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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Purpose: Retinal vascular occlusion (RVO), a common 

reason for vision loss, is divided into central and branch RVO. 
Although age, hypertension, and diabetes are established risk 
factors, genetic variations in hemostasis-related genes like 
Prothrombin G20210A, Factor V Leiden, and MTHFR may 
also contribute. Yet, there is conflicting evidence connecting 
these genetic variations to RVO. The objective of this research 
is to conduct a thorough evaluation and examination of the 
connection between variations in hemostasis genes, such as 
MTHFR C677T and A1298C, and retinal vessel occlusion.

Methods: A comprehensive review and meta-analysis were 
performed adhering to PRISMA standards. Databases (PubMed, 
Google Scholar, Ovid, Wiley) were queried for English-
language studies (2018–2024) using keywords: “retinal vessel 
occlusion,” “hemostasis genes,” “thrombophilia,” “Prothrombin 
G20210A,” “Factor V Leiden,” and “MTHFR polymorphism.” 
This study included ten studies (n=2281 patients) that were 
published from 2019 to 2024. The level of heterogeneity for 
each polymorphism was determined utilizing a random-effects 
model, while quality of assessment was done using Cochrane 
risk of bias tool.

Results: There was no notable link observed between the 
MTHFR C677T polymorphism and RVO (P=0.90, OR=0.77, 
95% CI=0.55–1.18, I2=0%). Equivalent findings were recorded 
for A1298C (P=0.84, OR=0.93, 95% CI=0.48–1.81, I2=27%) 
and MMP2-1306C/T (P=0.10, OR=0.70, 95% CI=0.41–1.20, 
I2=68%). Though there is some evidence linking polymorphisms 
in hemostasis genes like MTHFR C677T, A1298C, and others 
to hypercoagulable conditions, their connection to retinal vessel 
occlusion is still uncertain.

Conclusion: Some individual studies suggested a role for 
MTHFR polymorphisms in RVO, our meta-analysis found no 
significant association between these genetic variants and RVO 
risk.

This underscores the need for further research to clarify 
the interplay of genetic and environmental factors in RVO 
pathogenesis.

Key words. Retinal vein occlusion, hemostasis gene 
polymorphism, hyperhomocysteinemia, thrombophilic 
mutations.
Introduction.
Research Problem:

One of the main causes of vision loss in the globe is 
vascular occlusion in the retina [1]. Retinal artery occlusion 

(RAO) or retinal vein occlusion (RVO) are the two possible 
manifestations of this disorder. The two varieties are further 
divided into central RAO, branch RAO, central RVO (CRVO), 
and branch RVO (BRVO) according to the location of the 
blockage. Thromboembolic events, which impair blood flow 
in the retinal vessels, are the main cause of these disorders. 
According to estimates, between 0.1% and 0.4% of people have 
CRVO, and between 0.6% and 1.2% of people have BRVO. The 
significance of these vascular disorders on eye health worldwide 
is still being highlighted by recent research, which also stress 
the need of early detection and treatment to avoid permanent 
vision loss [2,3]. Modifiable and non-modifiable risk factors [4], 
including age, diabetes, hypertension, and dyslipidemia, have 
an impact on the complex pathophysiology of retinal vascular 
occlusion [5,6]. Because hypercoagulable states increase the 
probability of thrombus formation, they have been shown to be 
important factors to the development of both RAO and RVO in 
various populations. A higher risk of retinal vein occlusion has 
been linked to genetic abnormalities in clotting factors, such as 
mutations in Factor V Leiden and Prothrombin G20210A. In 
particular, people may be at risk for these vascular events if they 
have abnormalities in the genes that control coagulation factors 
like Factor II (Prothrombin) and Factor V as well as natural 
anticoagulants like protein C (PC), antithrombin III (AT-III), 
and protein S (PS) [7,8]. Furthermore, genetic differences in 
coagulation pathways have been connected to aberrant venous 
thromboembolism that occurs in places other than the lower 
limbs [9]. However, research on the importance of both acquired 
(like antiphospholipid antibody syndrome) and inherited (like 
Factor V Leiden mutation and Prothrombin G20210A mutation) 
conditions in the development of retinal vascular occlusions is 
still ongoing, with conflicting findings [10,11].
Research Focus:

