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Purpose: Soft drusen and subretinal drusenoid deposits (SDDs) characterize two
pathways to advanced age-related macular degeneration (AMD), with distinct genetic
risks, serum risks, and associated systemic diseases.

Methods: One hundred and twenty-six subjects with AMD were classified as SDD (with
or without soft drusen) or non-SDD (drusen only) by retinal imaging, with serum risks,
genetic testing, and histories of cardiovascular disease (CVD) and stroke.

Results: There were 62 subjects with SDD and 64 non-SDD subjects, of whom 51 had CVD
or stroke. SDD correlated significantly with lower mean serum high-density lipoprotein (61 ± 18
vs. 69 ± 22 mg/dL, P = 0.038, t-test), CVD and stroke (34 of 51 SDD, P = 0.001, chi square),
ARMS2 risk allele (P = 0.019, chi square), but not with CFH risk allele (P = 0.66). Non-SDD
(drusen only) correlated/trended with APOE2 (P = 0.032) and CETP (P = 0.072) risk alleles (chi
square). Multivariate independent risks for SDD were CVD and stroke (P = 0.008) and ARMS2
homozygous risk (P = 0.038).

Conclusion: Subjects with subretinal drusenoid deposits and non-SDD subjects have
distinct systemic associations and serum and genetic risks. Subretinal drusenoid deposits are
associated with CVD and stroke, ARMS2 risk, and lower high-density lipoprotein; non-SDDs
are associated with higher high-density lipoprotein, CFH risk, and two lipid risk genes. These
and other distinct associations suggest that these lesions are markers for distinct diseases.
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Multiple risk factors have been identified for age-
related macular degeneration (AMD), but patho-

genic mechanisms are known only in part, a major
knowledge gap. We suggest a new approach to closing
that gap. Finding and studying distinct disease pathways
within the whole of AMD could facilitate insight into
their individual mechanisms. Specifically, we propose
that there are two distinct disease pathways involving
the two major lesions of intermediate AMD, soft drusen
beneath the retinal pigmented epithelium (RPE) and sub-
retinal drusenoid deposits (SDDs) above the RPE,1 dem-
onstrated in vivo by spectral domain optical coherence
tomography (SD-OCT)2 (Figure 1). These lipid-
containing deposits, of different biochemical composi-
tions,1 can occur in the same eye (Figure 1C) and can

progress to either of the 2 recognized forms of advanced
AMD, neovascularization (NV) and macular atrophy
(MA),3,4 for which SDDs, aka reticular pseudodrusen,
confer twice the risk.5–7

Anatomically, SDDs, relative to drusen, are associated
with choroidal thinning and topographic alignment with
choroidal watershed zones, suggesting hypoxia in their
pathogenesis.8,9 However, relationships of SDD to actual
choriocapillaris (CC) insufficiency on optical coherence
tomography angiography10 remain controversial because
of projection artifacts. Hence, although combining CC
insufficiency and SDDs as the reticular macular disease
phenotype of AMD has been proposed,11 we will confine
this report to the SDDs themselves. Extraordinary recent
progress on computational optical coherence tomography
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angiography of the choriocapillaris will doubtlessly
answer the SDD/CC vascular question.12

Systemic vascular relationships with SDDs have also
been noted, especially with coronary artery disease in
small case–control studies.3,4 Previous studies relating
systemic vascular disease and AMD in general are not
definitive,13,14 and a large meta-analysis found no asso-
ciations.15 Hence, further data relating these diseases
specifically to subjects with SDDs would be of high
significance to both disorders. Similarly, genetic risks for
AMD are established, but, with the exception of ARMS2
risk for SDD,16 differential risks for the two deposits are
unknown, and finding others would fill a significant gap
in the genetics of AMD.
Established features differentiating the lesions them-

selves include multimodal imaging: Scanning laser
ophthalmoscopy, with autofluorescence and near infrared
reflectance (NIR) imaging, clearly identifies SDD as
hypoautofluorescent on autofluorescence and hypore-
flectant on NIR,11 properties not shared by drusen. Ana-
tomically, SDDs preferentially localize with rods while
drusen localizes with cones.17 Additional evidence dif-
ferentiates patients with SDDs (with or without drusen)
and those with only drusen: Patients with SDD, strik-
ingly, are mostly female and have decreased longevity.7

SDDs are specifically associated with Type 3 NV,18

nonexudative, multilobular geographic atrophy,6 and
adverse impact on rod-mediated dark adaption.19

