
Age-related macular degeneration (AMD) is a progres-
sive, neurodegenerative retinal disease causing irreversible 
central vision loss. AMD is the leading cause of legal blind-
ness in the elderly population [1], as approximately one in 
four individuals aged 75 or older has some sign of this disease 
and about one in 15 has the advanced form with visual loss 
[2]. Due to increasing life expectancy, the prevalence of AMD 
is predicted to grow by more than 50% by 2020, substantially 
augmenting the health burden of AMD [1].

The early stage of AMD is characterized by drusen 
formation—white-yellow deposits in Bruch’s membrane 
under the retinal pigment epithelial (RPE) layer and photo-
receptor cells (reviewed in [3]). Advanced AMD can clini-
cally develop in two distinct forms: dry (atrophic) and wet 
(exudative, neovascular). The slowly progressing and more 
frequent dry AMD is characterized by the presence of an 
irregular area of depigmentation as a result of the loss of RPE 
cells, and causes gradual geographic atrophy of the retina. 
Wet AMD, responsible for the majority of legal blindness in 
AMD, is characterized by choroidal neovascularization with 
leakage and bleeding, leading to the irreversible damage of 
photoreceptors (reviewed in [4]).

AMD is a multifactorially determined disease in which 
the interplay of environmental and genetic factors causes the 
disorder. Advanced age is by far the major nongenetic factor 

Molecular Vision 2012; 18:2518-2525 <http://www.molvis.org/molvis/v18/a263>
Received 12 March 2012 | Accepted 9 October 2012 | Published 11 October 2012

© 2012 Molecular Vision

2518

Susceptibility to advanced age-related macular degeneration and 
alleles of complement factor H, complement factor B, complement 
component 2, complement component 3, and age-related 
maculopathy susceptibility 2 genes in a Mexican population

Beatriz Buentello-Volante,1 Gabriela Rodriguez-Ruiz,1 Antonio Miranda-Duarte,2 Ericka N. Pompa-Mera,3 
Federico Graue-Wiechers,4 Carolina Bekker-Méndez,3 Raul Ayala-Ramirez,4 Carlos Quezada,4 Jose L. 
Rodríguez-Loaiza,4 Juan C. Zenteno1,5

1Department of Genetics and Research Unit, Institute of Ophthalmology “Conde de Valenciana” Mexico City, Mexico; 
2Department of Genetics, National Rehabilitation Institute, Mexico City, Mexico; 3Unidad de Investigación Médica en 
Inmunología e Infectología, Hospital de Infectología, Centro Médico Nacional La Raza, IMSS, Mexico City, Mexico; 4Retina 
Department, Institute of Ophthalmology “Conde de Valenciana” Mexico City, Mexico; 5Faculty of Medicine, Department of 
Biochemistry, National Autonomous University of Mexico, Mexico City, Mexico

Purpose: To investigate the association of age-related macular degeneration (AMD)–high risk alleles of the complement 
factor H (CFH), complement factor B (CFB), complement component 2 (C2), complement component 3 (C3), and age-
related maculopathy susceptibility 2 (ARMS2) genes in a Mexican population for the first time.
Methods: Genotyping was performed for the Y402H variant of CFH, for the L9H, R32Q, and K565E variants of CFB, 
the E318D variant of C2, the A69S variant of ARMS2, and the R102G variant of C3 in 159 Mexican mestizo patients at 
advanced stages of AMD, i.e., CARMS (Clinical Age-Related Maculopathy Staging System) grade 4 or 5. The frequency 
of these variants was also investigated in a group of 152 control subjects without AMD. Genomic DNA was extracted 
from blood leukocytes, and genotyping was performed using PCR followed by direct sequencing. Allele-specific restric-
tion enzyme digestion was used to detect the R102G polymorphism in C3.
Results: There were significant differences in the allelic distribution between the two groups for CFH Y402H (p=1×10−5), 
ARMS A69S (p=4×10−7), and CFB R32Q (p=0.01). The odds ratios (95% confidence interval) obtained for the risk alleles 
of these three variants were 3.8 (2.4–5.9), 3.04 (2.2–4.3), and 2.5 (1.1–5.7), respectively. Haplotype analysis including the 
two most significantly associated alleles (CFH Y402H and ARMS A69S) indicated that the C-T combination conferred 
an odds ratio (95% confidence interval) of 6.9 (3.2–14.8). The exposed attributable risk for this particular haplotype 
was 85.5%.
Conclusions: This is the first case-control investigation of AMD–high risk alleles in a Latino population. Our results 
support that CFH, ARMS2, and CFB AMD-risk alleles are consistently associated with the disease, even in ethnic groups 
with a complex admixture of ancestral populations such as Mexican mestizos.
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[5-7], although traits as smoking [8], gender [9], body mass 
index [9,10], ethnicity [10], and a high-fat diet [11] have also 
been implicated as factors affecting AMD risk.

Genetic factors play a role in disease development, as 
indicated by twin studies and recurrence risks in first-degree 
relatives of patients with AMD [12,13]. The disease has recur-
rence ratios for siblings of a case that are 3–6-fold higher than 
in the general population [14], and estimates of the genetic 
hereditability of AMD range up to 71% [12,15]. However, the 
genetic variants known to date are estimated to account for 
<50% of the heritability of the disease [16,17].

