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Abstract

e AIM: Age-related macular degeneration (AMD) is the

leading cause of blindness in the developed world and
complement factor H (CFH) polymorphism has been found to
associate with the AMD. To investigate whether the Y402H
variant in CFH is associated with AMD in Chinese populations,
a systematic review and meta-analysis were performed to
estimate the magnitude of the gene effect and the possible
mode of action.

e METHODS: A meta-analysis was performed using data

available from ten case-control studies assessing association
between the CFH Y402H polymorphism and AMD in Chinese
populations involving 1538 AMD. Data extraction and study
quality assessment were performed in duplicate. Summary
odds ratios (ORs) and 95% confidence intervals (CIs) an
allele contrast and genotype contrast were estimated
usingfixed- effects models. The Q-statistic test was used to
assess heterogeneity, and Funnel plot was used to evaluate
publication bias.

e RESULTS: Seven of ten case-control studies were

neovascular AMD, and few studies came from west and north
of China. There was strong evidence for association between
CFH and AMD in Chinese population, with those having risk
allele C 2.35 times more likely to have AMD than subjects
with T allele. Evidence of publication bias was not observed in
our meta-analysis.

e CONCLUSION: This meta-analysis summarizes the strong

evidence for an association between CFH and AMD in Chinese
and indicates each C allele increasing the odds of AMD by
2.33-fold.But more evidences about the relation between CFH
polymorphism and different type of Chinese AMD from
various district were needed.
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INTRODUCTION

ge-related macular degeneration (AMD) is the leading

cause of blindness in the developed world, accounting
for half of all new cases of registered blindness . AMD is
a common multifactorial and heterogeneous disorder. Owing
to an expected demographic shift towards ageing
populations, the prevalence of AMD is expected to double
in the coming decades ™ and the burden of AMD is set to
grow. It was traditionally thought that Asians, including
Chinese, have relatively lower prevalence rates for AMD
compared with whites %, Although the precise cause of
AMD remains elusive, recent genetic studies have provided
significant insights into the molecular basis of AMD. Recent
genetic association studies have demonstrated that the
complement factor H (CFH) gene is a major risk factor for
the development of AMD in various ethnicities [, A
common allele Y402H of CFH which is characterized by a
substitution of histidine for tyrosine at codon 402 on the
long arm of chromosome 1, region 31 (rs1061170), alters
the binding of the CFH protein to sulfated polysaccharides.
The Y402H coding variant in CFH has been extensively
studied via genetic and molecular method, which provides
strong statistical evidence for disease association and a
plausible biological context supporting this variant as an
attractive candidate for a causal polymorphism leading to
the development of AMD. However, most of these studies
came from western countries, and the compelling
association between Y402H and AMD observed in
European cohorts is not as relevant to the disease risk in
populations of Asian ancestry. Multiple independent studies
have been performed to assess the association between
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Table 1 General characteristic of studies included in the review

Sample size

Subjects

Study Year Case/control Institution origin Phenotype of cases ~ Meanage  Male% Genotyping Method
Lau'® 2006 163/232 National Yang-Ming Taiwan Neovascular AMD 76.1 81.8 PCR-RFLP
University, Taipei
Chu " 2008 144/126 (';Z‘fl‘:gge[g‘;‘s’;imedwal Beijing ~ Neovascular AMD  67.2 54.8 PCR-RFLP
. [19] China Medical University Taichung, Real-time PCR-based (melting
Lin 2008 133/180 Hospital Taiwan Early AMD NA NA curve analysis)
Ng[zo] 2008 163/155 %:gse University of Hong Hong Kong Neovascular AMD 74.3 50.3 Direct sequencing
Xu?! 2008 121/132 Beijing  Tongren Hospital Beijing Neovascular AMD 66.1 54.9 PCR-RFLP
Pei™! 2009 123/130 ll:zl;lpni%alljmversny People's Beijing Neovascular AMD 69.9 53.0 Direct sequencing
Gao'®! 2010 208/140 Beijing  Tongren Hospital Beijing Soft drusen 57.5 4.8 PCR-RFLP
158/220 Sichuan Provincial People's Mixed
Liu®*" 2010 30/220 Hospital Sichuan (neovascular/soft 64.2 54.6 Direct sequencing
- drusen)
Yang 2010 109/150 AR liated H(?sp 1te}l of Nantong Neovascular AMD 64.8 46.7 PCR-RFLP
Nantong University
Dong™” 2011 136/140 Qilu Hospital of Shandong g1 qone Neovascular AMD 70.4 59.0 PCR-RFLP

