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Abstract

Purpose To investigate possible associations of

single-nucleotide polymorphisms (SNPs) from five

genes with branch retinal vein occlusion (BRVO) and

central retinal vein occlusion (CRVO).

Methods A total of 69 patients with retinal vein

occlusion-RVO (24 with BRVO and 45 with CRVO),

and 82 controls, were enrolled in this study. All

subjects were screened for hypertension, diabetes

mellitus, hyperlipidemia, glaucoma, anticoagulant

medication, smoking status and history of stroke.

The genotyping of AGTR1-A1166C, adiponectin ?

276 G/T, MMP2-1306C/T, Gpla/lla-C807T/G873A

and VKORC1-G1639A polymorphisms was

performed using restriction fragment length polymor-

phism or allele-specific polymerase chain reaction.

Results The percentage of the AGTR1-A1166C C

allele carriers and Gpla/lla-C807T/G873A T/A carri-

ers was significantly higher in the CRVO patients than

in the controls (P = 0.00001 and P = 0.0004, respec-

tively). At the multiple logistic regression analysis, the

AGTR1-A1166C C allele carrier status and the Gpla/

lla-C807T/G873A T/A allele carrier status were found

to be associated with an increased risk of CRVO.

Moreover, adiponectin ? 276 G/T T allele carriers

had a significantly increased risk of RVO in subjects

C 75 years old. There was no significant difference

between the BRVO patients and controls concerning

the genotype or the allele frequency distributions of

these SNPs. The genotype distributions or allelic

frequencies of the other evaluated polymorphisms did

not significantly differ between the patients with RVO

and the control subjects.

Conclusions AGTR1 A1166C and Gpla/lla C807T/

G873A polymorphisms are likely to be risk factors for

CRVO. Adiponectin ? 276 G/T SNP is likely to

predispose to RVO in older subjects.

Keywords AGTR1 � Adiponectin � GpIa/IIa �
MMP2 � RVO � VKORC1
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Introduction

Retinal vein occlusion (RVO) is the second most

common type of retinal vascular disorder, after

diabetic retinopathy. RVO is also one of the most

common causes of sudden unilateral vision loss

because of retinal ischemia and macular edema [1].

It has been shown that its prevalence varies from 0.7 to

1.6% [2]. It is usually unilateral and affects principally

patients older than 50 years old (y/o). Depending on

the location of the obstruction, RVO can be divided

into branch retinal vein occlusion (BRVO) and central

retinal vein occlusion (CRVO). The obstruction in

BRVO is located in one of the branches of retinal vein,

typically at arteriovenous crossings, whereas in

CRVO, it is located in the retinal vein in close

proximity to the optic nerve at or behind the lamina

cribrosa, and it affects most of the retina [3, 4].

The etiology of RVO is multifactorial, and it

includes hemostasis, endothelial damage and throm-

bophilia [5]. Many systemic and ophthalmic disorders

that cause hypercoagulability and increase the prob-

ability of a thrombotic event may play a role. Risk

factors for RVO include diabetes, hypertension,

hyperlipidemia, aging, cardiovascular disease, open-

angle glaucoma, coagulation disorders, thromboem-

bolic events, diuretic drugs, contraceptives and trauma

[2]. Although the precise pathogenetic mechanism

remains unclear, it may be attributable to compression

of the vein at the arteriovenous crossings, degenerative

changes of the venous wall, abnormal hematological

factors [5] or genetic factors (gene polymorphisms,

polygenic disorders, interaction between different

gene mutations) [6].

In RVO studies, the probable pathogenic role of the

common causes of thrombophilia is controversial [6].

Gene polymorphisms that increase the risk of having a

thrombotic event, by affecting proteins involved in the

coagulation cascade, are believable candidates as risks

factors for RVO [7]. Moreover, given that atheroscle-

rosis seems to be an important contributor to the

prevalence of RVO [8], polymorphisms of genes

related to atherosclerosis, hypertension and arterial

stiffness, such as AGTR1 (Angiotensin II type I

receptor) and adiponectin, might be predisposing risk

factors for RVO as well [9]. Previous studies, how-

ever, either obtained conflicting results or they were

limited regarding the role of coagulation and arte-

riosclerosis-related gene variants ofGpIa/IIa (Platelet

glycoprotein Ia/IIa),VKORC1 (Vitamin K epoxide

reductase complex subunit 1), MMP2 (Matrix metal-

loproteinase-2), AGTR1 and adiponectin in RVO

[9–15]. Moreover, no polymorphism of these genes

has been investigated in the Greek population con-

cerning a potential association with RVO.

In light of the above, the aim of the current study

was to estimate the existing genetic predisposition in

RVO and particularly to investigate possible associ-

ations of single-nucleotide polymorphisms (SNPs)

from five genes relevant to coagulation and arte-

riosclerosis including AGTR1A1166C, adiponectin ?