Genome-wide association studies first revealed the 
association between polymorphisms in the complement 
factor H (CFH) gene and susceptibility to AMD [18,19]. Since 
then, risk-associated polymorphisms in complement factor 
I (CFI) [20], complement factor B (CFB) [21], complement 
component 2 (C2) [21], complement component 3 (C3) [22], 
complement factor H-related 3 (CFHR3), complement factor 
H-related 1 (CFHR1) [23], and age-related maculopathy 
susceptibility 2 (ARMS2) [24] genes have been discovered 
and replicated in several ethnic groups worldwide (for recent 
reviews, see [25-27]). Three allelic variants—CFH Y402H, 
ARMS2 A69S, and C3 R102G—account for approximately 
76% of the population-attributable risk of the development 
of AMD [26].

CFH is a serum glycoprotein that regulates the function 
of the alternative complement pathway. CFH binds to C3b, 
accelerates the decay of the alternative pathway convertase 
C3bBb, and acts as a cofactor for complement factor I, 
another C3b inhibitor [28,29]. The CFB, C2, and C3 genes 
encode proteins that play central roles in activating classical 
and alternative complement pathway systems. The ARMS2 
gene (previously known as LOC387715) encodes a 107–
amino acid protein of unknown function with nine predicted 
phosphorylation sites; this gene is expressed in the retina and 
in various other tissues.

To date, most of the studies reporting the association 
between such genetic variants and AMD risk have been 
undertaken in people of Caucasian and Asian origin [30]. 
Conversely, there are none or very few studies on popula-
tions from the African continent or indeed from other 
regions, such as the Middle East, parts of Asia, and South 
America [30]. Independent replication of disease-associated 
alleles in populations that are not traditionally screened is 
important for further delineation of the molecular basis of 
AMD and for the possible identification of ethnic-specific 
differences in the magnitude with which particular genetic 
variants modify disease risk. Up to now, the association 
between AMD risk and genetic polymorphisms has not been 

investigated in Latino populations, which are ethnic groups 
with a considerable genetic admixture. The purpose of this 
study is to present the results of the first association study 
between AMD and complement-related gene polymorphisms 
in a Mexican population.

METHODS

One hundred and fifty-nine nonfamilial patients with 
advanced AMD and 152 normal controls were recruited 
following a standard ophthalmologic examination protocol. 
This investigation was a hospital-based, case-control associa-
tion study undertaken in a Mexican population. The study 
was approved by the Institutional Review Board of the 
Institute of Ophthalmology “Conde de Valenciana,” Mexico 
City. Informed consent was signed by all subjects before they 
participated in the study. Ophthalmic records, stereo fundus 
photographs, and fluorescein angiograms were obtained 
for all patients. Grading was performed using the Clinical 
Age-Related Maculopathy Staging System (CARMS) clas-
sification [5,31]. All the participants were of Mexican mestizo 
origin. A Mexican mestizo is defined as a person who was 
born in the country, has a Spanish-derived last name, and has 
a family of Mexican ancestors back to the third generation 
[32].

Criteria for patient inclusion were as follows: (1) age 55 
years or older, (2) diagnosis by a retina specialist of AMD 
grades 4 or 5 in both eyes or AMD grades 4 or 5 in one eye 
and any type of drusen in the fellow eye, (3) no association 
with other retinal disease, and (4) a negative history of vitreo-
retinal surgery. CARMS grade 4 corresponds to geographic 
atrophy, while grade 5 corresponds to choroidal neovascu-
larization. The AMD stage assigned was based on the most 
severe eye at the time of recruitment. Control subjects—
persons without visual impairment—were recruited from the 
outpatient department during routine ophthalmic examina-
tion. They were aged 60 years or older, had no drusen or RPE 
changes under dilated fundus examination, and reported a 
negative family history of AMD.

Single nucleotide polymorphism genotyping: The regions 
of the CFH gene harboring the single nucleotide polymor-
phisms (SNPs) rs1061170 (Y402H); the CFB gene harboring 
rs4151667 (L9H), rs641153 (R32Q), and rs4151659 (K565E); 
the C2 gene harboring rs9332739 (E318D); the ARMS2 gene 
including rs10490924 (A69S); and the C3 gene carrying 
rs2230199 (R102G) were amplified in independent PCR reac-
tions. Oligonucleotide sequences are available in Table 1. Each 
25 μl PCR amplification reaction contained 1X buffer, 200 
ng of genomic DNA, 0.2 mM of each deoxyribonucleotide 
triphosphate (dNTP), 2U Taq polymerase, 1 mM of forward 
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and reverse primers, and 1.5 mM MgCl2. PCR products were 
analyzed in 1.5% agarose gels, from which the bands with the 
amplified templates were excised and the DNA subsequently 
purified with the help of the Qiaex II kit (Qiagen, Hilden, 
Germany). Genotyping of the variants (except R102G) was 
performed with direct automated sequencing with the BigDye 
Terminator Cycle Sequencing kit (Applied Biosystems, Foster 
City, CA), and using a temperature program that included 25 
cycles of denaturation at 97 °C for 30 s, annealing at 50 °C for 
15 s, and extension at 60 °C for 4 min. Samples were analyzed 
in an ABI Prism 3130 Genetic Analyzer (Applied Biosys-
tems). SNP rs2230199 (R102G) of the C3 gene was analyzed 
with a polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) approach using the HhaI restric-
tion enzyme. The rs2230199 PCR-RFLP analysis was verified 
with direct nucleotide sequencing of several PCR samples of 
each genotype.