It is important to realize, however, that neither
associations nor outcomes are disease mechanisms. In
the case of disease outcome, combined cases of SDD
and drusen fare worse than either phenotype alone.
The incidence of fellow eye NV was significantly
higher, and the area of CC signal deficit on optical
coherence tomography angiography was significantly
greater in soft drusen plus SDD eyes than with either
phenotype alone.20,21 Hence, eyes with combined
lesions are not the same as those with only one. How-
ever, the simplest explanation here may be that a tissue
with two diseases (or two manifestations of a single
disease) fares worse than with just one, rather than
arguing that the combination itself is a phenotype.
In this article, we extend these distinctions with

genetics, serum risk markers, and associations with
vascular disease. For this purpose, we classified
patients with AMD, as has been customary in previous
studies,16,22,23 into two groups: SDD group, with or
without soft drusen, and non-SDD group (drusen only)
by retinal imaging. The purpose of these groupings is
to show that patients with SDDs, regardless of drusen,
have different characteristics, as just elucidated, from
non-SDD groups. For example, in the Comparison of
AMD Treatments Trials, patients in the SDD group
had higher frequency of the ARMS2 risk allele and
lower frequency of the risk allele CFH Y402H, com-
pared with the non-SDD group,23 replicating our pre-
vious findings.16 Thus, with the purpose that our
results can be directly related to the literature and to
these gaps in our understanding, we also direct our
study and hypotheses to these two groups of patients.
Hypothesis: 1. Subjects with SDD, with or without

drusen, and those without SDD (soft drusen only) have
different systemic associations, serum risks, and genetic
risks.
Hypothesis: 2. These lesions are markers for distinct

diseases that can both result in advanced AMD.
Hypothesis 2 will be supported by new associations but

cannot be proven without disease mechanisms. Thus,
different end-stages attendant to these different deposits
have been reviewed previously.24 The open question, con-
sidered here, is whether they are manifestations of a com-
mon pathophysiology, the disease intermediate AMD,24

or may represent distinct pathophysiologies, with actual
disease mechanisms remaining to be elucidated.

Methods

This prospective study was conducted at two tertiary
vitreoretinal referral centers in New York City: Vitreous
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Retina Macula Consultants of New York (L.Y. and
K.B.F.) and Department of Ophthalmology, New York
Eye and Ear Infirmary of Mount Sinai School of
Medicine (MSSM) (R.B.R. and R.T.S.), from January
2019 to January 2021 with impacted recruitment
secondary to the initial wave of COVID-19 during
March 2020 to September 2020. The institutional review
board of MSSM approved this study, which adhered to
the tenets of the Declaration of Helsinki (ClinicalTrials.
gov Identifier: NCT04087356).

Inclusion and Exclusion Criteria

All patients older than 50 years, diagnosed with
SDD and/or large soft drusen lesions of AMD in either
eye, who signed informed consent and completed a
study-related questionnaire were included. Advanced
AMD eyes were included, except that subjects with

bilateral NV were excluded (such eyes cannot be
reliably graded for SDD). In the case of unilateral NV,
with or without injections, all determinations were
made on the fellow eye. Other exclusion criteria were
patients with retinal degeneration other than AMD,
retinal vascular diseases (e.g., diabetic retinopathy),
prior retinal surgery (except intravitreal injections),
inadequate quality imaging per device specifications
(see imaging), and/or inconclusive medical or macular
diagnoses.

Patient Evaluation

All patients’ examinations included best-corrected
visual acuity, intraocular pressure (mmHg), slit-lamp
examination for iris color, and lens status (phakic or
pseudophakic). A questionnaire covered age, age of
AMD onset, antivascular endothelial growth factor

