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Abstract

Purpose The purpose of this study was to

investigate whether the genetic risk factors of

age-related macular degeneration (AMD) are

associated with the development of choroidal

neovascularization (CNV) in highly myopic

eyes of elderly Japanese.

Methods Highly myopic elderly Japanese

patients with and without CNV were

genotyped for three AMD-associated single

nucleotide polymorphisms (SNPs), namely

rs10490924 (A69S) of ARMS2, rs11200638 of

HTRA1, and rs1061170 (Y402H) of complement

factor H (CFH), with the TaqMan SNP assay.

One hundred and eighty-three unrelated

highly myopic (axial lengths 426.00mm or

refractive errors 4�6.0 diopters) Japanese

patients with CNV who were X50 years of age

(mean age±standard deviation of 62.7±6.3

years) and 170 highly myopic patients without

CNV who were X50 years old (62.3±7.1 years)

were studied. The differences in the genotypic

distributions for the three SNPs between

the two groups were tested with the Trend

v2 test, and logistic regression analyses were

performed for age and gender adjustment.

Results No significant difference was

detected in the distribution of the three SNPs,

rs10490924 (P40.1), rs11200638 (P40.1), and

rs1061170 (P40.5), between the two groups

even after adjustments for age and gender

differences.

Conclusion The genetic risk factors of AMD

related to these SNPs do not contribute

significantly to the development of CNV in a

highly myopic elderly Japanese population.
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Introduction

Choroidal neovascularization (CNV) is one of

the most vision-threatening complications in

highly myopic eyes. The pathogenesis of CNV

in high myopia has not been fully determined.

One important causative factor of CNV in

highly myopic eyes is related to the excessive

axial elongation of the eye, which results in the

rupture of the Bruch membrane and atrophy of

the choirocapillaries.1 Patchy chorioretinal

atrophy and lacquer cracks are important

predisposing findings for the development of

CNV in highly myopic eyes.2 However, there

are many highly myopic patients with these

ocular predisposing findings who never

develop CNV throughout life. This suggests

that factors other than excessive axial elongation

may also contribute to the development of CNV

in these highly myopic eyes.

CNV is a complication common to high

myopia and age-related macular degeneration

(AMD).3 High myopia is the most common

cause of CNV in patients younger than 50 years

of age, whereas CNV can also develop in highly

myopic eyes of the elderly population.4 In the

elderly population, the most frequent cause of

CNV is AMD; this raises a hypothesis that the
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processes involved in the aetiology of AMD may

contribute to the development of CNV in highly myopic

patients over the age of 50. AMD is caused by

interactions of environmental and genetic factors, and it

is believed that genetic factors contribute strongly to

AMD.5–7 Thus, AMD-associated genetic factors may also

be associated with the development of CNV in highly

myopic eyes of elderly patients.

Among the genetic factors of AMD investigated, a

single nucleotide polymorphism (SNP) rs1061170, which

is also known as Y402H, of the complement factor H

(CFH) gene on chromosome 1q32 has been shown in

many studies to be a major AMD-associated

polymorphism.8–19 More recently, two SNPs in the

ARMS2(LOC387715)/HTRA1 region on chromosome

10q26, that is rs10490924 (also known as A69S) and

rs11200638, were found in many studies to be strongly

associated with AMD.14,19–33 Fernandez-Robredo et al

hypothesized that CNV associated with AMD and CNV

associated with high myopia share a common genetic

origin.34 This group analysed a possible association

between two AMD-associated SNPs (rs1061170 and

rs10490924) and CNV associated with high myopia in a

Spanish population, and they did not find a significant

association. However, the possible association in Asian

populations remains to be elucidated.

To investigate the possible contribution of AMD

genetic risk factors to CNV in elderly highly myopic

Japanese, we analysed the association of these AMD-

associated SNPs, namely rs10490924 (A69S) of ARMS2/

LOC387715, rs11200638 of HTRA1, and rs1061170

(Y402H) of CFH, with the development of CNV in

elderly Japanese patients with high myopia.

Materials and methods

All procedures used in this study conform to the tenets of

the Declaration of Helsinki. The Institutional Review Board

and the Ethics Committee of each institution approved the

protocols used in this study. All of the patients were fully

informed of the purpose and procedures, and a written

consent was obtained from each patient.