University

AMD= age-related macular degeneration; PCR= polymerase chain reaction; RFLP=restriction fragment length polymorphism. NA =not available.

Y402H and AMD in Asian populations %! but most of
these studies reported a lack of association in Korean,
Japanese and Chinese. The Chinese population consists of
56 ethnicities with very diverse genetic backgrounds.
Several studies are now emerging from various geographic
areas of China, and three independent studies from Beijing™"
and Nantong ™ and Hongkong ' reported no significant
association between Y402H and Neovascular AMD. The
low frequencies of variant alleles and small sample sizes in
studies have hindered reliable assessment of the association
between CFH Y402H and AMD in Chinese populations. To
overcome these barriers, we performed a robust systematic
meta-analysis of 10 case-control studies involving 1538
patients and 1605 normal controls of Chinese ancestry to
assess the association between the Y402H variant and AMD
in Chinese populations.

MATERIALS AND METHODS

Materials MEDLINE (from January 1966 to October 9,
2011) was searched using the PubMed search engine. The
search strategy was "macular degeneration" or "AMD"
AND"complement factor H" OR "CFH". Results were
limited to English language papers. The literature search
was performed in duplicate by two authors (Y.L. and A.Y.).
Studies included in the meta-analysis had to fulfill the
following criteria: (1) The study must be unrelated case
control, representing an assessment of the association
between the CFH Y402Hvariant and AMD in Chinese
populations; (2) the study must present available data on
allele and genotype distributions for case and control
subjects; (3) the study must be written in English and published
in peer-reviewed journals. For duplicate publications, the
largest dataset was chosen for meta-analysis.

Methods

Data extraction Data were extracted independently and in

duplicate by two reviewers (Y.L. and A.Y.) using a

standardized data extraction form. Any disagreement was
(Z.H.). The following
variables were extracted from each study: the name of the

adjudicated by a third author

first author, year of publication, institution of the study,
geographic region, phenotype of cases evaluated, sample
size, mean age and gender ratio of study participants, and
allele and genotype distributions in cases and controls.

Statistical Analysis For each study, deviations from the
Hardy-Weinberg equilibrium (HWE) in control subjects
were tested wusing the exact test. Between-study
heterogeneity was assessed by the Q-statistic test and
Pstatistic. P <0.1 was considered statistically significance
for the Q-statistic test. /2 ranges between 0% and 100%
(where a value of 0% represents no heterogeneity) and
larger  values represent increasing  heterogeneity.
Meta-analysis was performed to evaluate the evidence on the
association between CFH Y402H and AMD in Chinese
populations using the Mantel-Haenszelfixed- effects model.
funnel plot. All
meta-analyses were performed using RevMan software
(version 5.0). All tests were 2-tailed. /<0.05 was considered

statistically significance except for the test of between-study

Publication bias was assessed by

heterogeneity.

RESULTS

Eligibility of Studies A total of 316 publications were
identified in the initial PubMed search, of which 11 met our
inclusion criteria. 2 eligible studies were the same cohorts.
Table 1 lists the studies included in the meta-analysis
together with summary characteristics of study subjects. All
studies were case-control designs with subjects of Chinese
ancestry, of these half were age matched or age and sex