Fig. 1. Multimodal imaging of soft drusen and SDD in AMD. Left: near infrared reflectance images. Right: spectral domain optical coherence
tomography images. The green lines on the NIR images denote the location of the corresponding B-scans on SD-OCT. A. Soft drusen. NIR: soft drusen
have a hyperreflectant appearance. SD-OCT: soft drusen (blue arrows) lie between the basal lamina of the RPE and the inner collagenous layer of Bruch
membrane, which is seen intermittently where the RPE is elevated. The choroidal thickness is 309 mm. B. Pure SDD. NIR: SDDs are fairly homo-
geneous and fairly uniformly spaced hyporeflectant lesions that fill compact distributions with well-defined borders, an appearance pathognomonic for
SDD. Here, they are more numerous superiorly as is usually the case. SD-OCT. A few Stage I lesions not distorting the overlying EZ are seen between
Stage II SDDs (yellow arrows) that are large enough to distort the EZ. In this pure SDD case (no soft drusen), the choroidal thickness is 213 mm, thinner
than that in (A and C), the soft drusen and mixed phenotypes. C. Mixed drusen and SDD. NIR: mixed hyperreflectant soft drusen and hyporeflective
SDD. SD-OCT: soft drusen beneath the RPE (blue arrows). SDD: Stage II lesions large enough to distort the EZ (yellow arrows). The choroidal
thickness is 284 mm.
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(anti-VEGF) treatment (Y/N), sex, race/ethnicity, fam-
ily history of AMD, smoking history, body mass
index, histories of hypertension or diabetes, use of
acetylsalicylic acid, or antilipid medications. Vascular
history specifically covered stroke or transient ische-
mic attack and the following heart disease histories:
myocardial infarction, coronary artery bypass grafting,
angina, arrhythmia, positive stress test, positive car-
diac catheterization, stent, valve disease, and conges-
tive heart failure of any cause. These categories of
disease/criteria to include in the cardiovascular disease
(CVD) and stroke groups were determined in consul-
tation with experts in the field (J.N. and M.S.D.). All
patients reporting any vascular history, after review of
medical records, entered the CVD and stroke groups.
The records of patients who did not report vascular
histories were not reviewed.

Imaging

Volume SD-OCT scans (27 lines, automated retinal
tracking, 16 scans averaged per line, quality at least
[29–34], per the device specifications) and en face
autofluorescence and NIR scans (both 30°) centered
on the macula on the Heidelberg SPECTRALIS
HRA + OCT (Heidelberg engineering, Heidelberg,
DE) were obtained for all patients.

Image Analysis

Subretinal drusenoid deposits were identified on
SD-OCT imaging as lesions of intermediate reflectiv-
ity above the RPE following a published protocol3

presence and most advanced stage were determined
independently, and then to consensus by two retina
specialists (G.L.G. and O.O.M.). Any differences were
resolved by a senior grader (R.T.S.). Autofluorescence
and NIR images were used to confirm the presence of
SDD as fairly uniform, fairly uniformly spaced hypo-
autofluorescent, or hyporeflectant lesions that fill com-
pact distributions with well-defined borders.11 Dot and
ribbon SDD types were not distinguished. Soft drusen
were identified on SD-OCT imaging as lesions of
intermediate reflectance on the Bruch membrane ele-
vating the RPE (Figure 1). Pigment epithelial detach-
ments were included with soft drusen. Other drusen
phenotypes of lesser prevalence (calcified drusen and
cuticular drusen) were not included. A large soft dru-
sen was required to be .125 mm in diameter. Choroi-
dal thickness in both eyes was measured on a central
SD-OCT scan (Figure 1).

Serum Risk Markers for Atherosclerotic Disease

Blood samples for risk biomarkers of atherosclerotic
disease25 (high-density lipoprotein cholesterol [HDL-
c], low-density lipoprotein cholesterol [LDL-c], tri-
glycerides, total cholesterol, and high sensitivity C-
reactive protein) were obtained and rapidly centrifuged
at 1800g for 10 minutes before refrigeration. Lipid
levels were measured (Quest Diagnostics, Teterboro,
NJ) by spectrophotometry, and plasma levels of high
sensitivity C-reactive protein were measured by using
an immunoturbidimetric assay (Orion Diagnostica,
Finland).

Genetic Analysis

Blood samples for DNA were immediately stored at
270°C until shipped on dry ice to LGC Genomics
(LGC Biosearch Technologies, Hoddesdon, United
Kingdom). Genomic DNA was extracted from periph-
eral blood leukocytes according to the established pro-
tocols. Genotyping was performed using a KASP
(Kompetitive Allele-Specific PCR, LGC Genomics)
genotyping assays designed to each target variant
within 1,536-well PCR plates. Fluorescence was de-
tected using the BMG PHERAstar (BMG Labtech
GmbH, Ortenberg, DE) and genotyping calls assigned
based on cluster plots within the LGC Genomics Kra-
ken software.
The samples were assessed for single-nucleotide

polymorphisms in 9 genes associated with AMD: CFH
(Y402H allele), ARMS2-HTRA1 (69S allele), C3, C2/
BF (BF rs4151667, which identifies the H10 haplotype
of C2/BF), cholesteryl ester transfer protein (CETP),
hepatic lipase (LIPC), tissue inhibitor of metallopro-
teinase 3 (TIMP3), and apolipoprotein genes (APOE2
and APOE4). All are risk alleles except for the pro-
tective C2/BF, LIPC, and APOE4 alleles.26