Patients and controls

One hundred and eighty-three unrelated highly myopic

Japanese patients with CNV (HM-CNV group) who were

X50 years of age (mean age±standard deviation (SD),

62.7±6.3 years; men:women, 23.5:76.5%) were recruited

from Kyoto University Hospital, Tokyo Medical and

Dental University Hospital, and Fukushima Medical

University Hospital. The inclusion criteria were (1) axial

lengths 426.00 mm or refractive errors 4�6.0 diopters

(D) in both eyes, (2) clinical presentation and

angiographic manifestations of macular CNV in at least

one eye, and (3) age X50 years at their first visit with

CNV to our institutes. Among the patients, 141 patients

(77%) had monocular CNV and 42 patients (23%) had

binocular CNV (an old CNV was present in the fellow

eye). All of the patients underwent detailed

ophthalmologic examinations, including dilated indirect

and contact lens slit-lamp biomicroscopy, automatic

objective refraction, measurement of the axial length by

A-scan ultrasound (UD-6000, Tomey, Nagoya, Japan) or

partial coherence interferometry (IOLMaster, Carl Zeiss

Meditec, Dublin, CA, USA), colour fundus photography,

optical coherence tomography, and fluorescein

angiography. Individuals with a history of ocular

surgery, with the exception of cataract surgery, were

excluded. Patients with secondary choroidal neovascular

diseases, such as angioid streaks, presumed ocular

histoplasmosis syndrome, and ocular trauma, were also

excluded. Even if patients with CNV had soft drusen in

each of their eyes, they were not excluded from this

study. However, there was only one highly myopic

patient with CNV who also had soft drusen.

For control, 170 highly myopic (axial lengths

426.00 mm or refractive errors 4�6.0 D in both eyes)

Japanese cases who were X50 years of age (62.3±7.1

years; men:women, 31.2:68.8%) without CNV were

recruited from the same institutions (HM-control group).

Subjects with soft drusen were excluded from the

HM-control group.

For a population-based control (PB-control) group,

374 Japanese subjects (39.2±9.6 years; men:women,

50.8:49.2%) were randomly selected from the Pharma

SNP Consortium. This healthy, population-based cohort

had been recruited for earlier genomic studies and was

considered to be representative of the general Japanese

population.35 None of the subjects in this group had a

history of any ocular diseases.

Genotyping

To investigate a possible association between CNV in

highly myopic elderly patients and the genetic risk

factors of AMD, we genotyped the three AMD-associated

SNPs, namely rs10490924 (A69S) of ARMS2/LOC387715,

rs11200638 of HTRA1, and rs1061170 (Y402H) of CFH,

which have repeatedly been shown to be significantly

associated with AMD.

Genomic DNA was prepared from the leucocytes

of the peripheral blood using a DNA extraction kit

(QuickGene-610L, Fujifilm, Minato, Tokyo, Japan).

The public dbSNP database build 128 was used to

extract the genotyping information for the SNPs. All of

the SNPs were genotyped using Taqman SNP assays

with the ABI PRISM 7700 system (Applied Biosystems,
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Foster City, CA, USA) according to the manufacturer’s

instructions.

Statistical analyses

The Hardy–Weinberg equilibrium (HWE) for the

genotypic distribution was evaluated using the HWE-

exact test for each group. Differences in the demographic

features between the HM-CNV group and the HM-

control group or the PB-control group were tested for

statistical significance by the w2 test for dichotomous data

and by the Wilcoxon rank sum test for continuous data.

Differences in the observed genotypic distribution

between the HM-CNV group and the HM-control group

were tested by the Trend w2 test. Logistic regression

analysis was performed for age and gender adjustments.

These statistical analyses were performed using software

R (http://www.r-project.org/).

The D’ for pairwise linkage disequilibrium (LD) index

between rs10490924 and rs11200638, both on

chromosome 10q26, was calculated. Differences in the

inferred haplotype frequencies between the HM-CNV

group and the HM-control group were also examined by

the w2 test, and multiple testing correction for the P-value

(Pc) was performed by the permutation test (number of

iterations¼ 10 000).36 Haplotype analyses were

performed using the Haploview version 4.0.37

The single SNP analyses and the haplotype analyses

between the HM-CNV group and the PB-control group

were performed in the same way. The level of statistical

significance was set at Po0.05 and Pco0.05.