Statistical analysis: Comparisons of continuous variables 
were tested with the Student t test, and corrected chi-
square statistics were applied for categorical variables. 
Uni- and multivariate nonconditional logistic regressions 
were conducted to determine risk magnitude, comparing 
each allele and genotype with the main effect employed as 
the binary variable. Odds ratios (ORs) and 95% confidence 
intervals (95% CIs) were reported, and population and 
exposed attributable risks were calculated when the ORs 
were elevated. The alpha level was 0.05, and the STATA ver. 
10.0 statistical software package was used for calculations. 
Allele frequencies, Hardy–Weinberg equilibrium (H-WE), 
and haplotype association analysis were assessed with Haplo 
View 4.0 software (Daly Lab, Broad Institute, Cambridge, 
MA). For haplotype construction, all genotyped alleles were 
tested, except those showing H-WE deviation. Only haplo-
types that showed statistical significant differences were 
reported.

RESULTS

A total of 311 individuals (159 patients with AMD and 152 
controls) were genotyped. The mean age at recruitment 
was 76.4±8.1 years in cases and 73.5±6.8 years in controls 
(ranges of ages were 60–96 years for cases and 62–90 
years for controls). The gender distribution between cases 
and controls was not significantly different (p=0.8), while 
smoking frequency showed statistically significant differ-
ences between the groups (p=0.04). These and other demo-
graphic variables are shown in Table 2.

Association analysis with individual single nucleotide 
polymorphisms: The allelic and genotypic distributions of 
the AMD-associated SNPs are shown in Appendix 1. All 

genotypic distributions in the control group showed H-WE, 
except variants R32Q and K565E in CFB (p<0.05).

Allelic association analysis indicated that there were 
significant differences in the allelic distribution between 
the two groups for CFH Y402H, ARMS2 A69S, and CFB 
R32Q (p=1×10−5, 4×10−7, and 0.01, respectively). For these 
variants, the ORs (95% CIs) were as high as 3.8 (2.4–5.9), 
3.04 (2.2–4.3), and 2.5 (1.1–5.7), respectively. However, 
as mentioned above, CFB R32Q was not present in H-WE 
(Appendix 1). Alleles L9H and K565E of CFB and E318D of 
C2 did not show significant differences (Appendix 1). The C3 
R102G allele showed a tendency to increase the AMD risk; 
nevertheless, this did not reach statistical significance (OR 
[95% CI] 1.6 [0.9–2.6]).

Genotypic distributions of CFH Y402H and ARMS2 
A69S showed the highest statistically significant differences 
(Appendix 1). Statistically significant differences were 
preserved when genotypic frequencies for CFH Y402H and 
ARMS2 A69S were analyzed adjusting for age, gender, and 
smoking (Appendix 2).

Haplotypes: Haplotype analysis, including the two most 
significantly associated alleles in this study (CFH Y402H and 
ARMS2 A69S), indicated that the C-T combination conferred 
an OR (95% CI) of 6.9 (3.2–14.8), followed by the C-G haplo-
type, which yielded an OR of 2.0 (1.2–3.4). As shown in Table 
3, other haplotypes for these variants were also significantly 
associated with AMD.

Attributable risk percent: Attributable risk percentages 
among exposed (Ae%) were calculated for the CFH-ARMS2 
risk haplotype (C-T). The population attributable risk was 
10.5%, while the exposed attributable risk was 85.5%. Other 
haplotypes for these alleles were also associated with a high 
attributable risk (Table 3).

DISCUSSION

AMD is estimated to affect about 50 million people world-
wide [33,34], and an increase in aging populations makes this 
degenerative disease a significant public health concern. It 
has been recognized for a long time that AMD is a complex 
disease with environmental and genetic factors interacting 
to allow for its development. The strongest identifiable 
risk factors for AMD are age, family history, genetics, and 
smoking [25].

In recent years, great advances have been made in 
recognizing several genetic factors predisposing individuals 
to AMD. Among these, polymorphisms in several proteins 
such as C3, FB, and CFH have been demonstrated to 
strongly influence the risk for AMD with quoted ORs for 

http://www.molvis.org/molvis/v18/a263
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=2230199
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=2230199
http://www.molvis.org/molvis/v18/a263/app-1.pdf
http://www.molvis.org/molvis/v18/a263/app-1.pdf
http://www.molvis.org/molvis/v18/a263/app-1.pdf
http://www.molvis.org/molvis/v18/a263/app-2.pdf


Molecular Vision 2012; 18:2518-2525 <http://www.molvis.org/molvis/v18/a263> © 2012 Molecular Vision 

2521

Ta
b

l
e
 1

. O
l

ig
o

n
u

c
l

e
ot


id

e
 se

q
u

e
n

c
e

s,
 a

m
pl

ic
o

n
 si

z
e

s,
 a

n
d

 a
n

n
e

a
l

in
g

 t
e

m
pe

r
a

t
u

r
e

s f
o

r
 PCR




 a
m

pl
if

ic
a

t
io

n
 o

f 
AMD




-r
e

l
a

t
e

d
 v

a
r

ia
n

t
s. 