276G/T, VKORC1 G-1639A, GpIa/IIa C807T/

G873A and MMP2-1306C/T polymorphisms, with

CRVO and BRVO in a Greek population.

Materials and methods

Study population

A total of 69 patients with RVO, who were presented

to the Eye Clinic of the University General Hospital of

Ioannina, and 82 age-matched controls consisted the

study population. The study was approved by the

hospital ethics committee, and written informed

consent was obtained from each patient. The study

was accomplished in accordance with the Declaration

of Helsinki. There were 45 CRVO patients and 24

BRVO patients. Each subject underwent baseline eye

examination, using indirect ophthalmoscopy exami-

nation and fundus examination by a slit lamp after

pupil dilation. Color fundus photography and fundus

fluorescein angiography were taken using a fundus

camera (Topcon).

The presence of CRVO was determined based on

widespread superficial or deep retinal hemorrhages,

with or without optic disk hyperemia or edema,

venous dilation and tortuosity, retinal and macular

edema or occluded veins. BRVO was described by

retinal hemorrhages within the retinal sector corre-

sponding to the sector of the occluded venule and by

scattered superficial and deep retinal hemorrhages

venous dilation and tortuosity, intraretinal microvas-

cular abnormalities and occluded and sheathed retinal

venules. Ocular trauma, uveitis, cancer and abnormal

liver or renal function were exclusive criteria for this

study. Subjects were not eligible as controls, if there

was a history of retinal vascular occlusion, deep vein
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thrombosis, pulmonary embolism, myocardial infarc-

tion and stroke. All subjects were screened for age,

gender, hypertension, hyperlipidemia, history of

stroke, glaucoma, diabetes mellitus (DM), anticoagu-

lants medication and current smoking status. All

participants were evaluated for obstructive sleep

apnea (OSA) indirectly by answering a simple ques-

tionnaire (Epworth Sleepiness Scale-ESS), which

measures subjective daytime sleepiness [16]. Subjects

were asked to rate how likely they were to fall asleep

in different situations. Every question was answered

on a scale of 0 to 3. ESS values range from zero

(unlikely to fall asleep in any situation) to 24 (high

chance of falling sleep in all eight situations). Based

on the ESS final score, participants were divided into

the ones with score\ 11 (low risk of sleepiness) and

the ones with scoreC 11 (high risk of sleepiness) [17].

Genotyping

Blood specimens were taken into EDTA-containing

tubes and stored at - 20 �C until further analysis.

DNA was extracted from peripheral blood using

QIAamp DNA Blood mini kit (Qiagen) as per

manufacturer’s instructions.

The genotype AGTR1 A1166C (rs5186) was deter-

mined by performing PCR-RFLP using sequence-

specific primers as previously described [18]. The

primers used were F: 50-GCACCATGTTTT-
GAGGTTG-30 and R: 50-CGACTACTGCTTAG-
CATA-30. The resulting PCR product was subject to

restriction digestion using 0.5 U of DdeI enzyme

(NEB) at 37 �C overnight. The digested product was

run on 2% agarose gel and visualized using ethidium

bromide. The presence of the polymorphism resulted

in 412 bp, 118 bp and 10 bp bands; however, its

absence was indicated by the presence of only a

530 bp band.

The adiponectin ? 276 G/T (rs1501299) polymor-

phismwas also determined by performing PCR-RFLP.

The primers used were F: 50-GTCTAGGCCTTAGT-
TAATAATGAAGG-30 and R: 50-GTGAGAAAGGA-
GATCCAGGTAA-30 as previously described [19].

The resulting PCR product was subject to restriction

digestion using 0.5 U of StuI enzyme (NEB) at 37 �C
overnight. The digested product was run on 2%

agarose gel and visualized using ethidium bromide.

The presence of the T allele resulted in a 106 bp band;

however, the presence of the G allele was indicated by

the presence of 80 bp and 26 bp bands.

The genotyping for MMP2-1306 C/T (rs243865)

was performed via PCR-RFLP-based methods as it

was described previously [20]. The sequences of the

primers were as it follows: F: 50-CTTCCTAGG
CTGGTCCTTACTGA-30; R: 50-CTGAGACCT
GAAGAG CTAAAGAGCT-30. The restriction reac-

tion of each PCR product was carried out with 5 U

XspI (Fermentas). The digestion resulted in two

fragments with a length of 188 bp and 5 bp for allele

C and in three fragments with a length of 162 bp,

26 bp and 5 bp for allele T.