Results

The demographics of the study population are shown in

Table 1. The HM-CNV group and the HM-control group

were not age or gender matched, and the HM-control

group was younger and had a higher male-to-female

ratio than the HM-CNV group. However, these

differences were not significant (P40.1 for age and

P40.1 for gender). Both the HM-CNV group and the

HM-control group were significantly older than the

population-based control group because highly myopic

patients X50 years old were recruited and had lower

male-to-female ratios because high myopia is a

phenotype seen more frequently in women than in men.

The genotype counts, associations, and odds ratio (OR)

for rs10490924, rs11200638, and rs1061170 in the HM-

CNV group and the HM-control group are shown in

Table 2. The distributions of the genotypes for the three

SNPs were all in HWE (P40.1). The differences in the

genotypic distributions for the three SNPs between the

HM-CNV group and the HM-control group were not

statistically significant (P40.1). After correcting for

Table 1 Characteristics of the study population

High myopia X50 years old Population-based control
(PB-control group)

With CNV
(HM-CNV group)

Without CNV
(HM-control group)

P-value

Number of patients 183 170 374

Age (years)
Range (median) 50–78 (63) 50–79 (61) 0.26a 29–58 (34)
Mean±SD 62.7±6.3 62.3±7.1 39.2±9.6

Gender, number (%)
Male 43 (23.5%) 53 (31.2%) 0.11b 190 (50.8%)
Female 140 (76.5%) 117 (68.8%) 184 (49.2%)

Axial length (mm)c

Range (median) 26.48–35.44 (28.77) 26.49–35.55 (29.29) o0.01a NA
Mean±SD 29.00±1.64 29.38±1.81 NA

Number of phakic eyes 219 223 NA
Refractive power of the phakic
Eyes (Diopters, mean±SD) �12.83±4.46 �13.18±4.60 NA

CNV, choroidal neovascularization; NA, not available; SD, standard deviation.
aWilcoxon rank sum test.
bw2 test.
cAxial length of the both eyes (366 eyes in HM-CNV group and 340 eyes in HM-control group).
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gender and age differences based on a logistic regression

model by assuming an additive effect of each of the three

SNPs, no new significant differences were found between

the two groups. We performed a subset analysis on the

141 highly myopic cases with monocular CNV. Again, no

significant differences were found in the genotypic

distribution for these subjects (data not shown). To

examine the effects of different age inclusion criteria, we

also performed subset analyses on much older HM-CNV

and HM control (X55, X60, and X65 years of age).

However, no new significant differences were found in

this study (data not shown).

In this study population, rs11200638 and rs10490924

were in strong LD (D’¼ 0.97). The inferred haplotype

frequencies in the HM-CNV group and the HM-control

group are shown in Table 3. The haplotype frequencies

were not significantly different between the HM-CNV

group and the HM-control group after the multiple

testing corrections. Haplotype analyses using the subset

of cases with monocular CNV also did not show any

significant differences even before the multiple testing

correction (data not shown).

Single SNP analyses and haplotype analyses between

the HM-CNV group and PB-control group for the three

SNPs also showed no significant associations (data not

shown).

We analysed the genotypic distributions for

rs10490924, rs11200638, and rs1061170 in the pooled

highly myopic cases (HM-CNV groupþHM-control

group) and compared them with the PB-control group to

check for a possible difference in the genetic background

for the three AMD-associated SNPs in the highly myopic

population. The results are shown in Table 4. The

distributions of the genotypes were all in HWE (P40.1).

There were no significant differences even after gender

and age adjustment between the pooled highly myopic

cases and the PB-control group.