Statistical Analysis

Data scientists (A.B. and A.G.) used “IBM SPSS
Statistics, version 27”; “Waikato Environment for
Knowledge Analysis (WEKA), version 3.8.5,” a data
modeling tool; and Microsoft Excel 365. Univariate
statistics were the chi-square test for categorical vari-
ables and a two-tailed t-test for continuous variables,
with medians, ranges, and/or interquartile ranges for
nonnormally distributed data. However, t-tests are
considered reliable even if the data are not normally
distributed, if the sample size is .30, and the popula-
tion from which the sample is drawn is normally dis-
tributed. T-tests were used only for HDL level and
choroidal thickness, and sample sizes were$ 62. Mul-
tivariate regression determined each variable’s
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significance after controlling for all other covariates.
For all tests, P , 0.05 was considered significant.

Results

Demographics and Clinical Characteristics

Subretinal drusenoid deposits were present in 62
subjects (29 pure, without large soft drusen, and 33
mixed cases) and absent in 64 subjects (non-SDD
group, pure soft drusen). Five disagreements were
resolved by consensus without arbitration. For the
SDD (non-SDD) groups, 67.7% (64.1%) were female
and 32.3% (35.9%, NS) were male. Regarding demo-
graphic, ocular, and clinical characteristics of patients,
acetylsalicylic acid use was significantly associated
with SDD (53 of 62 SDD vs. 30 of 64 non-SDD, P =
0.007), and the mean choroidal thickness was less in
SDD left eyes than in non-SDD left eyes (mean 146 ±
58 vs. 177 ± 59 mm, P = 0.003; median 161.5, range
78–228 mm vs. median 177.5, range 90–286 mm), and
similarly for right eyes (Table 1). All other compari-
sons were not significant.

Serum Risk Markers for Cardiovascular Disease
and Stroke

Regarding the cholesterol panel and high sensitivity
C-reactive protein, the mean HDL was significantly
lower in SDD (mean 61 ± 18; median 57, interquartile
ranges 19) than in non-SDD subjects (mean 69 ± 22, P
= 0.038; median 69, interquartile ranges 29) as given
in Table 2. All other comparisons were not significant.

Cardiovascular Disease and Stroke

Of the 126 subjects, 51 had CVD or stroke: 34 of 51
had SDD and 17 of 51 had non-SDD. Seventy-five had
non-CVD or stroke, of whom 28 had SDD and 47 had
non-SDD (odds ratio 3.36, 95% confidence interval
1.59–7.09, P = 0.0012).

Genetics

The ARMS2 risk allele frequency was significantly
higher (41.6%) in the SDD group than in the non-SDD
group (28.5%; odds ratio 1.79, 95% confidence inter-
val 1.15–3.03, P = 0.03). The CFH risk allele frequen-
cies were similar in the 2 groups (56% and 53.2%; P =
0.66).
APOE2 and CETP risk allele frequencies were high-

er in the non-SDD group than in the SDD group
(14.3% vs. 5.9%, and 43.6% vs. 32.5%, P = 0.03
and 0.07, respectively). Allele frequencies and signif-
icance of correlations with SDD or non-SDD of
haplotype-tagging single-nucleotide polymorphisms
from the AMD-associated loci are summarized in
Table 3.
Dividing the subjects into pure SDD (n = 29) and

pure drusen (n = 64), the CFH risk allele frequency
was significantly higher (61.4%) in the pure drusen
group than in the pure SDD group (36.8%; P = 0.04,
odds ratio 2.185, 95% confidence interval 1.03–4.65).
All other findings with this subdivision were NS.

