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Abstract

Background: In recent years, many studies have found possible links between gene polymorphisms and ver®
thromboembolism (VTE). By identifying genetic risk factors before facing environmental risk factors such as surgical interventions
and COVID-19 vaccination, we could rapidly respond to the risk of VTE. The aim of this study was to perform an umbrella review
of genetic variants related to VTE. Integrative gene analysis of VTE was performed to identify critical genetic variations.

Methods: This study conducted an umbrella review of systematic reviews and meta-analyses. All included studies were selected
from the PubMed/MEDLINE database. To select eligible studies, the following variables were extracted: first author name; effect
size of each study genetic variant; year of publication; the number of studies included in each article; ethnicity, sample size, P
values, and heterogeneity estimates. To assess cumulative evidence in genetic epidemiology about effects of gene polymorphisms
on VTE, Human Genome Epidemiology Network’s Venice criteria were used. Methodological quality assessment was conducted
with JBI Critical Appraisal Checklist for Systematic Reviews and Research Syntheses.

Results: Genes provided in the present study with genetic variants associated with VTE were FVL (G1691A), Prothrombin
(G20210A), MTHFR (C677T, A1298C), PAI-1 (4G/5G), factor VIl activating protease (1601G > A), and endothelial protein C
receptor (g.6936A_G, ¢.4600A_G). Among them, variants in FVL, Prothrombin, MTHFR, and PAI-1 showed high significance.
Particularly, variants in Prothrombin (G20210A), MTHFR (C677T), and PAI-1 (4G/5G) had more than 2 types of model significance.

Conclusion: The present study performed a systematic review of genetic variants associated with VTE. Our results could lead
to a more comprehensive understanding of VTE etiology. These results could give a strategy of prediagnosis about evaluating
individual risks of VTE who might be exposed to environmental risk factors.

Abbreviations: FVL = factor V Leiden, MTHFR = methylenetetrahydrofolate reductase, PAI-1 = plasminogen activator inhibitor-1,

PE = pulmonary embolism, RR = risk ratio, VTE = venous thromboembolism.
Keywords: femoral head osteonecrosis, genetic variant, polymorphism, steroid, umbrella review

1. Introduction

Venous thromboembolism (VTE) is a serious clinical disease. It
includes pulmonary embolism (PE) and deep vein thrombosis as
2 different forms of the same disease.!'! VTE is also known as a
silent killer. It has high morbidity and mortality due to abnor-
mal coagulation of blood.**! Coagulation causes thrombosis in
superficial leg, arm, cerebral, renal, and portal veins.*! VTE is
the third most frequent vascular disorder.’! It affects roughly
1 to 2 people per 1000 people each year.!®! The probability of
a recurring VTE event after a first VIE event is substantial.
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Around 30% of people who have an incident VTE event have a
recurrence within 10 years.!

Recent studies have shown that VTE is a complex multi-fac-
tor disease in which polygenetic factors play a principal role./”*!
Synergistic gene-gene and gene-environment interactions con-
tribute to the increase of VTE. For example, the presence of het-
erozygosity for factor V Leiden (FVL), a VTE gene factor, plus the
use of oral contraceptives, a VTE environment factor, can result
in a 34-fold increase in thrombotic risk.”'” Checking genetic
risk factors before getting environmental risk factors (e.g., sur-
gical interventions, pregnancy, and COVID-19 vaccination) is
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important.''2I Therefore, exploring genetic variants associated
with VTE occurrence would be important to discover the direc-
tion of prevention and treatment of VTE.

It has become critical to comprehend the significance of
genetic variants in coagulation factors that might contribute
to the development of VTE. Genetic variants known to be the
most prominent factors in VTE include defects in natural anti-
coagulants, methylenetetrahydrofolate reductase (MTHFR),
prothrombin, protein C, plasminogen activator inhibitor-1 (PAI-
1), and FVL.I'*-551 Studies have shown that these genetic defects
could cause thrombotic disorders with a complexity of underly-
ing mechanisms. Indeed, profiling individual genetic risk could
be a useful prevention strategy for VTE.[%1l

Many studies published in recent years have found possible
links between gene polymorphisms and VTE.['-22I By identify-
ing genetic risk factors before facing environmental risk factors
such as surgical interventions and COVID-19 vaccination, we
could rapidly respond to the risk of VTE. Therefore, the aim of
this study was to perform an umbrella review of genetic variants
related to VTE. Integrative gene analysis of VTE was performed
to identify critical genetic variations.