Discussion

The results of this study showed that the genotypic

distribution of three AMD-associated SNPs, rs11200638,

rs10490924 and rs1061170, in highly myopic elderly

Japanese patients with CNV did not differ significantly

from that in highly myopic elderly Japanese without

CNV. All of the highly myopic patients with binocular

CNV in our study had an old CNV in the fellow eye at

their first visit, suggesting that some of the patients

Table 2 Genotype counts, associations, and odds ratios for rs10490924, rs11200638, and rs1061170 in the HM-CNV group and the
HM-control group

SNP Genotypea HM-CNV group (n¼ 183) HM-control (n¼ 170) Nominal Pc Age and gender adjustedd

Genotype count HWE Pb Genotype count HWE Pb P OR (95% CI)

rs10490924
ARMS2 Ala69Ser

GG/GT/TT 60/92/27 0.44 73/72/24 0.40 0.15 0.16 1.25 (0.92–1.70)

rs11200638
HTRA1(�625G4A)

GG/GA/AA 57/95/28 0.29 67/76/26 0.62 0.27 0.28 1.19 (0.87–1.61)

rs1061170
CFH Tyr402His

TT/TC/CC 160/22/0 1.00 146/16/1 0.39 0.77 0.84 1.07 (0.56–2.04)

CI, confidence interval; CNV, choroidal neovascularization; HM, high myopia; HWE, Hardy–Weinberg equilibrium; OR, odds ratio; SNP, single

nucleotide polymorphism.
aThe repeatedly replicated AMD-risk allele is allele A in rs11200638, allele T in rs10490924, and C in rs1061170, respectively.
bHardy–Weinberg equilibrium for the genotypic distribution was examined using the HWE-exact test.
cDifferences in the observed genotypic distribution was examined by the Trend w2 test.
dAge, gender adjustment was performed based on a logistic regression model by assuming an additive effect in each of the three SNPs.

Table 3 Association of inferred haplotype for rs10490924Frs11200638 with CNV in highly myopic eyes of the elderly Japanese
population in this study

Haplotype Haplotype frequency Frequencies in case and control P-valuea

HM-CNV group (n¼ 183) HM-control group (n¼ 170) Nominal Corrected

G-G 0.611 0.587 0.623 0.32 0.71
T-A 0.365 0.409 0.356 0.14 0.39
G-A 0.017 0.004 0.021 0.04 0.10

CNV, choroidal neovascularization; HM, high myopia.
aThe nominal P-values were calculated by the w2 test, and multiple testing correction for the P-value was performed by the permutation test (number of

iterations¼ 10000).
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might have had a CNV long before their first visit, that is

they might have had a CNV before reaching 50 years of

age. Thus, we analysed a subset of the HM-CNV group

with monocular CNV, but still no significant differences

were found in the distribution of the three SNPs. These

results indicated that the molecular or cellular events that

are related to these AMD-associated SNPs have little, or

small if any, contribution to the development of CNV in

highly myopic eyes of the elderly Japanese population.

CNV is a complication common to both high myopia

and AMD.3 It can be difficult or impossible to distinguish

between the CNV that is attributable to excessive axial

elongation and the CNV that is attributable to the

aetiology of the wet-type AMD in highly myopic eyes of

the elderly.1 The important phenotypic hallmarks of

AMD are soft drusen and pigment abnormalities in the

macular area.38–40 In the highly myopic eyes of elderly

patients, other characteristic changes typical of

pathological myopia, for example chorioretinal atrophy,

lacquer cracks, or posterior staphyloma, are often

present.41 These degenerative changes make it difficult to

determine, using ophthalmoscopic examinations,

whether the hallmarks of AMD are present. Thus, we

hypothesized that highly myopic patients who develop

CNV after 50 years of age may have some contribution

from the same genetic factors associated with AMD.

Recently, Fernandez-Robredo et al34 investigated a

possible contribution of the two AMD-associated SNPs,

rs1061170 (Y402H) and rs10490924 (A69S), to CNV

associated with high myopia in a Spanish population

430 years of age. This group studied 100 patients with

CNV associated with high myopia and 96 age-matched

highly myopic controls without CNV. They did not find

a significant difference in the genotypic distribution

between the two groups for these AMD-associated SNPs.

