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Introduction

Age-related macular degeneration (AMD) is a degenerative disease of the macula, which is a small
area in the center of the retina, responsible for detailed central vision.AMDis a leading cause of vision loss
in developed countries in people aged over 55 years [1], and due to global population ageing, by 2040 the
numberof individuals affectedbyAMDisexpected tobe288million [2].Theearly stagesof thediseaseare
mainlyasymptomaticbutwhen theprogression to the late stageof thediseaseoccurs, it causes severevison
loss with a great impact on daily tasks, such as recognizing faces, reading and driving. Treatment options,
based on anti-VEGF therapy, are only available for approximately 10%of these patients, the oneswith the
neovascular formofAMD, leaving 90%of themwithout any possible treatment.

AMD is a multifactorial disease, with both genetic and environmental factors (such as age, smoking,
lifestyle, diet) playing an important role.Genetic factors account for 45%to70%of theonset of thedisease
[3]. In 2016 the largest genome-wide association study (GWAS) inAMDwas published and 52 associated
common and rare genetic variants were identified distributed across 34 loci [4]. Although complement
factor H (CFH) gene variants andARMS2/HTRA1 genes play amajor role in the genetic susceptibility to
AMD, also additional genetic variants in or near genes of the complement system (CFH, CFB, CFI, C2,
C3), cholesterol metabolism (ABCA1,APOE, CETP, LIPC), extracellular matrix remodeling (COL8A1
,TIMP3) and other genes in other undefined pathways have been associatedwith the disease.

Recently the first results ofAMD prevalence and incidence, in the central region of Portugal, Mira,
were reported [5,6]. Unexpectedly, lateAMD incidence is lower than the one reported in major epidemi-
ologic studies of European-descent populations. This might be due tomultiple interacting factors, mainly
environmental, lifestyle/diet related, and possibly genetic background.

Ourpurpose is togeneticallycharacterizeaPortuguesesample fromacentral regionofPortugal (Mira),
identify possible variants associated with AMD and to characterize their effect as protective or as risk
factors of disease in this population.Themetabolic/clinical pathways affectedwill also be explored.

Methods

Anepidemiologic study, theCoimbraEyeStudy,wasconductedbetween2009and2011 toestimate the
AMD prevalence and risk factors in a Portuguese sample from the central region of Portugal, recruited
from a coastal (Mira) and an inland town (Lousã).AnAMD incidence study (5-year follow-up), was con-
ducted inMirawith a sample of 1,616 patients. The presence/absence ofAMDwas classified according to
RotterdamClassification, using amultimodal evaluation and bloodwas collected for genetic analysis [6].

Atotal of 948DNAsamples, of243AMDcases (RotterdamClassification stage2,3,4) and 705control
individuals (Rotterdam Classification stage 0, 1), were genotyped under the collaboration with the
European Eye Epidemiology Consortium (E3). The genotyping assay was based on single molecule
molecular inversion probes (smMIPs) and next-generation sequencing (NGS) covering 85 single nucle-
otide polymorphisms (SNPS).

69 SNPSwere successfully genotyped and quality control filters were performed. Samples with more
than 5% missing rate were removed from the dataset. Snps with a call rate < 95%, MAF < 1% (common
snps)or showingdeviations fromHardy-WeinbergEquilibriumwere removed fromfurther statistical ana-
lysis.
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Atotal of 656 samples and 40 snpswere tested for association under an additivemodel, using the pres-
enceofAMDas thebinaryoutcome.Alogistic regressionanalysiswasconducted to estimate theodds ratio
(ORs) at 95%CI for eachvariant. Statistical analysiswas performedusingR (packageSNPassoc). Statist-
ical significancewas set to value<0.05.

Results

Atotal of 980 participants (controls and cases) were included in the study. The controls were younger
(70.9 [66.5 – 75.8] vs 75.1 [69.5 – 80.6] years, p ≤ 0.001), with a higher proportion of males participants
(42.8%vs 38.7%, p=0.258), presenting a higher prevalence of diabetes (20.1%vs 12.8%, p=0.031) and a
lower prevalence of hyperlipidemia (1.7%vs 4.9%, p=0.011) (Table 1).