2. Methods

2.1. Search strategy and selection criteria for eligible
studies

This study conducted an umbrella review for systematic reviews
and meta-analyses. All included studies were selected from the
PubMed/MEDLINE database. The search strategy included key-
words “(‘venous thrombosis’[MeSH Terms] OR (‘venous’[All
Fields] AND ‘thrombosis’[All Fields]) OR ‘venous thrombosis’[All
Fields] OR (‘deep’[All Fields] AND ‘vein’[All Fields] AND ‘throm-
bosis’[All Fields]) OR ‘deep vein thrombosis’[All Fields]) AND
(‘venous thromboembolism’[MeSH Terms] OR (‘venous’[All
Fields] AND ‘thromboembolism’[All Fields]) OR ‘venous throm-
boembolism’[All Fields]) AND (‘genes’[MeSH Terms] OR
‘genes’[All Fields] OR ‘gene’[All Fields]) AND (‘meta’[Journal]
OR ‘meta’[All Fields])” applied to the title/abstract/keywords
field to find diverse systematic meta-analyses and reviews. Two
authors independently screened retrieved publications. In case of
disagreements, the final decision was resolved according to con-
sensus. When disagreements could not be resolved, a third investi-
gator was included. Full texts of publications were selected to find
eligible studies after title/abstract was screened.

Selection criteria for eligible studies were: studies on genetic
variants based on systematic reviews and gene meta-analyses
related to VTE; studies that provided definite information about
statistical processes and results; and studies written in English.
Exclusion criteria were: systematic meta-analyses without a
quantitative synthesis of the evidence; non-human studies; stud-
ies with huge errors or poor quality; studies without specific
statistical results including overall P values; studies without
examining risk factors; studies with publication bias; and stud-
ies with heterogeneity.

2.2. Data extraction

For each eligible reference, 1 author extracted data and then a
second author screened it. To select eligible studies, the follow-
ing variables were extracted: first author name; effect size of
each study genetic variant; year of publication; the number of
studies included in each article; ethnicity, sample size, P values,
and heterogeneity estimates.

2.3. Statistical analysis

To assess cumulative evidence in genetic epidemiology about
effects of gene polymorphisms on VTE, Human Genome
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Epidemiology Network’s Venice criteria were used.?* The guide-
line included the index of the amount of evidence, the extent
of replication, and protection from bias. Evidence criteria were
categorized into 3 levels (strong, moderate, or weak). According
to these criteria, large sample sizes and a large amount of evi-
dence would ensure appropriate power for detecting eligible
results. A specific description of these criteria is provided in
Table 1. Methodological quality assessment was conducted with
JBI Critical Appraisal Checklist for Systematic Reviews and
Research Syntheses. This assessment comprised 11 items evalu-
ating the methodological quality of studies. Each question was
answered as “yes,” “no,” or “unclear.”

2.4. Ethical consideration

Ethical approval was not necessary because of the nature of the
present study.

3. Results
3.1. Number of articles and types identified

Our search strategy identified 40 unique references from the
database. After excluding duplicates and articles unrelated to
main topics by abstract screening, 31 publications remained. Of
these 31 publications, 23 full-text articles without eligible inter-
vention (n = 21) or without adequate data for evaluating risk fac-
tors (n = 2) were excluded. Finally, 8 eligible publications met the
criteria of inclusion and exclusion with significant results, proper
qualitative evaluation, and convincing data (Fig. 1).[17-22:2425
These 8 eligible articles included 6 genes and 7 genetic variants.

3.2. Main findings of meta-analyses of SNP-based studies

In the study, 4 genetic variants of 4 genes were significantly
associated with VTE. FVL mutation in the G1691A gene
was investigated in 3 articles, including the study of Antonio
Marchiori et al (including 10 studies), the study of Xindie Zhou
et al (including 14 studies), and the study of Wai Khoon Ho et
al (including 10 studies).2'?>2* The pooled risk ratio (RR) for
G1691A gene mutation in the study of Antonio Marchiori et al

Description of the extension of the human genome epidemiology
network’s Venice criteria to assess genetic main effect.

Criteria of
consideration Category Proposed operationalization
Amognt of A Sample size over 1000
evidence B Sample size 100-1000
C Sample size under 100
Replication A P <50%
B 25% < P < 50%
C £ > 50%
Protection A Consideration biases such as bias in genotyping,
from bias B population stratification, and Selective reporting biases.
C Bias in genotype definition = Not reported what was

done/No quality control checks/Appropriate quality
control checks.

Population stratification = Not reported what was done/
Nothing done/Same descent group/Adjustment for
reported descent/Family-based design/Genomic
control, PCA or a similar method
Selective reporting biases = Meta-analysis of published
data/Retrospective efforts to include unpublished
data/Meta-analysis within consortium.
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Figure 1. Flowchart showing the study selection process using PRISMA.