The GpIa/IIa PCR was performed according to the

method of Dodson et al [14]. Briefly, a two-stage

multiplex PCR was performed, the first using primer

sequences intron G, exon 8, 807C and 807T, and the

second using intron G, exon 8, 873A and 873G. Intron

GF: 50-GATTTAACTTCCCAGCTGCCTTC-30, Exon
8 f: 50-CTCAGTATATTGTCATGGTTGCATTG-30,
807 CF: 50-GTGGGGACCTCACAAACACATGC-30,
807 TF: 50-ATGGTGGGGACCTCAACAAACACA-
TAT-30., 873 GF: 50-GGTGGGCGACGAAGTGC-
TAGG-30 and 873 AF: 50-GGTGGGCGACGAAGT
GCTAGA-30. Electrophoresis was carried out on a 2%

agarose gel and stained with ethidium bromide.

VKORC1 promoter G-1639A (rs9923231) poly-

morphism genotyping was performed using PCR-

RFLP. The sequence of nucleotides in specific primers

for VKORC1 promoter G-1639A SNP was as follows:

F: 50-GCCAGCAGGAGAGGGAAATA-30 and R: 50-
AGTTTGGACTACAGGTGCCT-30. [21]. For restric-
tion analysis, the amplification products were incu-

bated at 37 �C for overnight with 5 U MspI (HpaII)

(Thermo Fisher Scientific, USA). In the case of G at

position-1639 of the ter amplified fragment, which

consisted of 290, bps was cut into two fragments of

168 and 122 bps. G to A substitution resulted in the

loss of the restriction site, and fragment of the

promoter (290 bps) could not be cleaved.

Statistical analysis

Data were analyzed using SPSS 22.0 (SPSS, Inc).

Continuous data were expressed as mean ± SD.

Normality tests were carried out for age distribution,

and the Mann–Whitney test was applied for median

comparison between control subjects and patients with

RVO. Categorical data were presented as counts and
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percentages. The Chi-squared test or the Fisher exact

test was also used to compare the distribution of

AGTR1 A1166C, adiponectin ? 276 G/T, MMP2-

1306C/T, GpIa/IIa C807T/G873A, VKORCI

G-1639A polymorphisms between patients with

BRVO or CRVO and control subjects. Odds ratios

(OR) and 95% confidence intervals (CIs) were calcu-

lated with the corresponding Chi-squared or Fisher

exact distribution test, whenever there was statistical

significance. Significant probability values were also

corrected for multiple testing (Bonferroni correction;

Pc). The Hardy–Weinberg equilibrium regarding the

distribution of the genotypes in the control group was

evaluated using the Chi-squared test. In order to

determine (CC and AC vs. AA) genotype of AGTR1

A1166C, (CT/GA ? TT/AA vs. CC/GG) genotype of

Gpla/lla C807T/G873A, DM and anticoagulants med-

ication association with CRVO, a multivariate logistic

regression model was applied. It was also imple-

mented to determine (CC and AC vs. AA) genotype of

AGTR1 A1166C, (CT/GA ? TT/AA vs. CC/GG)

genotype of Gpla/lla C807T/G873A, (GT and TT vs.

GG) genotype of adiponectin ? 276 G/T and antico-

agulation medication association with RVO in sub-

jects C 75 y/o. The P values obtained were two-tailed

and determined to be significant at P\0.05.

Results

The clinical characteristics of the study subjects are

presented in Table 1. No statistical difference was

found between groups in age or sex. The frequencies

of DM and anticoagulants medication were higher in

the CRVO group than in the control group. There were

no significant differences between the BRVO or

CRVO patients and the control group regarding

hypertension, hyperlipidemia, history of stroke, smok-

ing status, or daytime sleepiness. There were statisti-

cally significant more glaucomatous patients among

the BRVO patients compared to controls, while there

was no statistically significant difference regarding

glaucoma between CRVO and control groups.

The distribution of the genotype and allele fre-

quency of AGTR1 A1166C,adiponectin ? 276 G/T,

MMP2-1306C/T, Gpla/lla C807T/G873A, VKORC1

G-1639A polymorphisms in the BRVO or CRVO

patients and controls are presented in Table 2. The

observed and expected frequencies of the polymor-

phism in control groups were within the Hardy–

Weinberg equilibrium.