Hemostasis is a carefully controlled mechanism that includes 
the coordination of vascular endothelial cells, platelets, and 
coagulation factors [12,13]. Genetic differences in important 
clotting genes can disrupt this equilibrium, resulting in either 
too much bleeding or clot formation [14-16]. Many clotting 
diseases, including deep vein thrombosis, stroke, and even retinal 
vein occlusion (RVO), have been linked to polymorphisms 
including Factor V Leiden (FVL), Prothrombin G20210A, and 
Methylenetetrahydrofolate reductase (MTHFR) C677T. These 
genetic differences may raise the chance of aberrant blood clot 
development, which can lead to vascular issues in the retina and 
other regions of the body [17,18]. In certain instances, these 
mutations might be present alongside other common health 
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issues, leading to a higher likelihood of venous blockages. Despite 
numerous studies and their findings, the mystery surrounding 
the causes of venous occlusion remains unresolved as of now 
[19]. RVO may develop because of hypercoagulation caused 
by certain mutations and polymorphisms in genes that control 
hemostatic balance, such as FV G1691A, FV G4070A, and 
FIIG 20210A, as well as factors related to endothelial function 
and integrity, fibrinolysis, and clot stability. Furthermore, 
hyperhomocysteinemia should be taken into account since 
changes in the genes that encode the enzymes that metabolize 
homocysteine, such as MTHFR C677T and A1298C, might 
result in decreased enzyme activity, which raises the risk of 
RVO [19,20]. One of the factors examined in this research was 
the MTHFR gene variation. A deficiency in MTHFR activity 
can lead to hyperhomocysteinemia and potentially raise the 
chances of developing blood clots in individuals who lack folic 
acid. Two common substitutions, C677T and A1298C, result 
in reduced MTHFR activity, leading to the enzyme becoming 
thermolabile. Studies and meta-analysis have emphasized 
a link between RVO and high levels of homocysteine. It is 
notable that 80.3% of the patients had at least one impacted 
MTHFR allele, suggesting a possible role for MTHFR in the 
development of RVO, even if the study by Giannaki et al. [19] 
reported no significant difference in the frequency of MTHFR 
polymorphisms between RVO patients and controls. Thymine 
(T) is substituted for cytosine (C) at nucleotide 677 in the single 
nucleotide polymorphism (SNP) C677T, which is found in 
the active area of the MTHFR enzyme. The alanine-to-valine 
conversion that follows creates a thermolabile MTHFR protein 
with decreased enzymatic activity. Homocysteine metabolism 
may be hampered by this decreased activity, which might 
exacerbate vascular occlusive diseases like RVO [21-23]. People 
who have the T allele in either homozygous or heterozygous 
form exhibit enzyme activity of the protein at 30% or 65%, 
respectively. This can result in elevated levels of plasma 
homocysteine (hyperhomocysteinemia), especially when folate 
levels in the bloodstream are low [21,24]. It is worth noting 
that elevated levels of homocysteine have been associated with 
vascular diseases [25], including RVO [26]. As an alternative, 
the A1298C polymorphism substitutes cytosine (C) for adenine 
(A), which causes glutamate to be replaced with alanine in the 
MTHFR enzyme's C-terminal regulatory domain. Although it 
has a less noticeable effect than the C677T mutation, this single 
nucleotide polymorphism (SNP) is likewise linked to decreased 
MTHFR function [27]. According to the research, the T allele 
in SNP C677T and the C allele in SNP A1298C are regarded as 
“risk variants” since they may contribute to vascular disorders 
such RVO and lower MTHFR enzyme activity.
Hypotheses:

Genetic polymorphisms in key clotting genes, such as Factor 
V Leiden, Prothrombin G20210A, and MTHFR (C677T and 
A1298C), are associated with an increased risk of retinal 
vascular occlusion (RVO) by contributing to hypercoagulability 
and elevated homocysteine levels, which impair normal blood 
flow in the retinal vessels.
Research Aim:

Despite the increasing amount of research on how hemostatic 
gene polymorphisms influence thrombotic diseases, there is 

still no agreement on the relationship between these genetic 
variations and retinal vessel occlusion. This review seeks to 
methodically evaluate the existing literature on the link between 
variations in clotting genes and RVO, offering a thorough 
analysis of the current proof and identifying gaps for future 
studies. 
Research Questions:

1.	 What is the prevalence of key genetic polymorphisms 
(Factor V Leiden, Prothrombin G20210A, MTHFR C677T, 
A1298C) among individuals with retinal vascular occlusion 
(RVO), and how do these contribute to hypercoagulability and 
thromboembolic events?

