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History of Genotype Group Development

In 2001, the Age-Related Eye Disease Study 
(AREDS) reported a benefit from the use of a 
proprietary formulation of high-dose beta carotene, 
vitamin C, vitamin E, and zinc in preventing 
progression from intermediate AMD to advanced 
AMD.1 (In this review, AREDS-F will refer to 
this formulation, as well as later formulations that 
substituted lutein and zeaxanthin for beta carotene 
and optionally used a smaller dose of zinc.) 
Subjects with intermediate drusen and 20/32 or 
better vision in at least one eye (AREDS Category 
3) or advanced AMD (central geographic atrophic
or neovascular AMD) in one eye and 20/32 or
better vision in the other eye (Category 4) had 25%
reduced risk of progression to advanced AMD.
Interestingly, subgroup analysis indicated that the
protective effect from AREDS-F was for prevention
of advanced AMD due to neovascular AMD
(nvAMD) but not advanced AMD due to geographic
atrophy (GA). This difference of effect persisted on

1 Age-Related Eye Disease Study Research Group. A randomized, placebo-controlled, clinical trial of high-dose supplementation with 
vitamins C and E, beta carotene, and zinc for age-related macular degeneration and vision loss: AREDS report no. 8. Arch Ophthalmol. 
2001; 119:1417-1436. 

2 Chew EY, Clemons TE, Agrón E, et al. Long-term effects of vitamins C and E, β-carotene, and zinc on age-related macular degeneration: 
AREDS report no. 35. Ophthalmol 2013; 120:1604-1611. 

3 Klein ML, Francis PJ, Rosner B, et al. CFH and LOC387715/ARMS2 genotypes and treatment with antioxidants and zinc for age-related 
macular degeneration. Ophthalmol. 2008; 115:1019-1025. 

4 Awh CC, Lane AM, Hawken S, Zanke B, Kim IK. CFH and ARMS2 genetic polymorphisms predict response to antioxidants and zinc in 
patients with age-related macular degeneration. Ophthalmol. 2013; 120:2317-2323.

5 Seddon JM, Francis PJ, George S, Schultz DW, Rosner B, Klein ML. Association of CFH Y402H and LOC387715 A69S with progression 
of age-related macular degeneration. JAMA. 2007; 297:1793-1800.

6 Yu Y, Reynolds R, Rosner B, Daly MJ, Seddon, JM. Prospective assessment of genetic effects on progression to different stages of age-
related macular degeneration using multistate Markov models. Invest Ophthalmol Vis Sci. 2012; 53:1548-1556. 

long-term follow-up of the AREDS subjects.2 

In 2008, Klein et al. reported that the risk of 
advanced AMD in subjects who used AREDS-F was 
influenced by the presence of high-risk complement 
factor H (CFH) risk alleles.3 (See glossary.) This 
prompted Awh and colleagues to examine the 
interaction of combinations of CFH and other AMD 
risk alleles with AREDS-F use in progression to 
advanced AMD. 

In 2013, Awh et al.’s retrospective analysis of 
the AREDS data indicated that AREDS study 
subjects with different combinations of CFH and 
age-related macular susceptibility 2 (ARMS2) 
risk alleles (i.e., different genotype groups) had 
different treatment responses to the AREDS-F.  It 
appeared that some subjects benefited while others 
were harmed.4 Previous studies had shown that, 
among genes associated with macular degeneration, 
polymorphisms of CFH and ARMS2 have the largest 
effect on progression to advanced AMD.5, 6

Introduction

Does routine genetic testing help clinicians identify which age-related macular degeneration (ARMD) patients 
should use AREDS formulation antioxidants (AREDS-F)? The data, which include results of a study done 
by our practice, are complex and sometimes appear to be conflicting. Overall, I find that there is compelling 
evidence that AREDS-F is very protective for many patients with AMD, but there is also a sizeable subset of 
AMD patients who can be harmed by AREDS-F. Many authorities disagree, claiming that AREDS-F benefits all 
patients with dry AMD who meet certain eligibility criteria for the supplement. I will do my best to present their 
position clearly and accurately.
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In 2015, Awh et al.7 reported that AREDS subjects 
in “Genotype Group 2” (GTG 2: high CFH risk 
and low ARMS2 risk – about 13% of subjects) had 
increased risk of AMD progression if they used 
AREDS-F compared to those receiving placebo. 
In contrast, subjects in “Genotype Group 3” (GTG 
3: low CFH risk and high ARMS2 risk – about 
35% of subjects) had substantially reduced risk of 
AMD progression if they used AREDS-F. They also 
reported that a modest, non-statistically significant 
benefit accrued to those taking AREDS-F who were 
in “Genotype Group 1” (low CFH and low ARMS2 
risk). There was no evident benefit or harm from 
using AREDS-F for “Genotype Group 4” subjects 
(high CFH and high ARMS2 risk). (Table 1)