[17,20,24-26] .
9

matched healthy controls mean age ranged from
57.5 to 76.1 years; percent males ranged from 44.8 to
81.8%. The quality of studies ranged from 5 to 9, out of a

best possible score of 12. The combined sample size for this

243



CFH Y402H and AMD: meta—analysis

Table 2 Estimation of the pooled prevalence of the CFH Y402H allele

Study HWE P-value N T Frequency % Allele C Frequency % Allele

Lau ' 0.66 464 219 97.20 13 2.80

Chu " 0.23 252 239 94.84 13 5.16

Lin " 0.53 360 344 95.56 16 4.44

Ng 2% 0.71 310 301 97.10 9 2.90

Xu 21 0.32 264 243 92.05 21 7.95

Pei 2 0.58 260 248 95.38 12 4.62

Gao 0.50 280 265 94.64 15 5.36

Liu Y 0.66 440 416 94.55 24 5.45

Yang 1%} 0.37 300 194 88.99 24 11.01

Dong % 0.36 280 255 91.07 25 8.93

Pooled prevalence (%) 94.50 (95% CI: 92.2, 96.0) 5.50 (95% CI: 3.97, 7.75)
ANVD Control Odds Ratio Odds Ratio

Study or oup _ Events Total Events Total Weight MH, Fixed, 95%Q MH, Fixed, 95%Cl

2006Lay, LI 37 3B 13 44 65% 44423 850 —

2008Chul B 28 13 2 82% 263[1.3,507] —

2008Lin JM % 26 16 30 80% 3B[1.76,6012 -

2008Ng, T. K 19 3% 9 310 59% 2070 465 —

2008Xu, Y 2% 22 2 264 122%  1.33[0.73,245] T

2009P&i, XT 2 246 12 200 69% 309[1556.15] —_

2010Geo, Y 0 416 15 280 110% 1.83[0.99,3.39] —'—

2010Liy, X 50 47 24 440 152%  208[1.23,337] .

2010Yang, X 24 218 6 300 132%  130[0.73,2.34] T

2011Dong, L B4 272 25 280 128%  314[1.91,5.16] -

Total (95%Cl) 3076 3210 1000% 235[1.94, 284] ¢

Tatd evenis 361 174 .

Heterogenetty: Chi = 15,00, df =9 (P=009); I =40%
Test for overall effect Z=8.83 (P <0.00001)

001 01 1 10 100
Favours experimental  Favours control

Figure 1 Forest plot of fixed effects meta—analysis of the association between Y402H and AMD based on allelic contrast Odds

ratios (black squares) and 95% Cls (bars) are given for each study. Also shown are the shaded diamonds of the summary ORs based on the

Mantel-Haenszel fixed-effects model. CI =confidence interval; OR=0dds ratio.

meta-analysis was 1538. We estimated summary odds ratios
(ORs) and 95% confidence intervals (CIs).

Allele Frequency Data from control groups were used for
(Table 2). All studies were
observed Hardy-Weinberg equilibrium (HWE) and were

pooling allele prevalence

included in pooling. The pooled prevalence for the risk
allele C was 5.50% (95% CI: 3.97, 7.75).

Quantitative Synthesis We performed a meta-analysis
based on an allele contrast model. The Y402H variant
showed a significant summary OR of 2.35 (95% CI,
1.94-2.84; fix-effects ~<0.001; Figure 1). The Q-statistic
test indicated no significant between-study heterogeneity
across the 10 studies ( @=15.09, df=9, ~2=0.09, /= 40%,
Figure 1). We also calculated a summary OR based on
genotype contrast. For this analysis, we considered a
dominant genetic model, which compares a combination of
C/C and C/T genotypes with the homozygous T/T, because
of the rarity of the CC genotype. The summary OR was
2.39 (95%CI, 1.95-2.92) for carriers of the risk allele C
(fixed-effects, 20.001) with no evidence of heterogeneity
(@ =13.76, d=9, 2= 0.13, /*= 35% ; Figure 2), The
population attribute risk for carrying at least 1 risk allele
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was 8.8% (95% CI, 5.9-12.1). Next, we performed a
stratified analysis according to the sub-phenotype of AMD.
The summary ORs for neovascular AMD risk were 2.37
(95% CI, 1.92-2.93) and summary ORs for soft drusen were
2.20 (95% CI, 1.53-3.17) in the allelic contrast.