In this study, we focused on more elderly patients, that is

X50 years of age, with CNV in highly myopic eyes to

maximize the detection power based on the hypothesis

that the contribution by these AMD-associated SNPs to

the development of CNV may be stronger in older

patients. Our study in elderly myopic patients (183 HM-

CNV cases and 170 HM controls) has an 80% power at an

a-error of 0.05 for detection of an OR 41.88 when the risk

allele frequency is 0.35 in the controls (rs10490924 and

rs11200638) and an OR 43.19 when the control risk allele

frequency is 0.05 (rs1061170). However, we did not find

any significant differences.

Some case–control studies in the elderly and

population-based epidemiological studies have reported

that hypermetropia is one of the risk factors for early age-

related maculopathy (early ARM) and/or late ARM

(ie AMD).42–48 From the results of the Beijing Eye Study,

Xu et al49 reported that the prevalence of both early and

late ARM was significantly lower in the highly myopic

group. We also analysed the differences in the genotypic

distributions for the AMD-associated SNPs by the Trend

w2 test between the pooled elderly (X50 years old) highly

myopic cases (HM-CNV groupþHM-control group) and

the PB-control group. The difference between the two

groups was not significant. Although the recruitment

of the highly myopic cases in our study was not

population –based, but hospital based, these results

suggest that the low prevalence of AMD in highly myopic

cases cannot be explained simply by the difference of

genetic background on the AMD-associated locus

between highly myopic cases and the general population.

This study has some limitations. First, the age of the

HM-CNV patients was recorded at the first visit. We did

not know the exact time of the onset of the CNV, and

there might have been an interval between the

development of CNV and the examinations in some

cases. This possibility is important in the cases with

binocular CNV at their first consultation because old

CNV was present in their fellow eyes. To reduce this bias,

we performed a subset analysis on monocular CNV cases

only. However, the results did not change. Second, the

HM-CNV group and HM-control group were not age

and gender matched. To minimize the possible influence

Table 4 Genotype counts, associations, and odds ratios for rs10490924, rs11200638, and rs1061170 in the pooled high myopia group
and the population-based control group

SNP Geotype a Pooled HM group (n¼ 353) PB-control group (n¼ 374) P c Age and gender adjusted d

Genotype count HWE P b Genotype count HWE P b P OR (95% CI)

rs10490924 ARMS2 Ala69Ser GG/GT/TT 133/164/51 1.00 151/174/46 0.74 0.35 0.48 0.82 (0.47–1.43)
rs11200638 HTRA1(�625G4A) GG/GA/AA 124/171/54 0.74 147/163/53 0.50 0.26 0.36 0.78 (0.45–1.33)
rs1061170 CFH Tyr402His TT/TC/CC 306/38/1 1.00 313/58/0 0.15 0.12 0.21 0.48 (0.15–1.54)

CI, confidence interval; CNV, choroidal neovascularization; HM, high myopia; HWE, Hardy–Weinberg equilibrium; OR, odds ratio; PB, population-

based; SNP, single nucleotide polymorphism.
aThe repeatedly replicated AMD-risk allele is allele A in rs11200638, allele T in rs10490924, and C in rs1061170, respectively.
bHardy–Weinberg equilibrium for the genotypic distribution was examined using the HWE-exact test.
cDifferences in the observed genotypic distribution was examined by the Trend w2 test.
dAge, gender-adjustment was performed based on a logistic regression model by assuming an additive effect in each of the three SNPs.
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of these differences, we performed age and gender

adjustments using the logistic regression analysis and

found no new significant associations. Third, the age

range of the population-based control group in this study

was significantly younger than that in the high myopia

groups. Some of these young controls may develop axial

elongation and may become ‘highly myopic’ in the

future. Therefore, the case–control association analyses

using these subjects tend to be statistically conservative.

To circumvent the shortcomings, it will be important to

perform a replication analysis using age-matched

population-based controls.

In summary, our results show that the genotypic

distribution of three AMD-associated SNPs (rs10490924

(A69S) of ARMS2/LOC387715, rs11200638 of HTRA1, and

rs1061170 (Y402H) of CFH) in highly myopic elderly

Japanese patients with CNV was not significantly

different from that in highly myopic Japanese patients

without CNV. These results indicate that these SNPs do

not contribute significantly to the development of CNV

in highly myopic eyes of the elderly Japanese population.
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