7 Awh CC, Hawken S, Zanke BW. Treatment response to antioxidants and zinc based on CFH and ARMS2 genetic risk allele number in the 
Age-Related Eye Disease Study. Ophthalmol. 2015; 122:162-169. 

8 Chew EY, Klein ML, Clemons TE, Agrón E, Abecasis GR. Genetic testing in persons with age-related macular degeneration and the use 
of AREDS supplements: To test or not to test? Ophthalmol. 2015; 122:212-215.

9 Wittes J, Musch DC. Should we test for genotype in deciding on Age-Related Eye Disease Study supplementation? Ophthalmol. 2015; 
1:3-5.

10 Seddon JM, Silver RE, Rosner B. Response to AREDS supplements according to genetic factors: survival analysis approach using the 
eye as the unit of analysis. Br J Ophthalmol. 2016; 100:1731-1737.

Early Criticisms and Further Research

Skeptics noted that there were many ways that 
the genotype groups could have been defined. 
They argued that Awh et al.’s claim of statistical 
significance should have been adjusted for multiple 
statistical testing because the subgroups were 
defined post hoc.8, 9 A Bonferroni correction for 
multiple variables in a retrospective analysis, for 
example, would have negated Awh et al.’s claim 
of statistically significant harm from AREDS-F 
for GTG 2 subjects. Also, Awh et al.’s 2015 
report included AREDS data that were also used 
in their 2013 report, and therefore it was not an 
independent validation of their earlier hypothesis. 
Understandably, many clinicians were not 
convinced that genetic testing should be used to 
guide AREDS-F use. 

In 2016, Seddon et al.10 reported data on four 
genotype groups that were similar to those of Awh 
et al.7 They showed decreased risk of nvAMD from 
AREDS-F use for subjects in a genotype group that 
was similar to Awh et al.’s GTG 3, analogous to 
what Awh et al. had found. Also, the risk of nvAMD 
appeared to be increased in a group with moderate 
or high CFH risk and low ARMS2 risk, but the 
effect was not statistically significance in this 
small group. The failure to demonstrate statistical 
significance might have been due in part to the 
inclusion of some subjects with moderate CFH risk 
in this group, unlike Awh et al.’s GTG 2, which 
included only high-risk CFH subjects. Though 
Seddon et al. did not demonstrate statistically 
significant harm from AREDS-F use for any of 
their genotype groups, they did find a significant 
interaction between genetics and AREDS-F use for 

Genotype 
Group

Treatment 
Group

Hazard 
Ratio

p-value 95% 
confidence 
Interval

1
Antioxidants 0.38 0.03 (0.16-0.93)
Zinc alone 1.03 0.93 (0.50-2.14)
AREDS-F 0.8 0.54 (0.39-1.63) 

2
Antioxidants 1.33 0.61 (0.48-3.96) 
Zinc alone 3.07 0.02 (1.18-8.00) 
AREDS-F 2.73 0.04 (1.04-7.20) 

3
Antioxidants 0.72 0.19 (0.44-1.18) 
Zinc alone 0.51 0.01 (0.31-0.86) 
AREDS-F 0.57 0.03 (0.35-0.93) 

4
Antioxidants 0.85 0.56 (0.49-1.48)
Zinc alone 0.93 0.82 (0.53-1.65) 
AREDS-F 0.88 0.65 (0.50-1.55) 

Table 1. Interactions between genotype groups and Age-Related 
Eye Disease Study treatment groups in risk of progression to 
advanced AMD, from Awh et al. (2015)
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progression to nvAMD. The AREDS did not find 
an interaction between AREDS-F use and risk of 
advanced AMD due to geographic atrophy,1 and 
likewise Seddon et al. did not find an interaction 
between genotype group and AMD progression due 
to GA.