(n=23)

Records excluded with no
eligible intervention
(n=21)
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factors
(n=2)

showed significant results in a heterozygous model (fixed-effects
model: RR =1.39, 95% CI: 1.15-1.67, P =.0005; random-ef-
fects model: RR =1.45, 95% CI: 1.13-1.85, P =.0003). The
study of Wai Khoon Ho et al also showed significant results for
G1691A gene mutation in a heterozygous model (fixed-effects
model: RR = 1.41, 95% CI: 1.14-1.75, P = .002). However, the
study of Xindie Zhou et al did not show any significance for
G1691A gene mutation.

Prothrombin mutation in the G20210A gene was investi-
gated in 3 articles, including they study of Antonio Marchiori et
al (including 10 studies), the study of Xindie Zhou et al (includ-
ing 7 studies), and the study of Wai Khoon Ho et al (includ-
ing 9 studies).*"?224 Pooled odds ratio (OR) for prothrombin
G20210A gene mutation in their study of Xindie Zhou et al
showed significant results in a dominant model (fixed-effects
model: OR =2.16, 95% CIL: 1.27-3.69, P =.005). The study
of Wai Khoon Ho et al also showed significant results for pro-
thrombin G20210A gene mutation in a heterozygous model
(fixed-effects model: OR = 1.72, 95% CI: 1.27-2.31, P =.001).
However, the study of Antonio Marchiori et al did not show any
significance for prothrombin G20210A gene mutation.

MTHFR mutation in C677T gene was investigated in 3 arti-
cles, including the study of Xindie Zhou et al (including 2 stud-
ies), the study of Peijin Zhang et al (including 24 studies), and
the study of Miao Gao et al (including 31 studies)."***??I Pooled
OR for MTHFR C677T gene mutation in the study of Peijin
Zhang et al showed significant results in an allele model (ran-
dom-effects model: OR =1.48, 95% CI: 1.32-1.67, P =.005),
a heterozygous model (random-effects model: OR = 1.33, 95%
CI: 1.11-1.60, P = .008), and a dominant model (random-effects
model: OR =1.53, 95% CI: 1.28-1.84, P = .002). The study of
Miao Gao et al also showed significant results for MTHFR

C677T gene mutation in a reverse allele model (random-effects
model: OR =0.80, 95% CI: 0.71-0.90, P =.00001), a reverse
recessive model (random-effects model: OR =0.68, 95% CI:
0.56-0.83, P =.0002), a reverse dominant model (random-ef-
fects model: OR=0.82, 95% CI: 0.72-0.94, P =.005), a
reverse heterozygous model (random-effects model: OR = 0.65,
95% CI: 0.52-0.81, P =.0001), and a reverse homozygous
model (random-effects model: OR = 0.73, 95% CI: 0.60-0.89,
P =.002). However, the study of Xindie Zhou et al did not show
any significance for MTHFR C677T gene mutation.

PAI-1 4G/5G gene mutation was investigated in 1 article by
Qiang Zhang et al (including 27 studies).”*” The pooled OR for
PAI-1 4G/5G gene mutation in the study of Qiang Zhang et al
showed significant results in a recessive model (random-effects
model: OR =1.34, 95% CI: 1.10-1.63, P = .004) and homozy-
gous model (random-effects model: OR =1.59, 95% CI: 1.17-
2.15, P =.003).

Factor VII activating protease 1601G > A gene mutation and
endothelial protein C receptor g.6936A_G, ¢.4600A_G muta-
tions have also been investigated by Da Li et al and Jessica
Dennis et al However, there were no significant results. All
genetic variants data are provided in Table 2. Main findings of
eligible studies are shown in Table 3.

3.3. Qualitative methodological appraisal of eligible
meta-analyses

Results of qualitative methodological appraisal of included
studies using JBI Critical Appraisal Checklist for Systematic
Reviews and Research Syntheses are shown in Table 4. Studies
of Antonio Marchiori et al, Jessica Dennis et al, and Wai Khoon
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Medicine

Evidence across the systematic reviews of risk factors.

Main findings

Author Title
Antonio The risk of recurrent venous
Marchiori thromboembolism among
et al®®l heterozygous carriers of factor V
Leiden or prothrombin G20210A
mutation. A systematic review of
prospective studies
DaLiet Association between FSAP
alsl 1601G > A polymorphism and
venous thromboembolism risk: A
meta-analysis
Jessica The endothelial protein C receptor
Dennis (PROCR) Ser219Gly variant and risk
et all'® of common thrombotic disorders: a
HUGE review and meta-analysis of
evidence from observational studies
Miao Gao Meta-analysis of the relationship
et al*? between methylenetetrahydrofolate
reductase C677T and A1298C
polymorphism and venous
thromboembolism in the Caucasian
and Asian
Peijin Association Between MTHFR C677T
Zhang Polymorphism and Venous
et al?” Thromboembolism Risk in the
Chinese Population: A Meta-
Analysis of 24 Case-Controlled
Studies
Qiang Plasminogen activator inhibitor-1
Zhang (PAI-1) 4G/5G promoter
et al® polymorphisms and risk of venous
thromboembolism—a meta-
analysis and systematic review
Wai Knhoon Ho Risk of recurrent venous
et al?"l thromboembolism in patients with
common thrombophilia
Xindie Zhou Who are at risk for thromboembolism
etal? after arthroplasty? A systematic