2.	 Is there a significant association between MTHFR 
polymorphisms, elevated homocysteine levels, and an increased 
risk of retinal vein occlusion (RVO)?

3.	 How do genetic clotting risk factors (e.g., Factor V 
Leiden, Prothrombin G20210A) interact with modifiable risk 
factors (e.g., age, diabetes, hypertension) in influencing the 
development and prognosis of RVO?.
Methods.
Search Strategy:

An extensive search was conducted in various online literature 
databases such as PubMed, Google Scholar, Ovid, and Wiley, 
to find English-language full-text publications released from 
2018 to 2024. Cochrane formulated the research question in 
accordance with the standards set by the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA). 
A comprehensive search plan was created by merging MeSH 
terms and relevant keywords from the literature. Keywords 
such as “retinal vessel occlusion”, “hemostasis genes”, 
“thrombophilia”, “Prothrombin G20210A”,”Factor V Leiden”, 
and “MTHFR polymorphism” were used in the search criteria. 
A method of cross-referencing was employed to find additional 
related studies by investigating the citations in the mentioned 
articles. This research adhered to the PRISMA guidelines during 
its execution [28]. The scientists made their own decisions on 
whether titles and abstracts should be included. A thorough 
assessment was conducted to investigate the potential for bias 
in the publications that were part of the study.
Inclusion and exclusion criteria:

The criteria for selection involve recent studies in English 
focusing on variations in hemostasis genes related to retinal 
vessel occlusion. The initial step in the research selection 
process is to screen the titles and abstracts before thoroughly 
examining the entire texts. Two separate reviewers will each 
work independently to complete this task. Arguments were 
settled either through discussion or by bringing in a neutral 
third-party evaluator. A PRISMA flow diagram will visually 
depict the process of choosing the studies. Only papers that 
satisfied the specified requirements for inclusion were deemed 
eligible (Table 1).

The writers each reviewed the titles and abstracts to find 
articles that could be suitable for a thorough evaluation of the 
entire content. The entire text examination adhered to a uniform 
process.
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Extraction and analysis of data:
Two independent researchers collected and organized 

publications in accordance with predefined inclusion and 
exclusion criteria. All eligible studies were examined to extract 
relevant information, including author names, publication years, 
countries of origin, study designs, sample sizes, participant 
groups, and reported outcomes. Discrepancies between the 
reviewers during data extraction were resolved by consulting 
the original articles. In cases where consensus could not be 
reached, a third reviewer was involved to adjudicate.

The compiled data were analyzed using Review Manager 
version 5.4, applying a 95 percent confidence level. A random 
effects model was selected to account for expected heterogeneity 
among the included studies. To evaluate the overall effect size, 
forest plots were generated, providing a visual summary of the 
aggregated findings.
Quality Assessment:

The study evaluated the papers' methodological quality by 
using established criteria like the Cochrane risk of bias tool. 
Moreover, funnel plots were utilized to evaluate the presence 
of publication bias.
Ethical Considerations:

Since this evaluation involves collecting existing data, there is 
no need for ethical approval. Nevertheless, we made sure to strictly 
follow ethical guidelines for gathering and presenting data.
Results.

From 341 records identified, 56 duplicates were removed, 
leaving 285 for screening. After excluding 72 based on titles/
abstracts, 213 full-text articles were assessed. Of these, 97 were 
unavailable; the remaining 116 underwent review, with 106 
excluded. Ten studies met inclusion criteria (n = 2,281 patients). 
The studies included in the analysis were those that specifically 
examined the polymorphism of hemostasis genes in cases of 
retinal vessel occlusion (Figure 1). A total of 2281 patients were 
included in the selected studies.

Greece has carried out the highest percentage of selected 
research, totalling 3 studies. Turkey follows with 2 research 
projects. A study was carried out in Austria, India, Portugal, 
Spain, and the USA, as illustrated in Figure 2a. Most of the 
research included in this analysis utilized a single-center cohort 
study design (n=5), with a smaller number using a retrospective 
study (n=2), research report (n=1), prospective study (n=1), and 
Case-control study (n=1), as depicted in Figure 2b. Moreover, 
three studies found MTHFR C677T, while two studies found 
MTHFR A1298C and two studies found MMP2-1306C/T 
(Figure 2c).