Given the retrospective nature of these analyses, 
there was a need for a new dataset to test the 
hypothesis that there is a clinically significant 
interaction between genotype groups and response 
to AREDS-F. Fortunately, Vavvas et al. gained 
access to genotype data from AREDS samples 
that were not part of the Awh et al. dataset, which 
could serve as a validation dataset.11 They tested 
the hypothesis that AREDS-F use increases the 
risk of nvAMD for subjects in Awh et al.’s GTG 2 
and decreases the risk for subjects in Awh et al.’s 
GTG 3. Among 160 subjects in GTG 2 or GTG 3 
who had used AREDS-F or placebo, they found 
significant harm from AREDS-F use for GTG 2 
subjects (hazard ratio 4.9, p=0.021) and benefit 
from AREDS-F use for GTG 3 subjects (hazard 
ratio 0.36, p=0.003).

In addition, to get the most accurate estimate of 
effect size, Vavvas et al. used all available AREDS 
genetic data. They found that subjects in GTG 2 
had a statistically significant greater incidence of 
nvAMD compared to placebo, and those in GTG 3 
had a reduced risk (Table 2). 

Vavvas et al. also did 0.632 bootstrap analysis of the 
data. This sophisticated statistical technique is an 
effective strategy to ascertain whether retrospective 
data showing a correlation between two variables 
reflects actual cause-and-effect. It involves multiple 
instances of randomly removing data points from 
a retrospective data set and replacing these data 
points by duplicating randomly chosen data points 
from the same data set. Upon repetition, this process 
yields new data sets, which Vavvas et al. used to 

11 Vavvas DG, Small KW, Awh CC, Zanke BW, Tibshirani RJ, Kustra R. CFH and ARMS2 genetic risk determines progression to 
neovascular age-related macular degeneration after antioxidant and zinc supplementation. Proc Natl Acad Sci USA. 2018; 115:E696-E704.

12 Vickers AJ. Pharmacogenomics of antioxidant supplementation to prevent age-related macular degeneration. Proc Natl Acad Sci USA 
2018; 115:E5369.

compare a model hypothesizing an interaction 
between genetics and response to AREDS-F use to 
a model hypothesizing no interaction. The bootstrap 
process was repeated 100,000 times, and Vavvas 
et al. found, with greater than 95% confidence, 
that the proposed interaction between genetics and 
AREDS-F was valid.

Thus, Vavvas et al. provided compelling, but 
not definitive, evidence for use of genotyping to 
guide AREDS-F use. Critics noted that the data 
were derived retrospectively.12 Also, unlike Awh 
et al.,7 Vavvas et al. did not include progression 
to advanced AMD due to geographic atrophy. 
This exclusion of geographic atrophy was a novel 
contribution to the hypothesis that AREDS-F is 
harmful for some patients. Though this exclusion 
was grounded in prior reports,1,10 Vavvas et al.’s 
protocol was not strictly a test of Awh et al.’s 
findings. 

Geographic Atrophy Neovascular AMD
Genotype 
Group

HR p-value HR p-value

1 0.7 0.4 1.41 0.43

2 1.04 0.93 2.92 0.018

3 0.6 0.09 0.5 0.008
4 0.88 0.74 1.03 0.91

Interaction 
(X2, 2 df)

- 0.62 - 0.01

Table 2. From Vavvas et al.,11 using all available genetic 
samples, hazard ratio of progression to advanced AMD due to 
central geographic atrophy or due nvAMD in the four genotype 
groups from use of AREDS-F versus placebo (n = 802)
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A “Real-World” Clinical Study

Because the issue remained controversial, my 
colleagues and I did a case-only study of patients 
with nvAMD.13 In patients with recent-onset 
nvAMD, we obtained an AREDS-F use history 
and sent samples for genotyping. We were masked 
to patients’ genotypes, and the genetic testing 
facility was masked to the patients’ AREDS use 

13 Kaufman SR, Yoganathan P, Small KW, et al. Genetics and Age-Related Eye Disease Study formulation interaction in neovascular age-
related macular degeneration. J VitreoRetinal Dis. 2021; 5:46-52.