The frequencies of the AA, AC and CC genotypes

of AGTR1 A1166C in the CRVO patients were 40,

35.5 and 24.4%, whereas in the controls they were 73,

25.6 and 1%. The A and C allele frequencies were

57.8% and 42.2% in the CRVO group and 86% and

14% in the control group, respectively. The AGTR1

A1166C C allele carriers had a significantly increased

risk of CRVO compared to the A allele carriers

(P = 0.00001, OR 4.48; 95% CI 2.44–8.23). The

frequencies of the CC/GG, CT/GA and TT/AA

genotypes of Gp la/lla C807T/G873A were 6.6, 84.4

and 8.8% in the CRVO patients, 16.6, 79.1 and 4.1% in

the BRVO patients, whereas in the controls they were

41.4, 47.5 and 10.9%. The C/G and T/A allele

frequencies were 48.9% and 51.1% in the CRVO

group and 65.3% and 34.7% in the control group,

respectively. The Gp la/lla C807T/G873A T/A allele

Table 1 Clinical

characteristics of the

patients with RVOs and

control volunteers

*Statistical significance

comparing BRVO to

control subjects
�Statistical significance

comparing CRVO to

control subjects

Data are expressed as

mean ± SD or number of

subjects (percentage)

Control (82) BRVO (24) * CRVO (45) �

Age (year) 71.3±13.3 71.9±8.9 0.861 71.5±9.5 0.819

Sex:F/M 33/49 11/13 0.625 20/25 0.646

Hypertension 71(86.6) 19 (79.2) 0.352 44 (97.8) 0.055

Hyperlipidemia 68 (82.9) 18 (75) 0.365 43 (95.5) 0.057

Diabetes mellitus 2 (2.4) 4 (16.7) 0.007 11 (24.4) 0.00001

Stroke 1 (1.1) 0 (0) 1.0 4 (8.9) 0.053

Glaucoma 2 (2.2) 5 (20.8) 0.0046 5 (11.1) 0.053

Anticoagulant medication 1 (1.1) 7 (29.2) 0.0001 13 (28.9) 0.0001

Smoking 3 (3.4) 3 (12.5) 0.109 5 (11.1) 0.599

Sleepiness (ESS) 9.27±1.45 9.42±2.2 0.695 9.38±1.40 0.952

ESS C 11 13 (15.85) 6 (25) 0.351 9 (20) 0.555
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Table 2 Genotypic and allelic distribution of the five gene polymorphisms between controls and RVO patients

Control subjects (n = 82) RVO patients (n = 69) BRVO patients (n = 24) CRVO patients (n = 45)

AGTR1 A1166C

AA 60 (73) 33 (47.8) 15 (62.5) 18 (40)

AC 21 (25.6) 24 (34.8) 8 (33) 16 (35.5)

CC 1 (1.2) 12 (17.4) 1 (4) 11 (24.4)

P(Pc) 0.000282 (0.000846) 0.321 0.000011 (0.000033)

A 141 (86) 90 (65.2) 38 (79.2) 52 (57.8)

C 23 (14) 48 (34.8) 10 (28.2) 38 (42.2)

P 0.000023 0.2624 0.00001

OR (95% CI) 3.27 (1.86–5.74) 4.48 (2.44–8.23)

VKORC1 G-1639A

AA 11 (13.4) 6 (8.7) 3 (12.5) 3 (6.6)

GA 38 (46.3) 33 (47.8) 12 (0.5) 21 (46.6)

GG 33 (40.2) 30 (43.5) 9 (37.5) 21 (46.6)

P 0.653 0.522 0.948

A 60 (36.6) 45 (32.6) 18 (37.5) 27 (30)

G 104 (63.4) 93 (67.4) 30 (62.5) 63 (70)

P 0.470 0.908 0.290

Adiponectin ? 276 G/T

GG 41 (50) 29 (42) 9 (37.5) 20 (44.4)

GT 32 (39) 33 (47.8) 14 (58.3) 19 (42.2)

TT 9 (10.9) 7 (10.2) 1 (4.1) 6 (13.3)

P 0.545 0.214 0.839

G 114 (69.5) 91 (65.9) 32 (66.7) 59 (65.6)

T 50 (30.5) 47 (34.1) 16 (33.3) 31 (34.4)

P 0.508 0.708 0.517

MMP2-1306C/T

CC 40 (48.7) 33 (47.8) 10 (41) 23 (51.1)

CT 35 (42.6) 34 (49.3) 13 (54.1) 21 (46.6)

TT 7 (8.5) 2 (2.9) 1 (4.1) 1 (2.2)

P 0.307 0.629 0.444

C 115 (70.1) 100 (72.4) 33 (68.7) 67 (75.3)

T 49 (29.9) 38 (27.6) 15 (31.3) 23 (24.7)

P 0.654 0.855 0.465

Gpla/lla C807T/G873A

CC/GG 34 (41.4) 7 (10.1) 4 (16.6) 3 (6.6)

CT/GA 39 (47.5) 57 (82.6) 19 (79.1) 38 (84.4)

TT/AA 9 (10.9) 5 (7.3) 1 (4.1) 4 (8.8)

P(Pc) 0.000023 (0.000069) 0.024 (0.072) 0.00001 (0.00003)

C/G 214 (65.3) 142 (51.4) 54 (58.1) 88 (48.9)