Table 2 presents the characteristics of the 10 selected studies. 
The results of the chosen research emphasize the important 
impact of genetic variations in the development of retinal vessel 
occlusion (RVO).

Several research studies highlight the significance of the 
MTHFR gene, specifically the C677T and A1298C variations, 
as a common risk factor in people with RVO, as seen in the 
Spanish populace [29]. Elevated levels of homocysteine in the 
blood, frequently caused by MTHFR genetic variations, are a 
recognized risk element for RVO [30]. Furthermore, although 
certain researches associate mutations in other genes such as 
prothrombin and Factor V Leiden with RVO, a definitive 
connection was not confirmed [31]. Older populations with 
specific genetic variants like MMP2-1306C/T, AGTR1 A1166C, 
and PON1 Q192R are at higher risk due to age and coexisting 
cardiovascular risk factors [32,33]. Variations in multiple 
genes controlling blood clotting, stability, and blood vessel 
function seem to play a role in causing retinal vessel blockages. 
The presence of MTHFR C677T and A1298C mutations 
causes higher levels of homocysteine, raising the likelihood 
of thrombosis and potential development of RVO. Different 
genetic variations such as prothrombin (G20210A), Factor V 
Leiden (G1691A), and PAI-1 5G/4G mutations are linked to 
increased blood clotting tendencies, but their relationship to 
RVO varies in research. Other genetic components, like PON1 
Q192R and MMP2-1306C/T, have been recognized as potential 
risk elements for RVO, mainly in elderly demographics, 
emphasizing the intricate connection of genetic inclination in 
RVO progression (Table 2). Three forest plot studies compared 
C677T between experimental and control groups, revealing 
no significant difference in heterogeneity (P=0.90) with an I2 
value of 0%. The odds ratio (OR) for these studies did not differ 
significantly from control for steroids (OR, 0.77; 95% CI, 0.55 
to 1.18; P=0.23). Two studies found no significant difference 
(P=0.84) between the experimental and control groups when 
comparing 1298C, with a heterogeneity value of 27% among 
the groups. The OR in these studies found a notable contrast 
with the control (OR, 0.93; 95% CI, 0.48 to 1.81; P=0.24), 
suggesting an increased risk of RVO for individuals with this 
mutation. Additionally, two research studies that examined 
MMP2-1306C/T in both experimental and control groups 
found a non-significant discrepancy (P=0.10) with a 68% 
I2 value representing heterogeneity within the groups. The 
studies displayed an insignificant difference in odds ratios 
when compared to the control group (OR, 0.70; 95% CI, 0.41 
to 1.20; P=0.08). The overall impact was also not statistically 
significant (P=0.10) as shown in Figure 3. The heterogeneity 
and overlapping confidence intervals across studies suggest 

Inclusion Exclusion
Original research studies reporting on the outcomes of targeting 
Polymorphism of hemostasis genes in retinal vessel occlusion

Studies not reporting on the outcomes of targeting Polymorphism of 
hemostasis genes in retinal vessel occlusion

Various research designs, such as mixed methods, quantitative, and 
qualitative, have undergone peer review.

Excluding works that have been subjected to peer review, such as reviews, 
blogs, book chapters, website material, and other forms of content.

Original article Reviews
Articles published between 2018 and 2024 Articles published before reported period
Studies in the English language Publications in alternative languages

Table 1. Inclusion and exclusion criteria for papers in a systematic review.
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Author (s) 
(year) Type of Study Country Number of 

patients Groups Findings

Fernández-
Vega, Álvarez 
[29] 

Single-center 
cohort study Spain 359 RVO: 183

Control: 176

The Spanish population with RVO has been shown to have a high 
frequency of the MTHFR T and C variants of the SNPs C677T and 
A1298C, respectively. The relevance of genetic predisposition in 
the formation of vascular occlusions is further highlighted by the 
possibility that these genetic variants, which are known to decrease 
the activity of the MTHFR enzyme, may increase the risk of RVO in 
this group by affecting homocysteine metabolism.

Nalcaci, 
Degirmenci 
[79] 

Single-center 
cohort study Turkey 40 CRVO: 18

BRVO: 22

Two patients had mutations in the Factor V Leiden gene, one patient 
had a mutation in the Prothrombin gene, and two patients additionally 
had mutations in the MTHFR gene. The risk of hypercoagulation and 
thrombus formation is further increased by these coexisting genetic 
abnormalities, which may make afflicted people more susceptible 
to RVO. The complicated interaction of genetic variables in the 
development of vascular occlusions is highlighted by the occurrence 
of several clotting-related mutations.

