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Abstract

Purpose We designed this meta-analysis to pool

studies which have analyzed both CFH (Y402H or

I62V) and ARMS2 A69S in the same samples to

compare the effect of CFH and ARMS2 in neovascular

AMD.

Methods Relevant studies identified and reviewed

separately in order to select those for inclusion.

Included studies had genotype data of studied groups

for both ARMS2 A69S and CFH. To modify the

heterogeneity in the variables, we used random effects

model. Meta-analysis was performed using STATA.

Funnel plot and Egger’s regression test used for

evaluation of the possible publication bias.

Results Overall, we included 6676 neovascular

AMD cases and 7668 controls. Pooled overall odds

ratios (ORs) (95% CI) for neovascular AMD/control

were ARMS2 A69S: OR = 2.35 (2.01–2.75) for GT

versus GG; OR = 8.57 (6.91–10.64) for TT versus

GG; CFH Y402H: OR = 1.94 (1.73–2.18) for CT

versus TT; OR = 4.89 (3.96–6.05) for CC versus TT.

ARMS2 A69S genotype OR/CFH Y402H genotype

OR (homogeneous genotypes): Asia = 2.14, Europe:

1.87, America: 1.82, Middle East: 3.56, pooled: 1.75.

ARMS2 A69S genotype OR/CFH Y402H genotype

OR (heterogeneous genotypes): Asia = 0.93, Europe:

1.39, America: 2.06, Middle East: 1.20, pooled: 1.21.

ARMS2 A69S risk genotypes have stronger predis-

posing effect on neovascular AMD compared to CFH

Y402H risk genotypes.

Conclusion Our inclusion criteria to select those

studies which have analyzed the effect of these two

loci in the same case-control samples showed much

stronger effect of ARMS2 A69S in neovascular AMD

compared to the CFH Y402H.

Keywords ARMS2/LOC387715 A69S � CFH

Y402H � Wet-type age-related macular degeneration �
Meta-analysis

Introduction

Age-related macular degeneration (AMD) is the

leading cause of blindness in industrialized countries

[1]. Choroidal neovascularization, the hallmark of

wet-type AMD, is responsible for the majority of cases

with severe vision loss in AMD [2]. Predisposing
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genetic factors, most importantly CFH Y402H

mapped on chromosome 1q31 and ARMS2 A69S

mapped on chromosome 10q26, are well-established

risk factors for AMD [3, 4].

In a recent survey, we have shown that there may be

a common pathway for the effect of ARMS2 A69S and

CFH Y402H risk genotypes in AMD [5]. Previous

meta-analyses have shown that these two genetic

factors may have a roughly equal risk effect in AMD

(ARMS2 TT and GT OR = 7.51 and 2.35; CFH

Y402H CC and CT OR = 6.32 and 2.50, respectively)

[6, 7]. Although these studies have shown roughly

equal risk effect, the major limitation of these studies

is that none of them has exclusively included studies

evaluating the effect of both of these two genes in the

same population. It seems that the pooled data of these

two genes each in different samples and population

could not reflect precisely the difference in risk effect

of these two genetic loci. We designed this meta-

analysis to gather studies that have investigated both

CFH (Y402H or I62V) and ARMS2 A69S genotypes

in the same samples to compare the risk effect of CFH

and ARMS2 in neovascular AMD.

Methods

To understand the significance of the observed asso-

ciations of ARMS2/LOC387715 (rs10490924), CFH

Y402H, and CFH I62V genotypes in neovascular

AMD versus control group in different studies, we

designed a meta-analysis with calculation of the

estimated odds ratios (ORs). For each locus genotype,

OR was calculated compared to the non-risk genotype

(such as CC vs. TT CFH Y402H). The included studies

were based on a literature search in the PubMed in

September 2016 using the phrase ‘‘AMD or age-

related macular degeneration or age related macular

degeneration and rs1061170 or Y402H or I62V or

complement factor H or CFH or rs10490924 or

ARMS2 or age-related maculopathy susceptibility 2

or age related maculopathy susceptibility 2 or

LOC387715’’ in the title or abstract.

Data extraction

Two retina specialists (MHJB, HN) identified relevant

studies and reviewed the full-text manuscripts of the

studies separately in order to select those for inclusion.

Any human-based association study, regardless of

ethnicity or sample size, was included if it met the

following criteria: the main outcome of interest or one

of the study outcomes was neovascular AMD, there

were at least two comparison groups (neovascular

AMD vs. control with available data of genotype

distributions), there were sufficient results for extrac-

tion of data, and the study contained genotype data

(not allele) of both ARMS2 A69S and CFH (Y402H or

I62V) single nucleotide polymorphisms (SNPs). For

the duplicated data, the largest one was included.