histories. If Awh et al. and Vavvas et al. were 
correct, among patients in GTG 2 one would 
expect a disproportionate number of AREDS-F 
users, because the supplement appeared to increase 
nvAMD risk for GTG 2 patients. Similarly, 
among patients in GTG 3 one would expect a 
disproportionately high number of AREDS-F non-
users, because if they had used AREDS-F they 
would have been protected from nvAMD.  (Figure 1)

STUDY RESULTS

If there were no interaction between 
genotype groups and AREDS Formulation 
use, the ratio of users to non-users 
SHOULD BE THE SAME in GTG 2 as GTG 3

Varvas et al.’s findings predict that the ratio 
of users to non-users will be HIGHER IN 
GTG 2, and the ratio of users to non-users 
will be LOWER IN GTG 3

32%
USERS

68%
NON-USERS

GTG 2n = 32

n = 15
10%
USERS

90%
NON-USERS

GTG 3

n = 12

n = 107

Figure 1 reprinted with permission from Retina Times and the American Society of Retina Specialists.© Copyright 2021, American 
Society of Retina Specialists. All rights reserved.

USERS

NON-USERS

GTG 2 GTG 3

USERS

NON-USERS

GTG 2 GTG 3
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We compared the ratio of AREDS-F users to 
AREDS-F nonusers for GTG 2 patients to the ratio 
of users to non-users for GTG 3 patients. We found 

a strong interaction, with an odds ratio of 4.18 
(p=0.001). (Figure 2) 

Genotype 
Group

AREDS-F 
users

AREDS-F 
nonusers

Odds Ratio
users:non-users

GTG1 
(n=37, 14%)

5 32 0.16

GTG2 
(n=47, 18%)

15 32 0.47

GTG3
(n=119, 45%)

12 107 0.11

GTG4
(n=62, 23%)

14 48 0.29

Table 3. Ratio of users to non-users for the four genotype 
groups in Kaufman et al.13

In addition, Awh et al.’s and Vavvas et al.’s data 
predicted that the ratio of users to nonusers for GTG 
1 and GTG 4 patients should be lower than that 
of GTG 2 patients and higher than that of GTG 3 
patients, and this is what we found. (Table 3)

Our study had limitations. There was no control 
group without nvAMD, and consequently the 
study could neither prove that AREDS-F use 
increased nvAMD in GTG 2 patients nor that it 
decreased nvAMD in GTG 3 patients. Importantly, 
a case-only study design is valid only if the two 

14 Flaxel CJ, Adelman RA, Bailey ST. Age-Related Macular Degeneration Preferred Practice Pattern.® Ophthalmol. 2020; 127:P1-P65.  

variables, in this case AREDS-F use and genotype, 
are otherwise independent. For example, if one 
genotype predisposed to clinical features that might 
encourage prescribing AREDS-F, this might have 
accounted for our findings. We used AREDS data to 
demonstrate that there was no significant difference 
in phenotype between subjects in GTG 2 and those 
in GTG 3. 

The American Academy of Ophthalmology 
Discourages Genetic Testing

Despite the evidence for harm from the use of 
AREDS-F for GTG 2 patients, relatively few eye 
doctors currently recommend genotype analysis for 
their AMD patients. This is likely a consequence 
of the American Academy of Ophthalmology’s 
Preferred Practice Pattern® (AAO PPP) conclusion 
that “the routine use of genetic testing is not 
supported by the existing literature and is not 
recommended at this time.”14 Because AAO PPP 
guidelines have tended to be very influential and 
because this PPP presumably used the best available 
evidence against routine genetic testing to support 
this conclusion, I will focus on the studies that 
undergird the AAO PPP’s stance.

PATIENTS RATIO P VALUE

GTG 2 PATIENTS
4.24.2 0.0010.001

GTG 3 PATIENTS

Figure 2

USERS 1515 0.470.47

0.110.1112USERS

NON-USERS 3232

107NON-USERS
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The AAO PPP’s opposition to genetic testing was 
grounded largely on two reports. The first was a 
reply to Awh et al.’s 2015 paper by Chew et al.8 
With a “residual cohort” of subjects not studied 
by Awh et al., they claimed that “for all 4 of 
the genotypic groups reported by Awh et al, the 
combination of antioxidants and zinc [AREDS-F] 
was found to be beneficial and the treatment of 
choice.” The residual cohort was comprised of 526 
subjects, which was 53% of the size of Awh et al.’s 
dataset. While the residual cohort did not confirm 
Awh et al.’s findings, this could have been due to 
the much smaller size of the dataset. Moreover, 
Chew et al. did not include basic statistical data 
typically provided in such reports, such as the 
number of subjects in each genotype group, the 
number of progression events, or the p value of the 
findings.