Multivariate Regression

Multivariate regression found CVD or stroke and
ARMS2 homozygous risk significant for SDD risk (P =
0.008 and P = 0.038, respectively), after controlling for

Table 1. Baseline Demographic, Ocular, and Clinical Characteristics of Age-Related Macular Degeneration Patients With
or Without Subretinal Drusenoid Deposits

SDD Non-SDD P

Subjects, N 62 64 N/A
Sex (F/M), N 42/20 41/23 0.66*
Age, years, mean ± SD 81.3 ± 6.82 79.5 ± 7.9 0.17†
Race (White, %) 90 84 0.31*
Previous cataract surgery, % 56 50 0.46*
Smoking history (.6 months), % 61 56 0.56*
Hypertension, % 53 55 0.86*
Diabetes, % 9 12 0.61*
Relatives with AMD, % 29 33 0.64*
Antilipid medication, % 56 42 0.10*
Aspirin/blood thinner, % 53 30 0.007*
Subfoveal ChT OD 148 ± 53 179 ± 54 0.001†
Subfoveal ChT OS 146 ± 58 177 ± 59 0.003†

Boldface values indicate significant differences.
†Independent t-test.
*Chi-square test.
ChT, choroidal thickness; F, female; M, male; OD, right eye; OS, left eye.
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all other covariates (Tables 1–3). Acetylsalicylic acid use
was not analyzed for multivariate SDD risk, considering
the evident strong association of vascular diseases with
SDD.

Discussion

The central hypothesis presented in this article is
that SDD and soft drusen are markers for two separate,
but often coexisting, diseases that may result in either
form of advanced AMD. The phenomenon of separate,
perhaps coexisting, diseases resulting in similar poor
outcomes and organ dysfunction is the norm in
medicine rather than the exception, for example, the
many unique paths to heart failure. What we have
shown, specifically, is that patients with SDD, with or
without drusen, differ significantly from non-SDD
eyes in AMD in their associations with CVD and
stroke, serum risks, and genetic risks, consistent with

the concept of distinct disease pathways, but not proof.
As mentioned before, differences between these
patients, eyes, and the lesions themselves have already
accumulated from diverse disciplines: anatomy, his-
tology, imaging, retinal function, clinical outcomes,
biochemistry, and choroidal vascular anatomy.
In addition, we have shown by multivariate regression

that the known ARMS2 risk for SDD is independent of
the CVD and stroke risk for SDD found herein, suggest-
ing two independent mechanisms for SDDs themselves:
molecular genetic as just discovered in the former27 and
vascular-related as we have demonstrated in the latter.
The strong association shown here between CVD and
stroke, the leading causes of death in the developed
world, and SDDs, a major form of AMD, the leading
cause of blindness, is particularly important. Previous
studies of AMD as a whole have not found consistent
relations. Specific studies of SDD in this context might
lead the way to a vascular mechanism.

Table 2. Cholesterol Panel and C-Reactive Protein Values of Age-Related Macular Degeneration Patients With or Without
Subretinal Drusenoid Deposits

SDD Non-SDD P

Total cholesterol, mg/dL 182 ± 44 193 ± 37 0.13*
Triglycerides, mg/dL 121 ± 57 128 ± 73 0.55*
HDL cholesterol, mg/dL 61 ± 18 69 ± 22 0.038*
VLDL cholesterol, mg/dL 26 ± 19 27 ± 18 0.87*
LDL cholesterol calc, mg/dL 97 ± 36 97 ± 32 0.99*
hsC-reactive protein cardiac, mg/L 4.2 ± 8 3.8 ± 8 0.79*

The results are presented as mean ± SD.
Boldface values indicate significant differences.
*Independent t-test.
Calc, calculated; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SDD, subretinal drusenoid deposits; VLDL, very-low-

density lipoprotein.

Table 3. Allele Frequencies of Significant Single-Nucleotide Polymorphismss From the Age-Related Macular
Degeneration–Associated Loci

SNP

SDD Non-SDD

OR (SDD/non-SDD) 95% CI PN % N %

APOE2, rs7412 7 5.9 18 14.3 0.38 0.152–0.942 0.03*
C3, rs2230199 89 74.1 90 71.4 1.15 0.654–2.016 0.62*
ARMS2, rs10490924 50 41.6 36 28.5 1.79 1.151–3.034 0.03*
CFH, rs1061170 65 56 65 53.2 1.12 0.671–1.863 0.66*
*LIPC, rs10468017 22 18.3 26 20.6 0.86 0.459–1.625 0.64*
CETP, rs3764261 39 32.5 55 43.6 0.62 0.370–1.045 0.07*
*C2/B, rs4151667 2 1.7 3 2.4 0.70 0.114–4.238 0.69*
TIMP3, rs9621532 7 5.8 10 8.2 0.69 0.255–1.887 0.47*
*APOE4, rs429358 9 7.5 8 6.3 1.20 0.446–3.209 0.72*