A
m

pl
ic

on
Fo

rw
ar

d 
pr

im
er

 (5
′-3

′)
R

ev
er

se
 p

ri
m

er
 (5

′-3
′)

Si
ze

 P
C

R
 p

ro
du

ct
 (b

p)
Te

m
pe

ra
tu

re
 (°

C
)

C
FH

 Y
40

2H
A

G
TT

C
G

TC
TT

CA
G

TT
A

TA
C

TG
G

TC
TG

C
G

C
TT

TT
G

G
A

A
G

A
G

C
26

3
59

.5
C

FB
 L

9H
A

CA
C

CA
TC

C
TG

C
C

C
CA

G
G

C
C

CA
TT

G
A

TC
TC

TA
C

C
C

C
C

TC
CA

G
26

7
67

.2
C

FB
 R

32
Q

A
G

C
C

C
C

CA
A

C
TC

TG
C

C
TG

A
TG

C
C

C
G

TA
C

TC
CA

G
TG

C
C

TG
G

C
C

C
TC

25
2

65
.2

C
FB

 K
56

5E
G

C
G

G
G

A
C

C
TG

G
A

G
A

TA
G

A
A

G
T

TA
G

TC
TG

G
C

CA
TA

TT
TC

A
G

C
14

0
59

.1
C

2 
E3

18
D

G
TG

A
G

C
G

TT
G

C
CA

TT
A

TC
A

C
C

T
TG

A
G

A
G

G
G

TC
CA

TC
TT

C
TC

17
1

57
.6

C
2 

A
69

S
CA

C
TC

TG
C

G
A

G
A

G
TC

TG
TG

C
TG

G
A

C
C

TT
TC

TT
A

C
CA

G
TG

TC
A

G
G

TG
G

20
1

65
.4

C
3 

R1
02

G
G

A
TC

TC
TT

TG
C

C
TC

TC
C

TA
A

TC
TC

C
TC

TT
C

TG
A

A
C

TC
C

TC
72

0
56

.6

http://www.molvis.org/molvis/v18/a263


Molecular Vision 2012; 18:2518-2525 <http://www.molvis.org/molvis/v18/a263> © 2012 Molecular Vision 

2522

homozygotes as high as 3.51–7.4 for CFH Y402H [18,35] and 
2.6 for C3 R102G [36]. Remarkably, three SNPs-coding for 
Y402H, ARMS2 A69S, and C3 R80G—account for approxi-
mately 76% of population attributable risk of the development 
of AMD [26,36]. Except ARMS2 A69S, these variants are 
located in complement alternative pathway proteins.

Although these polymorphic alleles have been unques-
tionably associated with AMD in patients from distinct ethnic 
backgrounds, independent replication studies are required to 
accurately assess these alleles’ ethnospecific contribution 
to this complex disease. In this study, we genotyped seven 
common AMD risk-associated SNPs in a cohort of 311 
Mexican individuals, 159 of whom had advanced stages of the 
disease. To the best of our knowledge, this is the first evalua-
tion of the contribution of AMD-related polymorphisms in a 
Latin American population. The Latin American population 
is composed mainly of a mix of indigenous people, Africans, 
and Spaniards (or Portuguese), so it represents an interesting 
genetic pool to compare the effect of risk alleles, which have 
been previously characterized in Caucasian, Asian, and 
African populations. In particular, Mexican mestizos are 
the result of the continuous intermixing between the autoch-
thonous Mexicans and the Spaniards, who came to America 
during the 16th century. Mexicans have an average of 52% 
Native American ancestry, 45% European ancestry, and 3% 
African ancestry [37].

In this work, the most significantly associated variants 
were CFH Y402H, ARMS2 A69S, and CFB R32Q, with ORs 
of 6.3, 5.3, and 2.5, respectively, when the homozygous state 
for the risk allele was considered (Appendix 1). These results 
were practically unchanged in the adjusted analysis. Smoking 
is a major environment risk factor that is strongly and consis-
tently associated with the development of AMD. In our study, 
smoking showed statistically significant differences between 
the groups, being more frequent in cases than in controls; this 
finding supports smoking as a risk factor for the develop-
ment of AMD in our patients. However, when the results were 
adjusted by age, sex, and smoking, the OR tendencies were 
maintained. In our study, only patients who were diagnosed 
as having advanced AMD (grade 4 or 5) were included.

The results of the haplotype analysis in our sample 
disclosed that considering the risk variants for CFH and 
ARMS2 (C-T) together conferred an OR of 7, as well as an 
attributable risk among the exposed of 85.5% for the develop-
ment of AMD (Table 3). These figures are among the highest 
AMD-related risk values obtained in a given population.

In our cohort, homozygosity for the C3 R102G variant 
was associated with a modest OR of 1.6 for AMD, which 
is considerably lower than the risk obtained in Caucasian 
populations from the United States and England [16,22], but 
higher than the observed risk, for example, in the French 
population [38]. However, a recent meta-analysis yielded a 
pooled OR of 1.6 for the C3 R102G variant [39], which is 

Table 2. Demographic characteristics of patients with age related macular degeneration and controls.

Variable Cases n=159 Controls n=152 OR (CI 95%) P value
Age (mean±SD, years) 76.4±8.1 73.5±6.8 1.05 (1.01–1.08) 0.001
Gender (Females, n %) 111 (69.8) 105 (69.1) 1.03 (0.6–1.7) 0.8
Smoking (n %) 37 (23.3) 12 (12.9) 2.04 (1.01–4.2) 0.04
Diabetes mellitus (n %) 29 (20.0) 37 (35.9) 0.4 (0.2–0.8) 0.005
Hypertension (n %) 83 (54.9) 60 (50.4) 1.2 (0.7–1.9) 0.4

OR, odds ratio; CI, confidence interval.

Table 3. Haplotype analysis results of Complement Factor H (CFH) and Age-Related Macu-
lopathy Susceptibility 2 (ARMS2) in AMD for Mexican cases and controls.