Summary data were extracted independently and in

duplicate by two of the authors (MHJB, HN) using a

standardized data extraction form, and covariates were

also extracted where possible. Any disagreements

between these authors were resolved through consen-

sus. The articles were restricted to the English

language. Figure 1 illustrates summary of study

search and selection in this meta-analysis.

Fig. 1 Summary of study search and selection in this meta-

analysis
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Statistical analysis

To present data, we used mean, standard deviation,

range, frequency, and percent. In order to determine,

whether SNP was in the Hardy–Weinberg equilibrium

(HWE), a chi-square test was performed in all studies.

We used forest plots to obtain the estimation of the

effect of each study and pooled effect of all studies

with their confidence interval (CI) to provide a visual

summary of the data. Heterogeneity of studies was

evaluated using Cochran Q-test and I-square index,

and P\ 0.05 considered as the standard for hetero-

geneity. To modify the heterogeneity in the variables,

we used the random effects model. Meta-analysis was

performed using STATA (StataCorp. 2013. Stata

Statistical Software: Release 13. College Station,

TX: StataCorp LP). Funnel plot (qualitative method)

and Egger’s regression test (quantitative method) were

used for evaluation of possible publication bias. To

modify heterogeneity among studies, the results were

pooled using random effects analysis.

Results

Of the screened articles, twenty studies were identified

to be eligible by our search strategy for inclusion in the

present meta-analysis [8–27]. Overall, we included

6676 neovascular AMD cases and 7668 controls in the

present meta-analysis. Characteristics of the included

studies have been described in Table 1.

Publication bias was assessed by Egger’s test as

follows: Neovascular AMD versus control group,

ARMS2 TG/GG: coefficient = - 0.15, P = 0.88;

ARMS2 TT/GG: coefficient = 1.41, P = 0.10; CFH

Y402H CT/TT: coefficient = 0.67, P = 0.36 and

CFH Y402H CC/TT: coefficient = - 0.206,

P = 0.767. CFH I62V GA/AA: coefficient = - 2.01,

P = 0.284; and CFH I62V GG/AA: coefficient =

- 1.76, P = 0.363.

Pooled overall ORs (95% CI) for neovascular

AMD/control were as follows: ARMS2 A69S: OR =

2.35 (2.01–2.75) for GT versus GG; OR = 8.57

(6.91–10.64) for TT versus GG; CFH Y402H: OR =

1.94 (1.73–2.18) for CT versus TT; OR = 4.89

(3.96–6.05) for CC versus TT; CFH I62V: OR = 1.31

(0.58–2.94) for GA versus AA; OR = 2.57 (1.09–6.04) for

GG versus AA (Figs. 2, 3, 4).

ARMS2 A69S risk genotypes have stronger pre-

disposing effect on neovascular AMD compared to

CFH Y402H risk genotypes. Calculating ARMS2

A69S genotype OR/CFH Y402H genotype OR shows

that for different geographic regions ARMS2 A69S

risk genotypes have stronger risk effect toward

neovascular AMD: Ratio of ARMS2 A69S genotype

OR to CFH Y402H genotype OR (homogeneous

genotypes) was: Asia = 2.14, Europe: 1.87, America:

1.82, Middle East: 3.56, and pooled: 1.75. Ratio of

ARMS2 A69S genotype OR to CFH Y402H genotype

OR (heterogeneous genotypes) was: Asia = 0.93,

Europe: 1.39, America: 2.06, Middle East: 1.20, and

pooled: 1.21.

Ratio of ARMS2 A69S genotype OR to CFH I62V

genotype OR (homogeneous genotypes) was:

Asia = 2.55, Europe: 2.83, and pooled: 2.57. Ratio

of ARMS2 A69S genotype OR to CFH I62V genotype

OR (heterogeneous genotypes) was: Asia = 1.33,

Europe: 1.22, and pooled: 1.31.

Discussion

Previous meta-analyses have shown that ARMS2

A69S and CFH Y402H have roughly equal risk effect

for AMD (ARMS2 A69S TT and GT, OR = 7.51 and

2.35; CFH Y402H CC and CT OR = 6.32 and 2.50,

respectively) [6, 7]. The major limitation of previous

meta-analyses was that they have studied the effect of

these two genes in different case-control samples. In

the present meta-analysis, we selected only those

neovascular AMD studies which have analyzed the

effect of these two genes in the same case-control

samples. One of the included studies (Bonyadi et al

ref. No. 20) had only CFH Y402H results, but because

we had access to the ARMS2 A69S genotypes data in

that case-control study (unpublished data), it was

entered in the meta-analysis. Our database search

phrase also covered those studies which have evalu-

ated CFH I62V polymorphism in neovascular AMD.

All pooled studies had ARMS2 A69S and CFH

Y402H data except three, which had ARMS2 A69S

and CFH I62V data.

