3.4 with a total of
973 images being used in the AREDS analysis and a total of 272

TABLE 1. Study Population Demographics

Variable

AREDS

Study,*

n ¼ 4757

AREDS

Sampled,†

n ¼ 246

CWRU/HIHG,‡

n ¼ 75

Age at exam, y

Median 69.4 69.3 73.5

Sex, n (%)

Male 2098 (44.1) 101 (41.1) 50 (66.7)

Female 2659 (55.9) 145 (58.9) 25 (33.3)

Ever smoked, n (%)

Yes 2650 (55.7) 151 (61.4) 26 (34.7)

No 2107 (44.3) 95 (38.6) 17 (22.7)

Missing – – 32 (42.6)

* Represents the entire sample set available in dbGAP with and
without longitudinal imaging data.

† Represents the 246 samples that had longitudinal data and met
our filtering criteria.

‡ Represents subjects with longitudinal imaging and genetic data
available in this study population.
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images and a median number of three visits for the CWRU/
HIHG dataset. Of the 246 AREDS subjects selected, 88 subjects
had imaging data that fit our criteria (intermediate AMD) in
both eyes, and 158 subjects had imaging data available for one
eye. In the CWRU/HIHG dataset, we observed 24 subjects with
bilateral intermediate AMD and 51 subjects with imaging data
on one eye.

Clinical Presentation and Progression

We observed high correlation in drusen area between eyes of
subjects with bilateral intermediate AMD at baseline (q ¼
0.857, P < 2.20 3 106). Correlation of bilateral drusen area
progression was also significant (q ¼ 0.300, P¼ 0.004) within
these 88 subjects. We observed significantly higher drusen area
in subjects with both eyes present in the study versus subjects
that had just one eye in our study (P ¼ 0.024). We did not
observe a significant association of drusen area progression
with sex, age at first exam, smoking status or treatment
category.

Genetic Data

We observed a correlation with baseline drusen area and the
GRS in the AREDS dataset (q ¼ 0.175, P ¼ 0.006). We did not
find a significant correlation between the GRS and drusen
progression in the AREDS dataset (q ¼ 0.039; P ¼ 0.543). In
single marker tests of the SNPs that make up the risk score, we
found a nominally significant association with rs943080 in
VEGFA within the AREDS dataset (P¼0.028; Table 2); this does
not replicate in the CWRU/HIHG dataset. Pathway analysis was
performed using the results of the quantitative GWAS based on
the IAMDGC exome-chip array and the AREDS dataset. In total,
values of P were generated for 252,376 directly genotyped
variants that met the minor allele frequency cutoff of 0.05 and
a genotyping efficiency of 95% (Supplementary Figs. S1, S2;
Supplementary Tables S1, S2). Of the 199 pathways that were
interrogated as part of the KEGG database, the most highly
associated pathway that passed Bonferroni correction was the
cell adhesion molecules pathway (corrected P ¼ 0.02;
Supplementary Table S3).

DISCUSSION

Age-related macular degeneration is a complex disease
characterized by phenotypic heterogeneity with respect to
the combinatorial presence of drusen, geographic atrophy, and
neovascular AMD. In this analysis, we examined the potential
influence of 19 genetic risk loci on drusen growth during the
intermediate stages of the disease in the absence of neovascu-
lar AMD and geographic atrophy. Since the bulk of studies
examining drusen have treated this phenotype as a binary
response, we attempted to refine the examination of this
phenotype by treating it as a quantitative variable through a
previously established drusen quantification algorithm that
takes advantage of color fundus photos.45

In a recent study performed by the AREDS research group,
it was found that higher drusen severity at baseline was a
significant predictor for progressing to geographic atrophy and
neovascular AMD.42 Study eyes that maintained intermediate
AMD throughout the course of the AREDS had significantly
lower average total drusen area compared with subjects that
had baseline intermediate and progressed to geographic
atrophy and neovascular AMD within a 6.5-year period. This
observation is present in the CWRU/HIHG dataset as well.