T/A 114 (34.7) 134 (48.6) 39 (41.9) 92 (51.1)

P 0.0006 0.2048 0.0004

OR (95% CI) 1.77 (1.28–2.46) 1.96 (1.35–2.84)

Data are expressed as number of subjects (percentage)

P values as compared with control subjects

Odds ratio values as compared to control subjects in allele distributions

OR odds ratio, Pc P after Bonferroni correction, CI confidence interval
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carriers had a significantly increased risk of CRVO,

when compared to the C/G allele carriers (P = 0.0004,

OR 1.96; 95%CI 1.35–2.84). No significant difference

was found between the adiponectin ? 276 G/T,

MMP2-1306C/T, VKORC1 G-1639A genotype distri-

butions, and allele frequencies in the BRVO, CRVO

patients and the control group.

A multivariate logistic regression analysis was also

performed using CRVO as the independent variable,

and the results are presented in Table 3. After

adjusting for DM and anticoagulants medication,

AGTR1 A1166C C allele carriers (AC ? CC), com-

pared to the AA homozygotes, had a significantly

increased risk of CRVO (B = 1.14; P = 0.016; OR

3.13; 95% CI 1.24–7.89). In addition, Gp la/lla

C807T/G873A T/A allele carriers (CT/GA ? TT/

AA) compared to CC/GG had a significantly increased

risk of CRVO (B = 2.47; P = 0.001; OR 11.88; 95%

CI 2.71–52.05).

In order to analyze further the association of age

with the incidence of RVO (CRVO and BRVO), as

well as with the five studied gene polymorphisms, we

transformed continuous data to categorical by strati-

fying both control subjects and RVO patients accord-

ing to their age. Specifically, because the median

regarding age was 74 y/o (range 43–87) for RVO

group and 75 y/o (range 36–89) for the control group,

we chose to separate RVO and control subjects into

two age subgroups (\ 75,C 75 y/o). In that way, each

of the subgroups included similar number of subjects.

The main clinical characteristics of the study subjects

segregated by age are shown in Table 4. The fre-

quency of DM and the frequency of anticoagulant

medication were statistically significant higher in

RVO patients compared to control subjects in the

younger age group (\ 75 y/o) and in the older age

group (C 75 y/o), respectively.

The distribution of the genotype and allele fre-

quency of AGTR1A1166C,MMP2-1306C/T,Gpla/lla

C807T/G873A, VKORC1G-1639A polymorphisms in

the RVO and control subjects segregated by age are

shown in Table 5. Specifically, the frequency of

AGTR1 A1166C (AC ? CC) and Gp la/lla C807T

(CT/GA ? TT/AA) genotypes were 52.8% and

88.9% in patients with RVO compared to controls

(26.3% and 63.2%) in the younger subgroup

(P = 0.020 and P = 0.010, respectively). Similarly,

in the older subgroup the frequency of AGTR1

A1166C (AC ? CC) and Gpla/lla C807T (CT/GA ?

TT/AA) genotypes were 51.5% and 90.9% in patients

with RVO compared to controls (27.3% and 54.5%)

(P = 0.030 and P = 0.001, respectively). Adiponec-

tin ? 276 G/T polymorphism, however, was found to

be associated with the incidence of RVO only in the

older age group (C 75y/o). In particular, the frequency

of adiponectin ? 276 G/T (GT ? TT) genotypes was

69.7% in RVO subjects compared to 43.2% in control

subjects (P = 0.021). Moreover, T allele carriers had a

significantly increased risk of RVO compared to the G

allele carriers (P = 0.0003, OR 3.25; 95% CI

1.68–6.30) in the older subgroup. Analysis of the

MMP2-1306C/T and VKORC1 G-1639A polymor-

phisms revealed no association with the occurrence of

RVO in both age subgroups. A multivariate logistic

regression analysis (Table 6) was also conducted in

the older subgroup, using RVO as the independent

variable. After adjusting to anticoagulant medication,

Gpla/lla C807T/G873A T/A allele carriers (AA/

TT ? GA/CT) compared to GG/CC had a signifi-

cantly increased risk of RVO (B = 2.65; P = 0.003;

OR 14.10; 95% CI 2.54–78.39). Adiponectin ? 276

G/T T allele carriers (GT ? TT) compared to GG had

also a significantly increased risk of RVO (B = 2.07;

P = 0.004; OR 7.96; 95% CI 1.94–32.66).