Haplotype Case, control frequencies Chi Square P value OR (95%CI) A-e%  A-p%
CFH ARMS2
Y402H A69S
T G 0.339, 0.660 64.059 1.2×10−15 0.3 (0.2–0.4)
T T 0.368, 0.241 11.842 6.0×10−4 1.8 (1.3–2.6) 44.4 16.1
C G 0.136, 0.073 6.405 0.01 2.0 (1.2–3.4) 50 6.5
C T 0.157, 0.025 31.992 1.5×10−8 6.9 (3.2–14.8) 85.5 10.5

OR, odds ratio; CI, confidence interval; A-e%: attributable risk among exposed; A-p%: population attributable risk
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in agreement with our results. The R102G polymorphism 
generates the “fast” and “slow” electrophoretic allotypes of 
C3 (C3F and C3S), showing a differential capacity to bind 
monocyte-complement receptor C3F, which is the risk variant 
for AMD and has been previously reported as associated with 
other immune-mediated conditions [40].

The Y402H polymorphism in the CFH gene, located at 
1q31, is particularly striking because of the strength of its 
association with late AMD. ORs greater than 5 have been 
consistently established for individuals homozygous for 
the Y402H risk allele, making this genetic association one 
of the strongest for a complex disorder yet to be reported 
[18]. Nevertheless, in African populations, it seems that an 
association of the Y402H risk allele with late AMD does 
not exist or is less marked than in other populations [30,41], 
indicating ethnospecific differences in AMD risk associated 
with particular alleles. The Q allele for the R32Q variant 
of CFB was shown to have a protective effect, yielding an 
OR of 0.3 in our study; this is in agreement with previous 
studies demonstrating a protective effect for this particular 
allele [42]. Interestingly, in our study, the protective effect 
of CFB R32Q was improved to 0.2 after controlling for 
gender, age, and smoking. However, given the low number 
of subjects carrying this variant in our study, this finding 
must be confirmed through the analysis of larger groups.  
Our results support the claim that CFH, ARMS2, and to a 
lesser extent, CFB AMD-risk alleles are consistently associ-
ated with the disease, even in an intermixed population such 
as Mexican mestizos. Furthermore, the results support the 
notion that these alleles are the main known genetic factors 
for AMD development. Replication of association studies 
in diverse ethnic groups worldwide, especially those with a 
complex admixture of ancestral populations, such as Latino 
populations [43], would provide a better appreciation of the 
genetic contributions in AMD pathogenesis.

APPENDIX 1. ALLELIC AND GENOTYPE 
ASSOCIATION TESTING RESULTS OF CFH, CFB, 
C2, ARMS2, AND C3 IN AMD FOR CASES AND 
CONTROLS. 

OR, odds ratio; CI, confidence interval. NA, Not available 
(the OR value couldn’t be calculated due to a zero value in a 
cell). To access the data, click or select the words “Appendix 
1.” This will initiate the download of a compressed (pdf) 
archive that contains the file.

APPENDIX 2. GENOTYPIC FREQUENCIES OF 
CFH, CFB, C2, ARMS2, AND C3 IN AMD CASES AND 
CONTROLS.

 *Adjusted by gender, age and smoking. To access the data, 
click or select the words “Appendix 2.” This will initiate the 
download of a compressed (pdf) archive that contains the file.

ACKNOWLEDGMENTS

This work was supported by CONACYT grant 71,110.

REFERENCES
1.	 Friedman DS, O’Colmain BJ, Muñoz B, Tomany SC, McCarty 

C, de Jong PT, Nemesure B, Mitchell P, Kempen J. Eye 
Diseases Prevalence Research Group.  Prevalence of age-
related macular degeneration in the United States.  Arch 
Ophthalmol  2004; 122:564-72. [PMID: 15078675].

2.	 Klein R, Cruickshanks KJ, Nash SD, Krantz EM, Javier Nieto 
F, Huang GH, Pankow JS, Klein BE. The prevalence of age-
related macular degeneration and associated risk factors.  
Arch Ophthalmol  2010; 128:750-8. [PMID: 20547953].

3.	 de Jong PT. Age-related macular degeneration.  N Engl J Med  
2006; 355:1474-85. [PMID: 17021323].

4.	 Coleman HR, Chan CC, Ferris FL 3rd, Chew EY. Age-related 
macular degeneration.  Lancet  2008; 372:1835-45. [PMID: 
19027484].

5.	 Bird AC, Bressler NM, Bressler SB, Chisholm IH, Coscas 
G, Davis MD, de Jong PT, Klaver CC, Klein BE, Klein R, 
Mitchell P, Sarks JP, Sarks SH, Soubrene G, Taylor HR, 
Vingerling HR. An international classification and grading 
system for age-related maculopathy and age-related macular 
degeneration. The International ARM Epidemiological Study 
Group.  Surv Ophthalmol  1995; 39:367-74. [PMID: 7604360].

6.	 Friedman DS, Katz J, Bressler NM, Rahmani B, Tielsch JM. 
Racial differences in the prevalence of age-related macular 
degeneration: the Baltimore Eye Survey.  Ophthalmology  
1999; 106:1049-55. [PMID: 10366070].

7.	 VanNewkirk MR, Nanjan MB, Wang JJ, Mitchell P, Taylor HR, 
McCarty CA. The prevalence of age-related maculopathy: the 
visual impairment project.  Ophthalmology  2000; 107:1593-
600. [PMID: 10919916].

8.	 Vinding T, Appleyard M, Nyboe J, Jensen G. Risk factor 
analysis for atrophic and exudative age-related macular 
degeneration. An epidemiological study of 1000 aged indi-
viduals.  Acta Ophthalmol (Copenh)  1992; 70:66-72. [PMID: 
1557977].

