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T
he most common form of acquired human

vision loss may also be the most predictable,

thanks to research into the genetic nature of

age-related macular degeneration (AMD). Most

of the risk of AMD-associated choroidal neovasculariza-

tion (CNV) is related to inherited genetic features that

have been elucidated only since 2006. 

Human genetic variation can be found in the primary

code sequence of DNA (sequence variability), in the

number of copies of key parts of the genome (copy num-

ber variability), and in biochemical modification of con-

trolling regions of the genome (epigenetic variability).1,2

With deeper understanding of the structure and the

nature of DNA variability and the rapidly falling cost of

determining such variability, the contribution of inherit-

ed genetics to common human diseases is being elucidat-

ed. Early attempts to identify disease-associated variation

involved the selection of variations within candidate

genes to conduct classic case-control studies. Technical

evolution has allowed more than a million sites of vari-

ability distributed over the entire genome to be inexpen-

sively measured and variations associated with specific

diseases to be determined in an unbiased fashion. 

Both the candidate gene approach and genome-wide

association studies (GWAS) have been used to elucidate

sequence variation associated with AMD.3 Early work

identified the potential importance of the complement

family of inflammatory proteins in AMD on the basis of

biochemical analysis of retinal drusen. As the genes and

naturally occurring sites of variability for all the comple-

ment cascade proteins became known, statistically sig-

nificant associations with neovascular AMD were iden-

tified. To date, convincing and reproducible association

of variations in the complement factor H (CFH), com-

plement factor I (CFI), complement factor B (CFB) and

complement component (CC3) genes have been

demonstrated.4-10 The strongest associated among

these, CFH, when present in risk forms on both the

maternal and paternal chromosome, confers significant

risk, with odds ratios reported to be as high as 15 when

compared with individuals without any risk alleles.11 In

comparison, smoking as a risk factor for lung cancer is

not as predictive, with an odds ratio of 9.1. 

Genome-wide association studies have identified

cholesterol-metabolizing genes as risk factors for late

stage AMD, consistent with the presence of this mole-

cule in drusen. Variations in hepatic triglyceride lipase

(LIPC), ATP-binding cassette transporter 1 (ABCA1),

lipoprotein lipase (LPL), and cholesterol ester transfer

protein (CETP) are all associated with neovascular

AMD.12,13 Xanthophills, such as zeaxanthine, mesozeax-

anthine, and lutein are transported across lipid bilayer

membranes by high-density lipoprotein cholesterol,14

suggesting a link between cholesterol metabolism and

macular pigments. Dietary deficiency of xanthophils is

associated with a heightened risk of AMD.15 

Other strong predictors of AMD risk can be found

within the mitochondrial genome; variations have

been found within haplotypes J, T and U and in a sin-

gle SNP found at mitochondrial genome position

4917.16,17 A gene found on chromosome 10 whose

product appears to localize to the mitochondria is

associated with AMD when found in a form affecting

mRNA stability.18,19 A small insertion-deletion (indel)

polymorphism within the ARMS2 gene is strongly

associated with disease with an odds ratio second only

to the CFH locus.19

CLINICAL EVALUATION OF GENETIC RISK

FOR A MD PROGRE SSION

AMD is one of the best examples of a chronic degener-

ative genetic disease discovered to date, with heredity

representing over 70% of the risk of developing the dis-

ease.12 Genetic testing can identify individuals with an

increased risk for advanced AMD. Early identification of

at-risk patients may prevent vision loss or slow the pro-
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gression of the disease through individualized treatment

based on age and risk level. Frequent monitoring of indi-

viduals with an increased risk for advanced AMD may

result in early detection of small CNV lesions and may

lead to improvement of long-term visual acuity through

earlier treatment. Additionally, environmental risk factors

can be identified and lifestyle modifications can be made

to reduce the risk for developing advanced AMD. 

Macula Risk (ArcticDx, Inc., Toronto, Canada) is a com-

mercially available prognostic genetic test for patients

diagnosed with early or intermediate AMD. Using an

algorithm based upon the complete combination of

AMD genes and smoking history, the genetic test identi-

fies those most likely to progress to advanced AMD with

vision loss. Tested patients are stratified into risk cate-

gories. In this grouping, 20% of patients are predicted to

have a higher than average lifetime risk of advanced

AMD, with 1% of these falling into a high risk group with

a predicted 65% chance of developing geographic atro-

phy or CNV. The ability to identify patients at risk allows

physicians to tailor a management plan more appropri-

ate for individual patients.

COLL ABOR ATIVE SYSTE M

At our practice, Tennessee Retina, we are in the early

stages of using the Macula Risk test as part of a collabo-

rative system with primary care eye doctors. The goal of

this partnership is to identify patients at increased risk of

vision loss due to AMD. We hope to develop manage-

ment algorithms to reduce the risk of disease progression

and to increase the chances of earlier detection of neo-

vascular AMD.

For example, a typical patient seen in a primary eye

care doctor’s office might be aged 70 years with a few

intermediate soft drusen in each eye (AREDS category

2) and excellent vision. Acceptable follow-up for such

a patient might be a return visit in 1 year. What if,

however, genetic testing reveals this patient to be in

the highest genetic risk category? Certainly, it would

be reasonable to recommend more frequent examina-

tions. Although the average patient sharing this phe-

notype was not shown to benefit from nutritional

supplements in AREDS, it might also be reasonable to

suggest supplements for this particular patient.

Similarly, use of an Amsler grid or even home preferen-

tial hyperacuity perimetry testing (ForeseeHome,

Notal Vision, Inc., St. Louis) might be justifiable for the

1% of patients who share this highest degree of genetic

risk. The patient’s primary care eye doctor might rec-

ommend a baseline evaluation by a retina specialist,

which is where we enter the picture. Increased aware-

ness among patients and their doctors about AMD

should ultimately lead to earlier detection of advanced

AMD at a treatable stage.

CONCLUSION

A predictive genetic test for the risk of developing

advanced AMD may help clinicians to offer more per-

sonalized care for their patients with AMD. Because we

know that AMD progression has a strong genetic com-

ponent, this indication stands to be the first and most

durable dividend of chronic disease-directed genetic

research. ■
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