Although history of ever smoking and age are major risk
factors for AMD, they do not appear to have a major influence
on drusen progression or baseline area within these datasets. It
is important to note that we do not differentiate subjects based
on whether they were current smokers during the time of the
AREDS or by pack years of smoking exposure. Age was limited
to those aged 55 years or older at baseline and subjects that
already have presence of intermediate AMD. We observed a
highly significant correlation of drusen area within subjects
that present with bilateral intermediate AMD (q ¼ 0.847, P <
0.0001). This observation may be inflated, as we are not
including subject eyes that have either severe AMD in the
fellow eye, or not enough medium to large drusen to be
classified as intermediate AMD. These correlation findings have
also been observed by other groups looking at bilateral drusen
using optical coherence tomography and thus our results are
consistent with these previous findings.50 When examining
correlation in bilateral drusen progression within these same

TABLE 2. Results of Single-Variant Association Analysis With Progression

Variant Risk Allele Gene

AREDS CWRU/HIHG

Estimate SE P Value Estimate SE P Value

rs3812111 T COL10A1 �0.01 0.007 0.193 �0.001 0.02 0.954

rs6795735 T ADAMTS9 0.003 0.008 0.681 �0.006 0.021 0.778

rs4698775 G CFI 0.008 0.007 0.293 �0.019 0.018 0.308

rs9542236 C B3GALTL �0.012 0.007 0.099 0.023 0.023 0.314

rs920915 C LIPC �0.001 0.007 0.932 0.025 0.023 0.283

rs8017304 A RAD51B �0.015 0.008 0.06 0.024 0.02 0.246

rs943080 T VEGFA 0.016 0.007 0.028 0.01 0.018 0.581

rs8135665 T SLC16A8 �0.008 0.009 0.383 0.023 0.024 0.347

rs334353 T TGFBR1 �0.013 0.009 0.126 0.031 0.023 0.198

rs79037040 (surrogate for rs13278062) T TNFRSF10A 0.009 0.007 0.216 0.021 0.024 0.375

rs115515129 (surrogate for rs3130783) A IER3/DDR1 0.0001 0.009 0.988 0.04 0.025 0.111

rs13081855 T COL8A1/FILIP1L �0.009 0.012 0.453 �0.015 0.043 0.736

rs1864163 G CETP 0.006 0.009 0.46 �0.009 0.026 0.731

rs4420638 A APOE �0.006 0.01 0.579 �0.047 0.033 0.155

rs2230199 G C3 0.003 0.008 0.728 �0.03 0.02 0.143

rs5754227 (surrogate for rs5749482) T TIMP3 0.018 0.011 0.106 0.026 0.03 0.4

rs116503776 (surrogate for rs429608) G C2/CFB �0.005 0.014 0.712 �0.026 0.043 0.553

rs10737680 A CFH 0.013 0.009 0.156 �0.015 0.026 0.556

rs10490924 T ARMS2 �0.002 0.008 0.781 0.005 0.019 0.809
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subjects, we found significant although reduced correlation (q
¼ 0.300, P ¼ 0.004).

Genotype data were chosen based on previous work carried
out by the IAMDGC consortium that identified 19 common
AMD risk variants that may explain up to 65% of the variation
seen in AMD.30 For our primary genetic analysis, these 19
variants were aggregated into a genetic risk score to examine
its impact on drusen at baseline and progression. The risk
score analysis revealed significant correlation with drusen area
at baseline (q ¼ 0.149, P ¼ 0.020) and no correlation with
drusen progression (q ¼ 0.018; P ¼ 0.794). It is important to
note that SNP weights assigned to the variants used in the risk
score are based on the AMD gene consortium analysis that
performed a cross-sectional analysis of risk, and as such, these
weights may not be representative of their role in progression.
In light of this, we examined the impact of an unweighted GRS
using the 19 variants on drusen progression and did not
observe a significant effect (data not shown). In a secondary
analysis, we attempted to dissect the role of these variants to
drusen progression but did not find any single variant that
substantially contributes to drusen progression (Table 2).