Publication Bias We assessed publication bias using
funnel plot with pseudo of 95% confidence limits of 10
(Figure 3). No
statistically significant evidence of publication bias was

references including in the meta-analysis

detected for the allelic contrast model and dominant model.
DISCUSSION

Past studies have indicated that inflammation plays a role in
the initiation and progression of AMD. The association
between the Y402H polymorphism and AMD is consistently
reported in Northern American and European populations.
The magnitude of CFH Y402H and AMD association
appears to become lower when studies move from the West
to the East. A Russian study reported an OR in patients
homozygous for the 402H variant to be only 2.45 &1
whereas ORs higher than 3 have been reported in Western
populations ). Most studies on Eastern Asian populations
have shown no evidence of 402H association with AMD,
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AND Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H Fixed. 95% Cl IHH, Fixed, 95% Cl
2006Lay, LI 31 163 13 232 69% 396200 7.83] ——

2008ChuJ 3% 144 12 16 77%  305[151,6.18] —
2008LinJM 27 1B 16 180 86%  261[1.34,508] -

2008Ng, T. K 18 163 9 15 65% 201[0.88 463 —

2008Xu, Y 24 121 21 132 128%  1.31[0.69,2.49] T

2009Psi, X.T 0 123 12 130 70%  317[1.54,6.53 —

2010G=0, Y % 208 15 140 118%  1.74[092 3.32] ——

2010Liy, X 50 23 24 220 157%  217[1.28,3.68) -

2010Yang, X 2 109 24 150 127%  1.40[0.74,2.65] ™

2011Dong, L 0 1% 2 140 101%  402[2.29,7.04] -

Total (95% Cl) 1538 1605 100.0%  239[1.95,292] ¢

Total events 334 169 . . . .
Heterogeneity: Chi = 13.76, df =9 (P = 0.13); I = 35% - - - -
Test for overall effect: Z = 8.42 (P < 0.00001) Fax?d?:s @(p%:imntal ! Favwr;gomlmo

Figure 2 Forest plot of fixed effects meta—analysis of the association between Y402H and AMD based on genotype contrast Odds

ratios (black squares) and 95% Cls (bars) are given for each study. Also shown are the shaded diamonds of the summary ORs based on the

Mantel-Haenszel fixed-effects model. CI =confidence interval; OR = odds ratio.

SE(log[OR])
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Figure 3 Funnel plot with pseudo of 95% confidence limits of
10 references including in the meta—analysis.

including some studies from Chinese population. This
meta-analysis reported a summary allele OR of 2.35 (/2~<
0.001) and strongly supported the notion that the Y402H
variant is a risk factor for AMD in Chinese populations. In
individuals carrying at least 1 copy of the risk C allele,
disease risk is increased by approximately 2-fold. And
evidence of publication bias was not observed in our
meta-analysis.

The CFH Y402H polymorphism is located within a binding
site for heparin and C-reactive protein (CRP), a systemic
inflammatory marker associated with AMD. Therefore,
changes in this region of the protein may result in a
malfunctioning CFH that is not able to inhibit the
complement cascade properly. The variation of CFH may in
part explain the differences in the prevalence of late AMD
in various ethnicities and geographic regions and the
different treatment response of AMD to photodynamic
therapy (PDT) or intravitreal bevacizumab !> *%. But so
far, to our knowledge there was no evidence from Chinese
about the CHF polymorphisms and PDT treatment response

association or a pharmacogenetic effect of the CFH Y402H
variations with ranibizumab in Chinese AMD.

In summary, this meta-analysis summarizes the strong
evidence for an association between CFH and AMD in

Chinese  population, and indicates a potentially
multiplicative model with each C allele, increasing the odds
of AMD by 2.3-fold. But China has broad area and a great
variety of ethnicities with very diverse genetic backgrounds.
Most vidences including in this reviews came from limited
geographical position and genetic backgrounds. So much
evidence and further additional prospective studies of larger
sample populations are needed to understand the role of
genetic factors on the prevalence and treatment response for
this blinding eye disease from China.
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