A colleague reviewed the actual residual cohort 
data.15 The data do not accord with Chew et 
al.’s claim that AREDS-F benefits subjects in 
all genotype groups. Awh et al.7 looked at AMD 
progression events between years 2-7 after 
enrollment to avoid events that were unlikely 
related to AREDS-F use. Chew et al.’s data show 3 
progressive events out of 17 GTG 2 subjects who 
received AREDS-F and 3 events out of 19 GTG 2 
subjects who received placebo during study years 
2-7 (p=0.90). If we look at progression events 
during years 0-5, which was the period reported 
in the AREDS,1 there were 3 events among GTG 
2 subjects receiving AREDS-F and 4 among those 
receiving placebo (p=0.63). Either way, the modest 
“benefit” did not approach statistical significance, 
which would have been obvious to readers had the 

15 Personal communication from Rafal Kustra, who had access to the residual cohort database. 
16 Assel MJ, Li F, Wang Y, Allen AS, Baggerly KA, Vickers AJ. Genetic polymorphisms of CFH and ARMS2 do not predict response to 
antioxidants and zinc in patients with age-related macular degeneration: Independent statistical evaluations of data from the Age-Related 
Eye Disease Study. Ophthalmol. 2018; 125:391-397.

17 Chew EY, Klein ML, Clemons TE, Agrón E, Abecasis GR. Author’s reply. Ophthalmol. 2015; 122:e46-e47.

data been reported.

The AAO PPP also emphasized the analyses of 
Assel et al.,16 which focused on the Awh et al. 
2015 report.7 The AAO PPP stated, “Statistical 
experts found errors in the data used to support an 
association, and bias in the analyses used to support 
genetic testing.”14 Regarding errors, the principal 
concern was that Awh et al. reported an incorrect 
number of CFH risk alleles for some of the subjects. 
However, these errors, while perhaps embarrassing, 
had no effect on genotype group assignments and 
therefore did not impact Awh et al.’s findings and 
conclusions. 

Regarding bias, Assel et al. criticized how Awh et al. 
generated the genotype groups. With multiple ways 
that Awh et al. could have defined the genotype 
groups, it was possible that their discovery of 
statistical significance resembled a poor archer who, 
with enough arrows, is likely to hit a bull’s eye.17 
The legitimate concern about overfitting of data is 
reduced by examining the effect of zinc alone to 
placebo. Awh et al. found significant interactions 
between their genotype groups and the response to 
zinc alone compared to placebo for GTG 2 (hazard 
ratio 3.07, p=0.02) and GTG 3 subjects (hazard ratio 
0.51, p=0.01). These responses were in the same 
direction as the responses to AREDS-F for GTG 
2 and GTG 3 subjects. (Table 1) If the genotype 
groups were generated by overfitting of data to 
show an interaction between genetics and AREDS-F 
use, one would not expect these same genotype 
groups to have analogous, significant interactions 
with a related supplement. Importantly, this related 
supplement (zinc alone) is a mineral known to 
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interact with and alter the function of complement 
factor H.18,19 Further, certain CFH risk alleles are 
leading risk factors for the development of AMD.5,6 

Likewise, the Vavvas et al. validation dataset 
showed increased risk of nvAMD among GTG 2 
subjects receiving zinc alone versus placebo with a 
p value of 0.061, and zinc alone protected against 
nvAMD for GTG 3 subjects with a p value of 
0.078.20 As in the Awh et al. report,7 zinc alone had 
the same direction of effect as AREDS-F for GTG 
2 and GTG 3. The lack of statistical significance 
likely reflected the small sample size of the 
validation dataset. With analysis restricted to GTG 
2 and GTG 3 subjects in the zinc alone group, there 
was a significant interaction of zinc and genetics 
with p=0.032.20