Table 3 Multivariate logistic regression analysis between CRVO patients and control subjects

Variable B P Odds ratio 95% CI

Lower Upper

AGTR1 A1166C (CC ? AC vs. AA) 1.14 0.016 3.13 1.24 7.89

Gp la/lla C807T/G873A (CT/GA?TT/AA vs. CC/GG) 2.47 0.001 11.88 2.71 52.05

Diabetes mellitus 2.31 0.027 10.04 1.30 77.93

Anticoagulant medication 2.76 0.004 15.77 2.44 102.05

CI confidence interval
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Multivariate logistic regression analysis regarding

the younger subgroup, using RVO as the independent

variable, revealed that Gpla/lla C807T/G873A T/A

allele carriers, as well as AGTR1 A1166C C allele

carriers, are at increased risk of RVO (Table 1 in

Online Resource 1).

Discussion

In the current study, we investigated whether AGTR1

A1166C, adiponectin ? 276 G/T, MMP2-1306C/T,

Gpla/lla C807T/G873A and VKORC1 G-1639A poly-

morphisms were risk factors for CRVO and BRVO in

a Greek population.

We found that AGTR1 A1166C and Gpla/lla

C807T/G873A polymorphisms were associated with

the incidence of CRVO. Specifically, AGTR1A1166C

allele carriers (AC ? CC), compared to the AA

homozygotes and Gpla/lla C807T/G873A T/A carri-

ers (CT/GA ? TT/AA) compared to CC/GG homozy-

gotes, had a significantly increased risk of CRVO.

Moreover, adiponectin ? 276 G/T polymorphism

was found to be associated with the incidence of

RVO, but only in the older subgroup (C 75 y/o). In

particular, adiponectin ? 276 G/T T allele carriers

compared to G allele carriers had a significantly

increased risk of RVO, if they were C 75 y/o.

Analysis of the MMP2-1306C/T and VKORC1

G-1639A polymorphisms revealed no association

with the occurrence of RVO.

Retinal veins and arteries share the same adventitial

sheath within the lamina cribrosa. Therefore, arterial

stiffness affects neighboring vein, and a combination

of compression of the vein, hemodynamic changes,

degenerative changes within the venous walls and

hypercoagulability may be causative for RVO, accord-

ing to Virchow’s triad [22]. In this context, blood

disorders that affect clotting and arteriosclerosis are

considered the leading etiologic factors for the RVOs

[5].

When a vascular injury takes place, platelets adhere

to the basement membrane or other connective tissue

components, which are located underneath endothelial

cells, and these platelet–collagen interactions are

believed to be the most thrombogenic constituents of

the vessel walls [23]. Glycoprotein Ia/IIa is a platelet

surface glycoprotein and a receptor for collagen type I

and IV. Gp la/lla C807T polymorphism has been

shown to increase the density of the receptor in the

platelets and thereby enhance its interaction with

collagen and the subsequent stabilization of the

Table 4 Clinical characteristics of the controls and patients with RVO segregated by age

\ 75 y/o C 75 y/o

Control subjects

(n = 38)

RVO patients

(n = 36)

* Control subjects

(n = 44)

RVO patients

(n = 33)

�

Sex:F/M 13/25 14/22 0.676 20/24 16/17 0.792

Hypertension 27 (71) 30 (83.3) 0.209 44 (100) 33 (100) 1.0

Hyperlipidemia 27 (71) 30 (83.3) 0.209 42 (95.4) 31 (93.9) 1.0

Diabetes mellitus 0 (0) 9 (25) 0.001 2 (4.5) 6 (18.2) 0.068

Stroke 0 (0) 2 (5.6) 0.233 1 (2.3) 2 (6.1) 0.573

Glaucoma 1 (2.6) 2 (5.6) 0.610 1 (2.3) 3 (9.1) 0.308

Anticoagulant

medication

1 (2.6) 6 (16.7) 0.053 1 (2.3) 14 (42.4) 0.0001

Smoking 4 (10.5) 3 (8.3) 1.0 5 (11.4) 5 (15.2) 0.737

Sleepiness (ESS) 8.95 ± 1.23 8.86 ± 1.46 0.73 9.55 ± 1.58 9.97 ± 1.63 0.44

ESS C 11 4 (10.52) 6 (16,67) 0.44 9 (20.45) 9 (27) 0.48

*Statistical significance comparing RVO to control subjects (\ 75 y/o)
�Statistical significance comparing RVO to control subjects (C 75 y/o)

Data are expressed as mean ± SD or number of subjects (percentage)
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platelets [24, 25]. GpIa/IIa C807T polymorphism has

been studied previously as a potential risk factor for

RVO [12–14]; however, these studies came up with

conflicting conclusions. We found that Gp la/lla

C807T/G873A T/A carriers are on increased risk of

CRVO and this finding aligns with the results reported

by Dodson et al [14]. Two other studies did not

confirm the association of this polymorphism with

Table 5 Genotypic distribution and allele frequency of five different genetic polymorphisms between RVO patients and control

subjects segregated by age

\ 75 y/o C 75 y/o

Control

subjects

(n = 38)