9.	 . The Age-Related Eye Disease Study Research Group.  Risk 
factors associated with age-related macular degeneration: a 
case-control study in the Age-Related Eye Disease Study.  
Ophthalmology  2000; 107:2224-32. [PMID: 11097601].

10.	 Clemons TE, Milton RC, Klein R, Seddon JM, Ferris FL. 
Risk factors for the incidence of advanced age-related 
macular degeneration in the Age-Related Eye Disease Study 

http://www.molvis.org/molvis/v18/a263
http://www.molvis.org/molvis/v18/a263/app-1.pdf
http://www.molvis.org/molvis/v18/a263/app-1.pdf
http://www.molvis.org/molvis/v18/a263/app-2.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15078675
http://www.ncbi.nlm.nih.gov/pubmed/20547953
http://www.ncbi.nlm.nih.gov/pubmed/17021323
http://www.ncbi.nlm.nih.gov/pubmed/19027484
http://www.ncbi.nlm.nih.gov/pubmed/19027484
http://www.ncbi.nlm.nih.gov/pubmed/7604360
http://www.ncbi.nlm.nih.gov/pubmed/10366070
http://www.ncbi.nlm.nih.gov/pubmed/10919916
http://www.ncbi.nlm.nih.gov/pubmed/1557977
http://www.ncbi.nlm.nih.gov/pubmed/1557977
http://www.ncbi.nlm.nih.gov/pubmed/11097601


Molecular Vision 2012; 18:2518-2525 <http://www.molvis.org/molvis/v18/a263> © 2012 Molecular Vision 

2524

(AREDS): AREDS report No. 19.  Ophthalmology  2005; 
112:533-9. [PMID: 15808240].

11.	 SanGiovanni JP, Chew EY, Clemons TE, Davis MD, Ferris 
FL 3rd, Gensler GR, Kurinij N, Lindblad AS, Milton RC, 
Seddon JM, Sperduto RD. Age-Related Eye Disease Study 
Research Group.  The relationship of dietary lipid intake and 
age-related macular degeneration in a case-control study: 
AREDS Report No. 20.  Arch Ophthalmol  2007; 125:671-9. 
[PMID: 17502507].

12.	 Klaver CC, Wolfs RC, Assink JJ, van Duijn CM, Hofman A, 
de Jong PT. Genetic risk of age-related maculopathy. Popu-
lation-based familial aggregation study.  Arch Ophthalmol  
1998; 116:1646-51. [PMID: 9869796].

13.	 Meyers SM, Greene T, Gutman FA. A twin study of age-related 
macular degeneration.  Am J Ophthalmol  1995; 120:757-66. 
[PMID: 8540549].

14.	 Montezuma SR, Sobrin L, Seddon JM. Review of genetics in 
age related macular degeneration.  Semin Ophthalmol  2007; 
22:229-40. [PMID: 18097986].

15.	 Seddon JM, Cote J, Page WF, Aggen SH, Neale MC. The US 
twin study of age-related macular degeneration: relative roles 
of genetic and environmental influences.  Arch Ophthalmol  
2005; 123:321-7. [PMID: 15767473].

16.	 Maller J, George S, Purcell S, Fagerness J, Altshuler D, Daly 
MJ, Seddon JM. Common variation in three genes, including 
a noncoding variant in CFH, strongly influences risk of age-
related macular degeneration.  Nat Genet  2006; 38:1055-9. 
[PMID: 16936732].

17.	 Sobrin L, Maller JB, Neale BM, Reynolds RC, Fagerness 
JA, Daly MJ, Seddon JM. Genetic profile for five common 
variants associated with age-related macular degeneration in 
densely affected families: a novel analytic approach.  Eur J 
Hum Genet  2010; 18:496-501. [PMID: 19844262].

18.	 Klein RJ, Zeiss C, Chew EY, Tsai JY, Sackler RS, Haynes 
C, Henning AK, SanGiovanni JP, Mane SM, Mayne ST, 
Bracken MB, Ferris FL, Ott J, Barnstable C, Hoh J. Comple-
ment factor H polymorphism in age-related macular degen-
eration.  Science  2005; 308:385-9. [PMID: 15761122].

19.	 Haines JL, Hauser MA, Schmidt S, Scott WK, Olson LM, 
Gallins P, Spencer KL, Kwan SY, Noureddine M, Gilbert JR, 
Schnetz-Boutaud N, Agarwal A, Postel EA, Pericak-Vance 
MA. Complement factor H variant increases the risk of age-
related macular degeneration.  Science  2005; 308:419-21. 
[PMID: 15761120].

20.	 Fagerness JA, Maller JB, Neale BM, Reynolds RC, Daly MJ, 
Seddon JM. Variation near complement factor I is associ-
ated with risk of advanced AMD.  Eur J Hum Genet  2009; 
17:100-4. [PMID: 18685559].

21.	 Gold B, Merriam JE, Zernant J, Hancox LS, Taiber AJ, Gehrs 
K, Cramer K, Neel J, Bergeron J, Barile GR, Smith RT. 
AMD Genetics Clinical Study Group.  Hageman GS, Dean 
M, Allikmets R. Variation in factor B (BF) and comple-
ment component 2 (C2) genes is associated with age-related 
macular degeneration.  Nat Genet  2006; 38:458-62. [PMID: 
16518403].