Assel et al.’s third principal argument was that their 
analysis of all available AREDS data “did not find 
evidence to support the claim that supplementation 
leads to a large increase in the risk of advanced 
AMD in some genotype subgroups.” However, their 
analyses did not evaluate Awh et al.’s genotype 
groups. Instead, they looked at CFH and ARMS2 
risk alleles, not combinations of CFH and ARMS2 
risk alleles as Awh et al. had done. Awh et al.’s 
finding of statistical significance evidently derived 
from the additive effect of multiple risk alleles that 
interact with AREDS-F use. By not actually using 
Awh et al.’s genotype groups, Assel et al. could 
not claim that Awh et al.’s genotype groups were 
not helpful for predicting risk of progression to 
advanced AMD. 

Assel et al. included progression to advanced AMD 
due to geographic atrophy as well as nvAMD, as 

18 Nan R, Farabella I, Schumacher FF, et al. Zinc binding to the Tyr402 and His402 allotypes of complement factor H: possible 
implications for age-related macular degeneration. J Mol Bol. 2011; 408:714-735.

19 Nan R, Tetchner S, Rodriguez E, et al. Zinc-induced self-association of complement C3b and Factor H: implications for inflammation 
and age-related macular degeneration. J Biol Chem. 2013; 288:19197-19210.

20 Kustra R. Unpublished data on file. Dalla Lama School of Public Health, University of Toronto, Toronto, Canada.

21 van Asten F, Chiu C-Y, Agrón E, et al. No CFH or ARMS2 interaction with omega-3 fatty acids, low versus high zinc, or β-carotene ver-
sus lutein and zeaxanthin on progression of age-related macular degeneration in the Age-Related Eye Disease Study 2: Age-Related Eye 
Disease Study 2 Report No. 18. Ophthalmol. 2019; 126:1541-1548.

22 Age-Related Eye Disease Study 2 Research Group. Lutein + zeaxanthin and omega-3 fatty acids for age-related macular degeneration: 
the Age-Related Eye Disease Study 2 (AREDS2) randomized clinical trial. JAMA. 2013; 309:2005-2015.

Awh et al.7 had done. Recall that neither AREDS 
Report No. 8 nor Seddon et al.’s analysis of 
genotypes found an interaction between AREDS-F 
use and progression to advanced AMD due to 
geographic atrophy.1,10 Consequently, while Assel et 
al.’s paper had some relevance to the 2015 Awh et 
al. report,7 its relevance to the later Vavvas et al. and 
Kaufman et al. reports is dubious. 

The Vavvas et al. report should have largely quieted 
concerns about “bias.” It used the genotype groups 
previously defined by Awh et al., so overfitting of 
data was not a concern. They tested a hypothesis 
derived from Awh et al.’s and Seddon et al.’s work 
using a novel dataset.11 However, when citing 
Vavvas et al., the AAO PPP did not mention Vavvas 
et al.’s validation data set, it did not acknowledge 
Vavvas et al.’s finding that all available AREDS 
genetic data showed that AREDS-F use reduced 
nvAMD compared to placebo for GTG 3 subjects 
and increased nvAMD for GTG 2 subjects, and 
it did not discuss Vavvas et al.’s 0.632 bootstrap 
analysis. Instead, in reference to Vavvas et al., 
the AAO PPP said only, “Currently, only post 
hoc analysis data is available and results are 
conflicting.”

Another relevant study was AREDS 2 Report No. 
18,21 which compared the interaction of AMD risk 
alleles and the use of AREDS2 formulations22 to 
the interaction of AMD risk alleles and use of the 
original AREDS formulation. The investigators 
asserted, “Genotype did not modify significantly 
the response to any of the AREDS2 supplements.” 
However, all subjects received an AREDS-F 
supplement, and there was no placebo control 
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group. Therefore, they did not demonstrate safety 
or efficacy from any AREDS-F for GTG 2 subjects. 
One reasonable inference from their report was 
that, if the original AREDS-F was harmful to GTG 
2 subjects and beneficial for GTG 3 subjects, the 
AREDS2 formulations would have analogous 
effects.