As we are presenting a case only analysis in two smaller
datasets, power is a significant concern. Post hoc power
calculations show that we had 80% power to detect an effect
size of increase in drusen area of 0.0196 mm2/y when
correcting for independent tests of each of the four major
loci. We had 56% power to detect a significant association in
the cumulative genetic risk score progression analysis based on
the estimated effect size and sample size in the AREDS dataset.
Variant rs943080, which is near VEGFA, was the only variant
nominally associated with drusen progression out of 19 loci in
the AREDS dataset that make up the cumulative genetic risk
score. This variant did not replicate in the CWRU/HIHG
dataset.

A second exploratory approach is to aggregate potential
effects not using a genetic risk score, but on functional
relatedness. We performed a pathway-based analysis to see
whether any functional pathways within the KEGG database
were enriched for drusen progression. The top pathway that
was enriched was the cell adhesion molecule pathway (KEGG
database id: hsa04514; Supplementary Table S3). We identified
three genes driving the signal. These genes were neurofascin

(NFASC) on chromosome 1 (P ¼ 0.0004); CD226 molecule
(CD226) on chromosome 18 (P < 0.0002); and neurexin 1

(NRXN1) on chromosome 2 (P ¼ 0.0006). The statistical
significance of these genes was confirmed using the gene
enrichment program: versatile gene-based association study.
Molecules in this pathway play a role in a wide array of
functions including inflammation and immune response.
Previous work has shown that inflammation between the
RPE layer and the Bruch’s membrane may play a role in AMD
associated drusen formation mainly through cellular debris
trapped between these layers.51,52 In another study examining
the impact of cell adhesion molecules on AMD, it was shown
that soluble vascular cell adhesion molecule 1 associates with
increased incidence of early AMD.53 These findings highlight
that although the 19 risk loci may not contribute significantly
to drusen progression within our study, there may be other
variants of functional importance directly or indirectly
impacting drusen growth during the intermediate stage of
disease.

One of the limitations that we found during the course of
this study was the quality of images available from the AREDS
dbGAP dataset. Images of the AREDS made available in dbGAP
are not original images, but digitized copies of slide transpar-
ency film. Photographs taken at the VEI and BPEI were native
digital images. All images from both the native digital images
obtained in the CWRU/HIHG dataset and the digitized photos

from the AREDS were assessed for quality using an automated
algorithm that assigns a quantitative quality score to the image
based on a number of metrics including blurriness, contrast in
the image, and ability to delineate blood vessels surrounding
the macula.44 A large proportion of the AREDS images were
considered poor by this algorithm, which did not necessarily
reflect the qualitative assessment of the images by a retinal
specialist. Assessing the quality of the directly digitized images
from the CWRU/HIHG data we observed most images falling
into the high quality range both quantitatively and qualitatively.
We must also be aware that the overall low quality of the
AREDS images when examined in a longitudinal format may be
introducing too much variation across time points to accurate-
ly measure drusen progression. This may be somewhat
reflected between differences in correlation between intra-
subject drusen at baseline and bilateral drusen progression,
where we see a highly correlated baseline measurement, but
reduced bilateral progression correlation. Thus, if the effect
sizes of the major common risk loci are more modest for
drusen growth, we may not be able to overcome the signal to
noise ratio introduced by image quality. Although the CWRU/
HIHG images were of superior quality, the size of the dataset
limited our power to detect a true association with drusen at
baseline or drusen progression. While we were able to
retrospectively collect previous retinal visits on subjects within
the progression and treatment study, the major ascertainment
criteria for these participants was severe AMD, thus longitu-
dinal data was sparse prior to the presence of reduction in
visual acuity.

In conclusion, AMD continues to be a high priority complex
disease for genetic studies due to its high heritability and its
socioeconomic impact. Although a large proportion of the
genetic variation explained by AMD has been identified, its
contribution is largely put in the context of disease risk.
Elucidation of potential rare and common genetic contributors
to AMD rate of progression may lead to better understanding of
the mechanisms involved in AMD pathogenesis and strides in
AMD clinical management.
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