22.	 Yates JR, Sepp T, Matharu BK, Khan JC, Thurlby DA, 
Shahid H, Clayton DG, Hayward C, Morgan J, Wright AF, 
Armbrecht AM, Dhillon B, Deary IJ, Redmond E, Bird AC, 
Moore AT. Genetic Factors in AMD Study Group.  Comple-
ment C3 variant and the risk of age-related macular degenera-
tion.  N Engl J Med  2007; 357:553-61. [PMID: 17634448].

23.	 Hughes AE, Orr N, Esfandiary H, Diaz-Torres M, Goodship T, 
Chakravarthy U. A common CFH haplotype, with deletion 
of CFHR1 and CFHR3, is associated with lower risk of age-
related macular degeneration.  Nat Genet  2006; 38:1173-7. 
[PMID: 16998489].

24.	 Conley YP, Jakobsdottir J, Mah T, Weeks DE, Klein R, Kuller 
L, Ferrell RE, Gorin MB. CFH, ELOVL4, PLEKHA1 and 
LOC387715 genes and susceptibility to age-related macu-
lopathy: AREDS and CHS cohorts and meta-analyses.  Hum 
Mol Genet  2006; 15:3206-18. [PMID: 17000705].

25.	 Katta S, Kaur I, Chakrabarti S. The molecular genetic basis 
of age-related macular degeneration: an overview.  J Genet  
2009; 88:425-49. [PMID: 20090206].

26.	 Gehrs KM, Jackson JR, Brown EN, Allikmets R, Hageman 
GS. Complement, age-related macular degeneration and a 
vision of the future.  Arch Ophthalmol  2010; 128:349-58. 
[PMID: 20212207].

27.	 Deangelis MM, Silveira AC, Carr EA, Kim IK. Genetics of 
age-related macular degeneration: current concepts, future 
directions.  Semin Ophthalmol  2011; 26:77-93. [PMID: 
21609220].

28.	 Ault BH. Factor H and the pathogenesis of renal diseases.  
Pediatr Nephrol  2000; 14:1045-53. [PMID: 10975323].

29.	 Pérez-Caballero D, González-Rubio C, Gallardo ME, Vera M, 
López-Trascasa M, Rodríguez de Córdoba S, Sánchez-Corral 
P. Clustering of missense mutations in the C-terminal region 
of factor H in atypical hemolytic uremic syndrome.  Am J 
Hum Genet  2001; 68:478-84. [PMID: 11170895].

30.	 Nonyane BA, Nitsch D, Whittaker JC, Sofat R, Smeeth L, 
Chakravarthy U, Fletcher AE. An ecological correlation study 
of late age-related macular degeneration and the complement 
factor H Y402H polymorphism.  Invest Ophthalmol Vis Sci  
2010; 51:2393-402. [PMID: 20042653].

31.	 Seddon JM, Sharma S, Adelman RA. Evaluation of the clinical 
age-related maculopathy staging system.  Ophthalmology  
2006; 113:260-6. [PMID: 16458093].

32.	 Gorodezky C, Alaez C, Vazquez-Garcia MN, de la Rosa G, 
Infante E, Balladares S, Toribio R, Perez-Luque E, Muñoz 
L. The genetic structure of Mexican Mestizos of different 
locations: tracking back their origins through MHC genes, 
blood group systems, and microsatellites.  Hum Immunol  
2001; 62:979-91. [PMID: 11543900].

33.	 Seddon JM, Chen CA. The epidemiology of age-related 
macular degeneration.  Int Ophthalmol Clin  2004; 44:17-39. 
[PMID: 15577562].

34.	 Klein R. Overview of progress in the epidemiology of age-
related macular degeneration.  Ophthalmic Epidemiol  2007; 
14:184-7. [PMID: 17896295].

http://www.molvis.org/molvis/v18/a263
http://www.ncbi.nlm.nih.gov/pubmed/15808240
http://www.ncbi.nlm.nih.gov/pubmed/17502507
http://www.ncbi.nlm.nih.gov/pubmed/9869796
http://www.ncbi.nlm.nih.gov/pubmed/8540549
http://www.ncbi.nlm.nih.gov/pubmed/18097986
http://www.ncbi.nlm.nih.gov/pubmed/15767473
http://www.ncbi.nlm.nih.gov/pubmed/16936732
http://www.ncbi.nlm.nih.gov/pubmed/19844262
http://www.ncbi.nlm.nih.gov/pubmed/15761122
http://www.ncbi.nlm.nih.gov/pubmed/15761120
http://www.ncbi.nlm.nih.gov/pubmed/18685559
http://www.ncbi.nlm.nih.gov/pubmed/16518403
http://www.ncbi.nlm.nih.gov/pubmed/16518403
http://www.ncbi.nlm.nih.gov/pubmed/17634448
http://www.ncbi.nlm.nih.gov/pubmed/16998489
http://www.ncbi.nlm.nih.gov/pubmed/17000705
http://www.ncbi.nlm.nih.gov/pubmed/20090206
http://www.ncbi.nlm.nih.gov/pubmed/20212207
http://www.ncbi.nlm.nih.gov/pubmed/21609220
http://www.ncbi.nlm.nih.gov/pubmed/21609220
http://www.ncbi.nlm.nih.gov/pubmed/10975323
http://www.ncbi.nlm.nih.gov/pubmed/11170895
http://www.ncbi.nlm.nih.gov/pubmed/20042653
http://www.ncbi.nlm.nih.gov/pubmed/16458093
http://www.ncbi.nlm.nih.gov/pubmed/11543900
http://www.ncbi.nlm.nih.gov/pubmed/15577562
http://www.ncbi.nlm.nih.gov/pubmed/17896295


Molecular Vision 2012; 18:2518-2525 <http://www.molvis.org/molvis/v18/a263> © 2012 Molecular Vision 

2525

35.	 Hageman GS, Anderson DH, Johnson LV, Hancox LS, Taiber 
AJ, Hardisty LI, Hageman JL, Stockman HA, Borchardt JD, 
Gehrs KM, Smith RJ, Silvestri G, Russell SR, Klaver CC, 
Barbazetto I, Chang S, Yannuzzi LA, Barile GR, Merriam 
JC, Smith RT, Olsh AK, Bergeron J, Zernant J, Merriam JE, 
Gold B, Dean M, Allikmets R. A common haplotype in the 
complement regulatory gene factor H (HF1/CFH) predis-
poses individuals to age-related macular degeneration.  Proc 
Natl Acad Sci USA  2005; 102:7227-32. [PMID: 15870199].