RVO patients

(n = 36)

* OR (95%

CI)

Control

subjects

(n = 44)

RVO patients

(n = 33)

� OR (95%

CI)

AGTR1 A1166C

AC ? CC:

AA

10 (26.3): 28

(73.7)

19 (52.8): 17

(47.2)

0.020 3.13

1.18–8.30

12 (27.3): 32

(72.7)

17 (51.5): 16

(48.5)

0.030 2.83

1.09–7.34

A 65 (85.5) 46 (63.9) 0.004 0.30

0.13–0.67

76 (86.4) 44 (66.7) 0.0055 0.32

0.14–0.70

C 11 (14.5) 26 (36.1) 3.34

1.50–7.43

12 (13.6) 22 (33.3) 3.17

1.43–7.02

VKORCI G-1639A

AA ? GA:

GG

19 (50)

19 (50)

21 (58.3)

15 (41.7)

0.472 30 (68.2):

14 (31.8)

18 (54.5):

15 (45.6)

0.222

A 22 (28.9) 25 (34.7) 0.451 38 (43.2) 20 (30.3) 0.103

G 54 (71.1) 47 (65.3) 50 (56.8) 46 (69.7)

Adiponectin ? 276 G/T

GT ? TT:

GG

22 (57.9):

16 (42.1)

17 (47.2):

19 (52.8)

0.358 19 (43.2):

25 (56.8)

23 (69.7):

10 (30.3)

0.021 3.03

1.17–7.84

G 48 (68.6) 55 (76.4) 0.349 66 (75) 36 (48) 0.0003 0.31

0.16–0.60

T 22 (31.4) 17 (23.6) 22 (25) 39 (52) 3.25

1.68–6.30

MMP2 1306C/T

CC versus

CT ? TT

19 (50)

19 (50)

16 (44.4)

20 (55.6)

0.632 21 (47.7)

23 (52.3)

17 (51.5)

16 (48.5)

0.742

C 53 (69.7) 50 (69.4) 0.969 62 (70.4) 50 (75.8) 0.465

T 23 (30.3) 22 (30.6) 26 (29.6) 16 (24.2)

Gp la/lla C807T/G873A

CT/GA ? TT/

AA:CC/GG

24 (63.2):

14 (36.8)

32 (88.9):

4 (11.1)

0.010 4.67

1.36–15.98

24 (54.5):

20 (45.5)

30 (90.9):

3 (9.1)

0.001 8.33

2.21–31.41

C/G 50 (65.8) 37 (51.4) 0.075 57 (64.8) 34 (51.5) 0.097

T/A 26 (34.2) 35 (48.6) 31 (35.2) 32 (48.5)

Data are expressed as number of subjects (percentage)

*Statistical significance comparing RVO to control subjects (\ 75 y/o)
�Statistical significance comparing RVO to control subjects (C 75 y/o)

Odds ratio values as compared to control subjects

CI confidence interval
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RVO [12, 13], but they included only patients with

BRVO, whereas we did not observe statistically

significant association as well.

Angiotensin II (AngII), an acute vasoconstrictor,

stimulates mainly AGT1R and regulates systemic

blood pressure and vascular tone. The activation of

AGT1R induces also endothelial dysfunction, aug-

ments vascular inflammation, and it is implicated in

the atherogenic process [26, 27]. The A1166C poly-

morphism was identified in the non-translated region,

and it has been associated with obesity, hypertension,

left ventricular mass, arterial stiffness and atheroscle-

rosis [28–31]. In particular, it has been reported that

the AGT1R A1166C CC and AC genotypes are

associated with a susceptibility to hypertension [32],

while it was recently documented that C allele carriers

are at an increased risk of pronounced arterial

stiffening during aging, especially after the age of

55 years [33]. It is noteworthy that the incidence of

RVO also increases after the age of 50 years. We

recognized a significant association between AGTR1

A1166C and CRVO but not BRVO. Demir et al [9]

demonstrated an association between AGTR1 A1166C

SNP and BRVO but not CRVO. Ethnicity differences

and the small number of BRVO patients, as well as the

higher number of hypertensive subjects in our studied

groups compared to Demir et al, [9], could account for

the disparity of the results.