Boldface values indicate significant differences.
All are AMD risk alleles except protective alleles *C2/B, *LIPC, and *APOE4.
*Chi-square test.
APOE2, apolipoprotein E2 gene; APOE4, apolipoprotein E4 gene; ARMS2, age-related maculopathy susceptibility gene; CETP,

cholesteryl ester transfer protein gene; CFH, complement factor H gene; CI, confidence interval; C2/B, complement 2 fraction B gene; C3,
complement C3 gene; htSNP, haplotype-tagging single-nucleotide polymorphism; LIPC, hepatic lipase gene; OR, odds ratio; SDD,
subretinal drusenoid deposits; TIMP3, metalloproteinase inhibitor 3 gene.
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The lipid dynamics of drusen with esterified choles-
terol and SDD with nonesterified cholesterol1 are com-
plex. Lipid in drusen and in the plaques of atherosclerotic
disease led to a long search for common mechanisms in
these lesions. However, although Bruch membrane lipids
do resemble plasma LDL (the major source of plaque
cholesterol), the RPE itself, not plasma, is the source of
both drusen and SDD per the best evidence to date: a 2-
lesion, 2-compartment biogenesis model, dissimilar to
atherosclerosis.17

The risk marker of low serum HDL for atherosclerotic
disease, and for SDD in this study, actually runs contrary
for AMD in general, with higher HDL increasing risk.28

The explanation is that previous studies used color pho-
tography, which is sensitive to drusen but not SDD.
They therefore indeed could show that high HDL is a
risk for drusen, but with no information on SDD.28 This
now makes sense that low HDL, which is a risk for CVD
and stroke, which we just have found are a risk for SDD,
is a risk for SDD themselves and the other AMD path-
way. The effect HDL has on AMD is not uniform, de-
pending on the pathway. Furthermore, as shown in this
study, eyes with only drusen have higher rates of the
AMD risk alleles, APOE2 and CETP, than eyes with
SDD, with or without drusen. This likewise suggests that
the AMD risk of these alleles, such as high HDL, is
mediated through drusen.
Many (29 of 62) cases of pure SDD (without

drusen) further suggest that SDD is a distinct retinal
pathology. Damage from SDD then can lead, along
with that of soft drusen, to advanced AMD. However,
the lesions of geographic atrophy consequent to drusen
or SDD still have distinguishing morphologic6 and
autofluorescence characteristics,29 consistent with dif-
ferent mechanisms.
This study has several limitations. The small sample

size requires replication in larger cohorts. Furthermore,
this study cohort is a mostly Caucasian elderly population
with AMD, which requires examination in more diverse
cohorts, for example, in Asians, with polypoidal choroidal
vasculopathy. The SDD ribbon and dot types were not
considered nor were other drusen phenotypes (calcified
drusen and cuticular drusen). Vascular histories were
patient reported. Detailed data on cardiac and carotid
status in future studies would help interpret these results.
Strengths of this prospective study at two tertiary

retina referral centers include rigorous patient selection
and AMD phenotyping with high-quality multimodal
imaging for drusen and SDD. Inclusion of new data
from the fields of cardiovascular disease and stroke,
serum risk factors, and genetics have herein been
added to the already broad platform of existing
evidence differentiating patients with SDD from
patients with only drusen.

Conclusion

The SDD and soft drusen pathways, now considered
to be components of one disease, intermediate AMD,
actually may be two separate, often coexisting diseases
that both can lead to advanced AMD. We have added
new data to the library of differing associations and
dissimilar physical attributes from systemic vascular
associations, serum risks, and genetic risks. These are
not proof of different cause and effect, but the growing
mass of such differences, without a single significant
unifying observation to balance it, is striking. Even the
final stages (NV and MA) of advanced AMD are
dissimilar.
There may be very real practical benefit from

considering this model. As shown here, many patients
with AMD demonstrate only one of these index
lesions. Patient care could be personalized by consid-
eration of the risk factors operative in given individ-
uals. Research on the mechanisms of AMD could be
guided by studying those risks that apply specifically
to only one or the other pathway, for example, the
independent CVD and stroke risk and ARMS2 molec-
ular risk for SDD; the specific HDL and APOE2 risks
for soft drusen. These distinctions could enable
focused attention on specific risks and single path-
ways, with correspondingly higher chances of success.
The specific association of cardiovascular disease and
stroke with SDD in particular merits further study.

Key words: age-related macular degeneration, cho-
roid, cardiovascular disease, drusen, genetics, risk fac-
tors, stroke, subretinal drusenoid deposits.
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