36.	 Spencer KL, Olson LM, Anderson BM, Schnetz-Boutaud N, 
Scott WK, Gallins P, Agarwal A, Postel EA, Pericak-Vance 
MA, Haines JL. C3 R102G polymorphism increases risk of 
age-related macular degeneration.  Hum Mol Genet  2008; 
17:1821-4. [PMID: 18325906].

37.	 Salari K, Choudhry S, Tang H, Naqvi M, Lind D, Avila PC, 
Coyle NE, Ung N, Nazario S, Casal J, Torres-Palacios A, 
Clark S, Phong A, Gomez I, Matallana H, Pérez-Stable EJ, 
Shriver MD, Kwok PY, Sheppard D, Rodriguez-Cintron 
W, Risch NJ, Burchard EG, Ziv E. Genetic admixture and 
asthma-related phenotypes in Mexican American and Puerto 
Rican asthmatics.  Genet Epidemiol  2005; 29:76-86. [PMID: 
15918156].

38.	 Zerbib J, Richard F, Puche N, Leveziel N, Cohen SY, Koro-
belnik JF, Sahel J, Munnich A, Kaplan J, Rozet JM, Souied 
EH. R102G polymorphism of the C3 gene associated with 
exudative age-related macular degeneration in a French 
population.  Mol Vis  2010; 16:1324-30. [PMID: 20664795].

39.	 Despriet DD, van Duijn CM, Oostra BA, Uitterlinden AG, 
Hofman A, Wrigth AF, Tenbrink JB, Bakker A, de Jong 
PT, Vingerling JR, Bergen AA, Klaver CC. Complement 
component C3 andd risk of age-related macular degeneration.  
Ophtalmology  2009; 116:474-80. .

40.	 Degn SE, Jensenius JC, Thiel S. Disease-causing mutations in 
genes of the complement system.  Am J Hum Genet  2011; 
88:689-705. [PMID: 21664996].

41.	 Ziskind A, Bardien S, van der Merwe L, Webster AR. The 
frequency of the H402 allele of CFH and its involvement with 
age-related maculopathy in an aged Black African Xhosa 
population.  Ophthalmic Genet  2008; 29:117-9. [PMID: 
18766990].

42.	 Spencer KL, Hauser MA, Olson LM, Schmidt S, Scott WK, 
Gallins P, Agarwal A, Postel EA, Pericak-Vance MA, Haines 
JL. Protective effect of complement factor B and complement 
component 2 variants in age-related macular degeneration.  
Hum Mol Genet  2007; 16:1986-92. [PMID: 17576744].

43.	 González Burchard E, Borrell LN, Choudhry S, Naqvi M, Tsai 
HJ, Rodriguez-Santana JR, Chapela R, Rogers SD, Mei R, 
Rodriguez-Cintron W, Arena JF, Kittles R, Perez-Stable EJ, 
Ziv E, Risch N. Latino populations: a unique opportunity for 
the study of race, genetics, and social environment in epide-
miological research.  Am J Public Health  2005; 95:2161-8. 
[PMID: 16257940].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 11 October 2012. This reflects all typographical corrections and errata to the 
article through that date. Details of any changes may be found in the online version of the article.

http://www.molvis.org/molvis/v18/a263
http://www.ncbi.nlm.nih.gov/pubmed/15870199
http://www.ncbi.nlm.nih.gov/pubmed/18325906
http://www.ncbi.nlm.nih.gov/pubmed/15918156
http://www.ncbi.nlm.nih.gov/pubmed/15918156
http://www.ncbi.nlm.nih.gov/pubmed/20664795
http://www.ncbi.nlm.nih.gov/pubmed/21664996
http://www.ncbi.nlm.nih.gov/pubmed/18766990
http://www.ncbi.nlm.nih.gov/pubmed/18766990
http://www.ncbi.nlm.nih.gov/pubmed/17576744
http://www.ncbi.nlm.nih.gov/pubmed/16257940

	Reference r1
	Reference r2
	Reference r3
	Reference r4
	Reference r5
	Reference r6
	Reference r7
	Reference r8
	Reference r9
	Reference r10
	Reference r11
	Reference r12
	Reference r13
	Reference r14
	Reference r15
	Reference r16
	Reference r17
	Reference r18
	Reference r19
	Reference r20
	Reference r21
	Reference r22
	Reference r23
	Reference r24
	Reference r25
	Reference r26
	Reference r27
	Reference r28
	Reference r29
	Reference r30
	Reference r31
	Reference r32
	Reference r33
	Reference r34
	Reference r35
	Reference r36
	Reference r37
	Reference r38
	Reference r39
	Reference r40
	Reference r41
	Reference r42
	Reference r43
	Table t1
	Table t2
	Table t3