A single-variant logistic regression analysis was performed for the 40 variants. None of the variants
reached a Bonferroni significance, as indicate in the Figure 1. For each one of the variants who showed a
suggestive association withAMD, the MinorAllele Frequency (MAF) was compared between cases and
controls (Table 2).

We identified four common, intronic variants that were associated with reduced risk ofAMD in our
sample, suggesting a potential protective effect: rs10922109 (OR 0.72; CI 95% 0.56, 0.92, p=0.0076) in
CFH gene; rs1410996 (OR 0.71; CI 95% 0.55, 0.91, p=0.0063) in CFH gene; rs5817082 (OR 0.66; CI
95% 0.49, 0.89, p=0.0059) in CETP gene and rs3812111(OR 0.75; CI 95% 0.58, 0.96, p=0.0199) in
COL10A1gene.

We identified also three variants associated with AMD presence in the sample: intronic variant
rs3750846 (OR 1.49; CI 95% 1.09, 2.03, p=0.0143) in ARMS2/HTRA1gene, missense variant
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Figure 1 - log (p values) for the association analysis of the 40 variants assuming a log-additive genetic model. The
statistically significant associations at nominal level (pink line) are indicated. No variant reached the Bonferroni
corrected level (not shown in the figure).
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rs10490924 (OR1.46;CI95%1.07, 2.00, p=0.0175) inARMS2andsynonymousvariant rs35292876 (OR
2.64;CI 95%1.05, 6.61, p=0.0432) inCFHgene.

Discussion and conclusions

Our preliminary analysis showed similar results with published European larger studies (4,7), despite
of the limited number of participants and common variants. Of all knownAMD variants, the CFH locus
variant rs10922109 is the strongestAMD-associated, reported as havingprotective effect, butwith a lower
OR: 0.38 (7). In our results, CFH rs35292876 variant showed the higher fold increase risk (OR 2.64; CI
95%1.05, 6.61, p=0.0432), similar to the one previously reported in aGWASstudy (7):OR=2.42.

We also identified 7 variants possibly associated withAMD, within genes of the complement system
(CFH), cholesterolmetabolism (CETPandCOL10A1) and alsoAge-RelatedMaculopathy Susceptibility
Protein 2 (ARMS2) andHigh-Temperature RequirementASerine Peptidase 1 (HTRA1) genes.We know
from previous studies that the lipid metabolism is involved inAMD pathogenesis and in our results the
cases showed a significant higher prevalence of hyperlipidemia.

Further analyses are needed to better characterize genetically our population.The variants that showed
apossible associationwithAMDwill be selected for inclusion inamultivariable logistic regressionmodel,
adjusted for age, sex and smoking habits and also nutritional and/or phenotypic factors. We also plan to
explore and perform a rare variant association analysis, since several studies suggest that rare variants can
have larger effect sizes than the commonones
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Table 2 - Genotype frequency and Association variants in a Portuguese population

Gene SNP Allele
(Ref/Alt) Chr Position MAF cases

(n=243)
MAF controls

(n=705)
OR

(95% CI) p-value

CFH rs10922109 C/A 1 196704632 0.361 0.442 0.72 (0.56 - 0.92) 0.0076
CFH rs1410996 G/A 1 196696933 0.360 0.441 0.71 (0.55 - 0.91) 0.0063
CETP rs5817082 C/CA 16 56997349 0.236 0.288 0.66 (0.49 -0.89) 0.0059

COL10A1 rs3812111 T/A 6 116443735 0.415 0.457 0.75 (0.58 -0.96) 0.0199
ARMS2/HTRA1 rs3750846 T/C 10 124215565 0.197 0.140 1.49 (1.09 – 2.03) 0.0143

ARMS2 rs10490924 G/T 10 124214448 0.201 0.142 1.46 (1.07 – 2.00) 0.0175
CFH rs35292876 C/T 1 196706642 0.023 0.011 2.64 (1.05-6.61) 0.0432
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