In an earlier study, we have shown that ARMS2 and

CFH Y402H have unequal risk effects in different

AMD subtypes. We have shown that compared to

CFH Y402H, ARMS2 A69S has a stronger predis-

posing effect in cases with retinal angiomatous
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proliferation compared to neovascular AMD [28] and

also in AMD with reticular pseudodrusen compared to

those without [29].

Interestingly present analysis has shown that in

neovascular AMD cases, homogeneous and heteroge-

neous ARMS2 A69S risk genotypes have 1.75 and

1.21 times stronger risk than CFH Y402H risk

genotypes, respectively.

Because of shortage of studies from Middle East

region (only one study) in our meta-analysis, we could

not have comprehensive judgment for this region.

Although it has been thought that the risk effect

magnitude of CFH Y402H in AMD becomes lower in

Asian populations, Wu et al. [30] in their recent meta-

analysis showed that the CFH Y402H variant is also a

strong risk factor for AMD in Asian populations. Their

pooled data showed OR of 1.88 and 3.89 in neovas-

cular AMD for hetero and homogeneous CFH Y402H

genotypes, respectively; these numbers are similar to

our pooled CFH Y402H OR data from this region. For

all geographic regions in our analysis and for all types

of genotypes (hetero or homogeneous state), we could

Fig. 2 Upper side: forest plots for the effect of ARMS2/

LOC387715 A69S (rs10490924) in neovascular AMD versus

control [Individual and pooled odds ratio estimates for GT

versus GG (left), TT versus GG (right)]. The pooled odds ratio is

indicated by the diamond using random effect model for

analysis. CI: confidence interval (horizontal Lines). Diamond:

the pooled estimate of the odds ratios. I2: index for heterogeneity

of studies. Lower side: funnel plots for the effect of ARMS2/

LOC387715 A69S (rs10490924) in neovascular AMD versus

control (Left part: GT versus GG, Right part: TT versus GG).

These plots indicate that most studies are in the non-significant

bias area (the area between the two lines)

Int Ophthalmol (2019) 39:949–956 953
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see that ARMS2 A69S genotypes have stronger effect

than CFH Y402H genotypes except for Asia region

and for heterogeneous genotype (ARMS2 A69S OR/

CFH Y402H OR = 0.93). On the other hand, it is

visible that among the mentioned regions (Middle East

was not considered) ARMS2 A69S OR/CFH Y402H is

highest in Asia for homogeneous genotypes and is

lowest for heterogeneous genotypes in the same

region.

We supposed that our search protocol to select

studies which had analyzed the effect of these two

genes in the same case-control samples could yield a

precise comparison of these two genetic loci in

neovascular AMD. Although the precise mechanism

of ARMS2 A69S has not been elucidated yet, it has

been shown to have a common pathway of effect with

CFH Y402H in AMD susceptibility [5]. In conclusion,

current study highlighted much stronger effect of

ARMS2 A69S in neovascular AMD compared to CFH

Y402H, while considering only studies that extracted

data for both genotypes. The precise role of this locus

in neovascular AMD and its subtypes needs to be

clarified through further trials and may help find

effective therapeutic modalities in the future.

Fig. 3 Upper side: forest plots for the effect of CFH Y402H in

neovascular AMD versus control [individual and pooled odds

ratio estimates for CT versus TT (left), CC versus TT (right)].

The pooled odds ratio is indicated by the diamond using random

effect model for analysis. CI: confidence interval (horizontal

Lines). Diamond: the pooled estimate of the odds ratios. I2:

index for heterogeneity of studies. Lower side: funnel plots for

the effect of CFH Y402H in neovascular AMD versus control

(Left part: CT versus TT, Right part: CC versus TT). These plots

indicate that most studies are in the non-significant bias area (the

area between the 2 lines)

954 Int Ophthalmol (2019) 39:949–956
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22. Hautamäki A, Seitsonen S, Holopainen JM et al (2015) The

genetic variant rs4073 A ? T of the Interleukin-8 promoter

region is associated with the earlier onset of exudative age-

related macular degeneration. Acta Ophthalmol 93:726–733

23. Recalde S, Fernandez-Robredo P, Altarriba M et al (2008)

Age-related macular degeneration genetics. Ophthalmology

115(916–916):e1

24. Tanimoto S, Tamura H, Ue T et al (2007) A polymorphism

of LOC387715 gene is associated with age-related macular

degeneration in the Japanese population. Neurosci Lett

414:71–74

25. Xu Y, Guan N, Xu J et al (2008) Association of CFH,

LOC387715, and HTRA1 polymorphisms with exudative

age-related macular degeneration in a northern Chinese

population. Mol Vis 14:1373–1381

26. Fang K, Gao P, Tian J et al (2015) Joint effect of CFH and

ARMS2/HTRA1 polymorphisms on neovascular age-re-

lated macular degeneration in Chinese population. J Oph-

thalmol 2015:821918
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