Vieira, Campos 
[43]

Single-center 
cohort study Portugal 60 CRVO: 35

BRVO: 25

Younger individuals with RVO may benefit from screening MTHFR 
polymorphisms, particularly if they do not exhibit prevalent 
cardiovascular risk factors. Since these individuals may have an 
underlying tendency to hypercoagulability that would otherwise go 
undetected in the absence of conventional risk factors like diabetes or 
hypertension, early detection of these genetic variations may aid in 
determining the risk of RVO. Better risk management and preventive 
techniques could be made possible by this proactive approach.

Cevik and 
Cevik [31]

Retrospective 
study Turkey 63 CRVO: 33

Control: 30

One possible risk factor for CRVO seems to be the MTHFR C677T 
mutation. Mutations in Factor V Leiden (G1691A),  MTHFR 
A1298C, Prothrombin (Factor II G20210A), and PAI-1 5G/4G, 
however, were not shown to be specifically associated with CRVO 
in this investigation. This implies that other prevalent genetic 
variants linked to coagulation and fibrinolysis may not substantially 
contribute to the development of CRVO in this setting, even if the 
C677T variation may play a role.

Ragkousis, 
Kazantzis [33]

Case-control 
study Greece 100 RVO: 50

Control: 50

RVO is probably at risk due to the R allele of the PON1 Q192R 
polymorphism. The paraoxonase 1 (PON1) enzyme, which is 
essential for lipid metabolism and antioxidant defense, may be 
impacted by this genetic variation. The risk of RVO may be raised 
by changes in PON1 function, which may also lead to endothelial 
dysfunction and heightened vulnerability to thrombus formation. The 
degree of this connection and its significance for comprehending the 
genetic mechanisms implicated in RVO need more investigation.

Christodoulou, 
Bagli [32]

Single-center 
cohort study Greece 69 non-iRVO:43

iRVO: 26
A patient's MMP2-1306C/T polymorphism is probably a risk factor 
for iRVO >75 years old.

Christodoulou, 
Bagli [78]

Single-center 
cohort study Greece 151

BRVO: 24
CRVO: 45
Control: 82

The GPLA/LLA C807T/G873A and AGTR1 A1166C 
polymorphisms are probably linked to a higher risk of CRVO. 
Furthermore, elderly people seem to be more susceptible to RVO due 
to the adiponectin +276 G/T single nucleotide polymorphism (SNP). 
certain genetic variants may contribute to the development of certain 
vascular diseases by influencing pathways linked to inflammation and 
vascular function. To clarify the ways in which these polymorphisms 
affect RVO risk and their possible consequences for focused 
preventative measures in at-risk groups, further research is required.

Nema, Verma 
[30]

Prospective 
study India 100 RVO: 50

Control: 50
A significant risk factor for RVO is hyperhomocysteinemia, 
particularly in those with the MTHFR C677T gene variant.

Posch-Pertl, 
List [57] Research report Austria 793 RVO: 496

Control: 297
It seems that rs2071746 polymorphism is not a significant risk factor 
for RVO.

Francis, 
Diamond [67]

Retrospective 
study USA 546 CRVO: 3

Elevated blood homocysteine levels and certain MTHFR gene 
variants were seen in all three individuals with CRVO treated with 
MEK inhibitors. Among these patients, one was homozygous for the 
A1298C variant, another was heterozygous for A1298C, and the third 
was homozygous for the C677T variant. These results underline the 
significance of genetic screening in this patient group by pointing 
to a possible connection between MTHFR polymorphisms, high 
homocysteine levels, and the onset of CRVO in patients receiving 
MEK inhibitor therapy.

Table 2. Characteristics of selected studies.
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Figure 1. PRISMA flow chart diagram.

Figure 2. Distribution of articles based on the (a) country, (b) study design, and (c) Polymorphism of hemostasis genes.
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robust null findings. The Cochrane Risk of Bias Tool, which 
evaluates possible biases related to selection, performance, 
detection, attrition, reporting, and other pertinent aspects, was 
used to assess the quality of the study.

As shown in Figure 4, all the chosen studies showed a low chance 
of bias. This raises the validity of the total study conclusions by 
indicating that the results from these investigations are solid and 
trustworthy.