Adiponectin is considered to exert several effects

on vascular structure and function, including decrease

in endothelial thickening [34] induction of arterial

vasodilation [35] and inhibition of the expression of

adhesion molecules [36–38]. The serum adiponectin

concentration has a strong genetic component, with

heritability estimated at 88% [39]. However, associ-

ations between adiponectin gene locus variants and

adiponectin concentration in population studies have

not always been confirmed, probably due to co-

regulation by nutrition, hormones, inflammatory sta-

tus, medication or technical issues [39]. Low circu-

lating adiponectin level has been associated with an

increased risk of arterial stiffness progression [40],

supporting the concept that plasma adiponectin is a

vascular protective hormone. On the contrary, higher

plasma adiponectin concentration in populations with

increased risk of cardiovascular events was associated

with increased incidence of cardiac events [41], and

moreover, adiponectin has been inversely associated

with retinal arteriolar caliber measured by retinogra-

phy in elderly hypertensive participants, suggesting

that plasma adiponectin may be a marker of vascular

disease or dysfunction in high-risk populations [42].

Regarding the adiponectin ? 276 G/T polymorphism,

adiponectin concentration has been shown to progres-

sively increase from GG homozygotes to heterozy-

gotes and TT homozygotes, but the statistical

significance of this association has been reported to

be marginal [39]. In our study, we did not identify an

association between adiponectin ? 276 G/T poly-

morphism and the incidence of RVO in the overall age

group. Stratification by age, however, allowed the

detection of a statistically significant association in the

higher risk group consisting of older, hypertensive

participants. Since T allele is associated with

increased plasma adiponectin and there is an increased

association between adiponectin and retinal vascular

changes with age [41, 42], its presence could con-

tribute to a higher prevalence of RVO only in the

older, high-risk subjects of our studied group. These

findings could support the suggestion that age modifies

the association between plasma adiponectin and

arteriole caliber [42], and furthermore, that this

association could predispose to RVO. We did not,

however, measure the plasma adiponectin or retinal

vessel caliber in our studied subjects to confirm this

suggestion and this is a limitation of our report.

Table 6 Multivariate logistic regression analysis between patients with RVO and control subjects C 75 y/o

Variable B P Odds ratio 95% CI

Lower Upper

AGTR1 A1166C (CC ? AC vs. AA) 1.17 0.086 3.21 0.85 12.17

Gp la/lla C807T/G873A (CT/GA ? TT/AA vs. CC/GG) 2.65 0.003 14.10 2.54 78.39

Adiponectin ? 276 G/T (GT ? TT vs. GG) 2.07 0.004 7.96 1.94 32.66

Anticoagulant medication 4.56 0.001 95.69 6.02 1520.64

CI confidence interval

123

Int Ophthalmol (2019) 39:2637–2648 2645



MMP2 has been shown to be implicated in athero-

genesis [43] and platelet function [44] both important

in the pathophysiology of RVO. One previous study

has associated MMP2-1306C/T polymorphism with

the risk of RVO [11]. We did not reveal an association.

However, MMP2-1306C/T polymorphism shows sig-

nificant differences between ethnic groups [45, 46],

and in agreement with that, genotype distribution of

MMP2-1306C/T polymorphism in our control group

varied significantly from the one reported in Ortak et al

study [11]. T allele frequency of MMP2 polymor-

phism for instance was lower in Turkish population

(9%) [11], compared to the Greek population

(29.88%).

Our study did not reveal any association between

VKORC1 G-1639A polymorphism and the prevalence

of RVO as well. This finding aligns with the results

reported by Weger et al. [10], but it comes in contrast

to one reported by Ortak et al [15], where an

association between CC and GG genotypes of the

VKORC1 C1173T, G-1639A SNPs and RVO was

found. The frequency of GG genotype, however, was

40.2% in our control group similar to 36.9% reported

inWeger et al study but different from 21% reported in

Ortak et al study [15], emphasizing probably the

differences between ethnicities, which could be

responsible for the conflicting results.

This study has some limitations. Only Greek

subjects were included in our report, and it has been

shown that gene variants vary between populations

due to ethnic differences. We did not identify any

significant associations between the SNPs of MMP2

and VKORC1 and RVO. However, only one polymor-

phism of these genes was evaluated in this study.

Moreover, due to a relatively small number of patients

and controls, our results should be confirmed in larger

cohorts. Specifically, regarding the BRVO group, no

definite conclusions can be drawn from these data.

In conclusion, it seems that AGTR1 A1166C and

Gpla/lla C807T/G873A polymorphisms are likely

predisposing risk factors for CRVO. Moreover, their

role on the prevalence of RVO was identified to be

stronger in patients younger than 75 y/o, indicating

that the genetic susceptibility determined by the

AGTR1 and Gpla/lla background may be more

pronounced, when other risk factors are not as

prevalent as in older subjects. On the other hand,

Adiponectin ? 276 G/T SNP is likely to predispose to

RVO in older subjects; however, further studies are

required with larger sample sizes to verify these

findings.

Ethical approval All procedures performed in studies

involving human participants were in accordance with the eth-

ical standards of the institutional and/or national research

committee and with the 1964 Helsinki Declaration and its later

amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all

individual participants included in the study.
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