Future Research Considerations

A randomized, controlled, prospective study 
would likely resolve the controversy, but there 
are several challenges. First, such a study would 
be comparable to the AREDS studies, which cost 
many millions of dollars. There are few institutions 
with sufficient resources to fund such a study and, 
for reasons discussed below, it is unlikely that the 
National Eye Institute (NEI) would be the sponsor. 
Second, given the strong evidence for harm from 
AREDS-F for GTG 2 patients, it might be unethical 
to expose these patients to the supplement. Third, 
with home genetic testing kits readily available, 
it will be difficult to prevent prospective or active 
research subjects from unmasking themselves 
by obtaining the genetic information they need 
to ascertain their genotype group. Fourth, the 
widespread use of AREDS-F among patients with 
AMD will make recruitment difficult. It is possible 
that those patients who have chosen not to use the 
supplements are not representative of AMD patients 
in general. 

The controversy about whether or not to use 
genotypes to guide AREDS-F use is distinctive, if 
not unique. While the NEI does not have an interest 
in nearly all questions related to eye health, it shares 
the lucrative patent for the AREDS formulations 
with Bausch and Lomb. In 2020, nutritional 
supplementation for AMD was the most profitable 

23 National Institutes of Health. FY 2020 Top 20 commercially successful inventions – Vaccines and Therapeutics category. FY-2020 Top 
20 Commercially Successful Inventions | Technology Transfer (nih.gov).

24 Harrison L. Financial gains taint debate about nutritional supplements. Medscape 11/13/16, www.medscape.com /viewarti-
cle/871848.

25 There was no potential conflict of interest among key co-authors of all reports showing an interaction between genetics and response 
to AREDS-F, including Demetrios Vavvas (Harvard University), Rafal Kustra (University of Toronto), Kent Small (University of California, 
Los Angeles), Johanna Seddon (Tufts University), myself (Case Western Reserve University), and my co-authors.

royalty for the entire National Institutes of Health.23 
Further, a top NEI official has personally made 
at least $1.8 million from his share of the patent 
revenue.24 That said, conflicts of interest do not 
invalidate legitimate scientific data. Consequently, 
I do not think the Awh et al. reports should be 
disregarded because some of the authors have 
a financial interest in ArcticDx, which does the 
genotype testing and analysis.25 However, many 
academicians and other “thought leaders” rely on 
NEI grants professionally. It is reasonable to be 
concerned that those who find the case for genetic 
testing compelling would be hesitant to publicly 
endorse genetic testing.  

Conclusion

The reports by Awh et al.7 and Vavvas et al.11 
indicate that AREDS-F increases the risk of 
nvAMD for patients in GTG 2 while protecting 
those in GTG 3. Vavvas et al.’s 0.632 bootstrap 
analysis and their use of previously defined 
genotype groups and a novel validation set were 
particularly compelling.  However, both Awh et al. 
and Vavvas et al. used retrospective data and neither 
was conclusive. Kaufman et al.’s prospectively 
collected data similarly found a strong interaction 
between genotype groups and AREDS-F use in the 
development of nvAMD. Further evidence comes 
from zinc alone data in both the Awh et al.7 and 
Vavvas et al.11 databases, which have accorded with 
the data for AREDS-F use in GTG 2 and GTG 3 
subjects. There have been no studies demonstrating 
benefit from AREDS-F use for GTG 2 subjects. 
While the debate over genetic testing is not settled, 
there is strong evidence that patients in GTG 2 
should not receive AREDS-F supplements until 
research has demonstrated their safety and efficacy 
for these patients. 
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Glossary

Risk allele is a DNA base pair that, when present, leads to gene expression that predisposes a person to a 
condition or disease. For example, there is a risk allele that causes sickle cell anemia.  

Complement factor H is a protein involved in the immune response. Certain CFH risk alleles result in forms of 
CFH that predispose to macular degeneration. CFH in its various forms binds to zinc, which alters its function. 
Evidently, how zinc alters CFH function depends on the form of the CFH. 

Age-related maculopathy susceptibility 2 is a protein generated from nuclear DNA that migrates to and interacts 
with mitochondria. While its function is not fully understood, it appears to be involved with cell metabolism and 
its activity appears to be influenced by antioxidant vitamins, which can neutralize free radicals. Certain ARMS2 
variants predispose to macular degeneration, and the AREDS data indicate an interaction between ARMS2 risk 
alleles and the response to AREDS-F in the risk of AMD progression. 

Genotype groups – combinations of risk alleles.
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