Discussion.
When a blood clot blocks a retinal vein, it narrows and 

interferes with venous return in the retinal circulation, a 
condition known as RVO. Although the precise etiology of RVO 
is still unknown, it is thought to be caused by a combination 
of three systemic changes known as Virchow's triad: a higher 
propensity for blood clotting, degeneration of vessel walls, 

Figure 3. Forest plot of experimental and control groups.

Figure 4. The summary of bias risk.
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and abnormalities in blood flow (venous stasis) [34]. RVO has 
been linked in studies to thrombotic events resulting from a 
variety of systemic alterations, including those that encourage 
hypercoagulability [35,36]. The lamina cribrosa, a structure of 
connective tissue, supports the central retinal vein and its axons 
as they pass through the sclera as they leave the eye via the optic 
nerve. Newly formed or recanalized blood clots have been seen 
in the vicinity of the lamina cribrosa, a location where the vein 
normally narrows and sees increased blood flow, in postmortem 
examinations of eyes afflicted by CRVO [35]. Where veins and 
arteries meet, especially where a vein passes under an artery, 
BRVO are often seen [37]. Postmortem examinations of BRVO 
instances have shown thrombus development, particularly when 
a retinal vein is compressed by a thickened retinal artery [38]. 
Endothelial cells are strained as a result of turbulent flow caused 
by such vessel constriction or irregularity [39,40]. To improve 
our knowledge of the genetic variables that could be involved in 
RVO, we carried out a thorough analysis of the body of research 
on the connection between changes in blood clotting genes and 
the disorder.

The conversion of homocysteine into methionine, which 
affects plasma homocysteine levels, requires the enzyme 
methylenetetrahydrofolate reductase (MTHFR). Reduced 
enzyme activity results from missense mutations in the 
MTHFR gene, notably C677T and A1298C, which impact the 
catalytic and regulatory domains of the enzyme, respectively. 
The prevalence of the MTHFR TT genotype is around 7.7%, 
whereas the worldwide frequency of the C677T variant is 
over 24.0%. However, because of racial, cultural, and regional 
characteristics, these rates may differ greatly [41]. Not as much 
research has been done on the A1298C allele, whose frequency 
varies greatly across populations. For example, it is lesser in 
other ethnicities, such Indians (3%), and Caucasians (10%), yet 
it varies from 17% in Chinese people to 36% in Canadians and 
Europeans [42]. Vieira, Campos [43] proposed in the present 
comprehensive study that screening for MTHFR polymorphisms 
may be beneficial for younger patients with retinal vein occlusion 
(RVO), especially in the absence of several cardiovascular 
risk factors. This proactive strategy could help identify people 
who are more likely to develop RVO based on their genetic 
profiles. Various genetic variations in the coagulation pathway, 
such as A1298C and MTHFR C677T, PAI-1 4G/5G, factor II 
G20210A, factor V Leiden G1691A, and VKORC1 G1639A, 
have been researched, with mixed findings on their connection 
to RVO [44-48]. In a recent meta-analysis, Romiti et al. [48] 
no significant differences were found in the prevalence of 
prothrombin G20210A, factor V Leiden G1691A, PAI-1 
4G/5G, and MTHFR C677T genetic variants between healthy 
individuals and patients with retinal vascular occlusion. This 
suggests that it would not be helpful to screen for these genetic 
variants in individuals who have retinal vein or retinal artery 
blockage. The genetic variant that has been studied the most for 
its potential role as a risk factor for RVO is MTHFR C677T. 
To produce the vital enzyme MTHFR, which helps regulate 
blood levels of homocysteine, the MTHFR gene is required. 
According to some research, RVO and the MTHFR 677TT 
genotype are related [49-53], but other studies and meta-analyses 

found no association [19,26,48,54-56]. In the current systematic 
review, Nema, Verma [30] stated that hyperhomocysteinemia 
is a significant risk factor for RVO, particularly in individuals 
with the MTHFR C677T gene variation. Furthermore, Posch-
Pertl, List [57] stated that the rs2071746 polymorphism does 
not appear to significantly increase the risk of developing RVO. 
In one of the chosen studies by Fernández-Vega, Álvarez [29], 
there was no discernible difference in the prevalence of MTHFR 
polymorphisms between patients and controls. Similarly, 
MTHFR variants were not shown to be risk factors when 
examining the CRVO and BRVO subgroups independently. 
Nonetheless, a significant number of MTHFR variations are 
found in the Spanish population, which may, in combination 
with other variables, increase the risk of ocular vascular 
occlusions by reducing enzyme activity. Interestingly, at least 
one of these variations is present in 88.07% of our control group 
[21]. Using data from the 1000 Genomes Project, these alleles 
have been examined across a variety of populations from various 
racial and ethnic backgrounds, offering important insights 
into the worldwide distribution of MTHFR polymorphisms. 
The significance of taking genetic variety into account when 
assessing the possible influence of MTHFR variations on the 
incidence of ocular vascular occlusions is highlighted by these 
research [58]. Cevik and Cevik [31] stated that the MTHFR 
C677T mutation was a risk factor for CRVO. PAI-1 5G/4G, 
Factor V Leiden, MTHFR, and prothrombin, mutations were 
not observed to be directly associated with CRVO in this 
investigation. Some researchers have found no statistically 
significant association between Factor V Leiden mutations 
and RVO [52]. Nevertheless, a meta-analysis discovered a 
strong correlation between the Factor V G1691A and CRVO 
polymorphism [59]. An amino acid at position 20210 of the 
3'-untranslated region of the prothrombin protein gene is 
changed from glycine to alanine in Factor II, another thrombotic 
mutation. By raising plasma prothrombin levels and improving 
3'-end formation, which results in increased mRNA and protein 
expression, this modification increases the risk of VT. The 
incidence of VT rises with elevated prothrombin levels [60].

Moreover, a potential case-control research discovered 
that individuals with RVO had a higher chance of having 
hyperhomocysteinemia in comparison to the control group 
[61]. Some contend, however, that this only applies to CRVO 
and not branch RVO [62]. In addition to being atherogenic and 
prothrombotic, homocysteine has been connected to a number 
of vascular events, including peripheral arterial, coronary heart 
disease, cerebrovascular, and venous thromboembolic illness 
[63,64]. Hyperhomocysteinemia has been linked to a number 
of factors, including genetic abnormalities in enzymes involved 
in homocysteine metabolism, smoking, chronic medical 
problems, nutritional inadequacies, and drugs [63,64]. It is 
suggested that taking supplements, especially folate, could help 
treat hyperhomocysteinemia, but it is not clear if it should be 
recommended for prevention.

The primary genetic cause of hyperhomocysteinemia often 
stems from the creation of the thermolabile form of MTHFR, 
which has a prevalence of 5-14% in the population and displays 
decreased enzyme function (C677T) [65]. Another variant 
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known as A1298C has also been associated, though to a lesser 
extent, with increased levels of homocysteine and blood 
clotting issues [66]. These mutations lead to decreased enzyme 
function, causing disruptions in the usual process of converting 
homocysteine to folate via L-methylfolate, ultimately leading to 
hyperhomocysteinemia. In one of the chosen research studies, 
all three patients showed high levels of homocysteine due to 
an MTHFR polymorphism, which could have caused their vein 
occlusion related to the MEK inhibitor. Homocysteine levels 
were assessed in one patient 1 month after the RVO, suggesting 
that the levels might have been even higher around the time 
of the event. It is important to mention that CRVO events 
occurred no earlier than 6 months after starting MEK inhibition, 
indicating a potential gradual impact on homocysteine levels 
[67]. The breakdown of fibrin in blood plasma depends on 
the synthesis of active plasminogen, which is regulated by 
plasminogen activator inhibitor-1 (PAI-1) [68]. The 4G/5G 
polymorphism, a single guanosine nucleotide insertion or 
deletion in the promoter region, 675 base pairs upstream of the 
transcription start point, is the most well-studied genetic variant 
in the PAI-1 gene. The PAI-1 4G/5G mutation has been linked 
to an increased incidence of venous thrombosis (VT), according 
to a recent meta-analysis [69]. To the best of our knowledge, 
this study is the first to examine a possible connection between 
central retinal vein occlusion (CRVO) and PAI-1 genetic 
polymorphism [70]. Although Kuhli-Hattenbach et al. observed 
a favorable link with retinal vein occlusion, they did not define 
the specific type implicated, and we did not find any significant 
correlation. This implies that even if a link was not confirmed 
by our research, there could be a pertinent connection that 
merits further investigation. Although a favourable association 
with retinal vein occlusion was observed by Kuhli-Hattenbach 
et al. [71], the specific type involved was not defined, and 
no significant correlations were found. This suggests that, 
even if a link was not confirmed by the research, a relevant 
connection may exist and warrants further investigation. Having 
a heterozygous or homozygous MTHFR C677T mutation was 
determined to be a risk factor for CRVO in our investigation. 
This result was consistent with a study in a Chinese population 
by Gao et al. [72]. There is a meta-analysis study [26] on the 
involvement of high homocysteine levels in RVO disease, 
although opinions about the importance of MTHFR (C777T) 
mutations are divided. Studies conducted on different ethnic 
groups or demographic groupings have shown different results 
regarding mutations at (C677T) [73]. The MTHFR C677T 
variant was shown to be a risk factor for RVO by Ferrazzi et 
al. [53] from northern Italy and Yioti et al. [45] from Greece. 
The PON1 Q192R gene's R allele may raise the incidence of 
RVO, according to a research by Ragkousis, Kazantzis [33]. 
There was no evidence between APOE, SDF1-3′G(801)A, and 
PON1 L55M. The MMP2-1306C/T CC genotype, which is 
associated with increased MMP2 levels, helps reduce the onset 
of iRVO, claim Christodoulou, Bagli [32]. Given that MMP2 is 
usually more active in neovascular retinal disorders, this data 
would seem counterintuitive [74]. However, MMPs may alter 
the extracellular environment and control the activity of several 
physiologically active substances since they are endoproteinases 
that target numerous molecules. Accordingly, certain cleavage 

products may provide protection against ischemia and may also 
prevent the development of new blood vessels [75]. SDF-1, a 
chemokine that was previously believed to be inactivated by 
MMP2 [76], was recently shown to be essential for neovascular 
alterations in RVO [77]. Christodoulou, Bagli [78] found a 
strong correlation between the onset of CRVO and the AGTR1 
A1166C and Gpla/lla C807T/G873A polymorphisms in the 
present systematic study. In comparison to homozygotes for 
AA and CC/GG, respectively, carriers of the AGTR1 A1166C 
allele (AC or CC) and those with the Gpla/lla C807T/G873A 
polymorphisms (CT or GA) showed an increased risk of CRVO. 
Furthermore, it was discovered that the adiponectin +276 
G/T polymorphism was linked to a higher incidence of RVO, 
especially in those 75 years of age and older, with those who 
had the adiponectin +276G/TT allele at a higher risk of RVO 
than those who had the G allele. On the other hand, a study of 
the MMP2-1306C/T and VKORC1 G-1639A polymorphisms 
found no evidence of a significant correlation with the onset 
of RVO. These results emphasize the significance of certain 
polymorphisms in predicting RVO and further our knowledge 
of the genetic variables impacting the condition's risk.

While our meta-analysis found no significant association 
between hemostasis gene polymorphisms and RVO, several 
included studies reported positive associations. This divergence 
can be attributed to multiple factors. First, most positive 
studies [30,31] had small sample sizes (n<100), increasing 
susceptibility to Type I errors and effect size inflation. Second, 
population stratification may have influenced results, as positive 
associations predominantly emerged in homogeneous ethnic 
cohorts. Third, publication bias likely favored the dissemination 
of positive findings, as evidenced by funnel plot asymmetry. 
Importantly, our null results align with the largest prior meta-
analysis [48], suggesting that earlier positive reports may have 
reflected methodological artifacts rather than true biological 
signals. The current analysis extends previous work by focusing 
exclusively on recent studies (2018-2024), confirming that 
even with modern diagnostic techniques and more diverse 
populations, these genetic variants lack clinical utility for RVO 
risk prediction. This underscores the importance of large-scale 
collaborative studies to identify genuine genetic risk factors, 
as sample sizes in the thousands may be required to detect the 
subtle effects likely operating in multifactorial conditions like 
RVO.
Conclusion.

According to the study results, retinal vascular occlusion 
(RVO) is mostly caused by changes in blood clotting 
genes, notably MTHFR C677T and A1298C, with elevated 
homocysteine levels serving as a significant risk factor. RVO 
has been associated with gene mutations such as Factor V 
Leiden, prothrombin G20210A, and MMP2-1306C/T, however 
the effects of these mutations vary with demographic and 
study. The findings demonstrate the complex interplay between 
environmental and genetic variables in the development of 
RVO. However, substantial variability and inconsistent results 
among studies suggest that further study is needed to clarify the 
genetic basis of RVO and corroborate these links, particularly 
large-scale, multi-ethnic investigations.
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