review and meta-analysis

Specified disease name: DVT (Deep Vein Thrombosis), PE (Pulmonary embolism)
10 eligible studies included
Finding: Significant association between the FVL polymorphism and VTE was found under the heterozygous
model (RR: 1.45 95% Cl: 1.13-1.18). Heterozygous carriage of FVL is clearly associated with an increased risk
of recurrent thromboembolism.

Specified disease name: VTE
7 eligible studies included
Finding: Significant association between the FSAP 1601G > A polymorphism and VTE was found under allele
(OR: 1.33,95% CI: 1.07-
1.66), the heterozygous model (OR: 1.34, 95% Cl: 1.06—1.68), and the dominant model (GG,0R: 1.33, 95%
Cl: 1.06—1.66). FSAP 1601 > A polymorphism of 3 genetic comparison models may be associated with VTI
susceptibility.
Specified disease name: VTE
11 eligible studies included
Finding: Significant association between the PROCR (g.6936A_G, ¢.4600A_G) variant and VTE was found under
allele model (OR:1.22, 95% Cl: 1.11-1.33). PROCR variant of allele model may increase risk of common
thrombotic disorders.

Specified disease name: VTE
31 eligible studies included
Finding: Significant association between the MTHFR C677T mutation and VTE was found under reverse
recessive model (OR: 0.68, 95% Cl: 0.56-0.83), reverse dominant model (OR: 0.82, 95% Cl: 0.72-0.94),
heterozygote model (OR: 0.65, 95% CI: 0.52-0.81), homozygote model (OR: 0.73, 95% Cl: 0.60-0.89), and
allele model (OR: 0.80, 95% Cl: 0.71-0.90). MTHFR A1298C polymorphism did not show significance with VTE
in all genetic models. MTHFR C677T of 5 genetic comparison models may be associated with VTl susceptibility.
Specified disease name: VTE
24 eligible studies included
Finding: Significant association between the MTHFR C677T polymorphism and VTE was found under allele
model (OR: 1.48, 95% Cl: 1.32-1.67), heterozygous model (OR: 1.33, 95% CI: 1.11-1.60), homozygote model
(OR: 2.11, 95% Cl: 1.79-2.48), dominant model (OR: 1.53, 95% Cl: 1.28-1.84) and recessive model (OR:
1.83, 95% Cl: 1.59-2.11). The findings support the associations of MTHFR C677T polymorphism with VTE risk
in the Chinese population
Specified disease name: VTE
27 eligible studies included
Finding: Significant association between the PAI-1 4G/5G polymorphism and VTE was found under allele model
(OR: 1.25,95% CI: 1.05-1.49), dominant model (OR: 1.38, 95% CI: 1.06-1.81), recessive model (OR: 1.34,
95% Cl: 1.10-1.63), heterozygote model (OR: 1.27, 95% Cl: 1.00-1.65), and homozygote model (OR: 1.59,
95% Cl: 1.17-2.15). The findings support the associations of PAI-1 4G/5G polymorphism with VTE risk in the
Asian population.
Specified disease name: VTE
10 eligible studies included (FVL), 9 eligible studies included (prothrombin G20210A)
Finding: Significant association between the FVL and VTE was found under the heterozygous model (OR: 1.41,
95% Cl: 1.14-1.75). The significant association between the prothrombin G20210A and VTE was found under
the heterozygous model (OR: 1.72, 95% Cl: 1.27-2.31). FVL and prothrombin G20210A of the heterozygous
model are each associated with an increased risk of VTE.
Specified disease name: VTE
14 eligible studies included (FVL), 7 eligible studies included (prothrombin), 2 eligible studies included (MTHFR)
Finding: Significant association between the FVL and VTE was found under the dominant model (OR: 1.41, 95%
Cl: 1.03-1.94). The significant association between the prothrombin G20210A and VTE was found under the
dominant model (OR: 2.16, 95% Cl: 1.27-3.69). The significant association between the MTHFR and VTE was
found under the recessive model (OR: 2.36, 95% Cl: 1.03-5.42). FVL, prothrombin G20210A, and MTHFR may
increase the risk of VTE in Caucasian populations who are scheduled for arthroplasty.

Ho et al showed the lowest quality score at 9. On the other hand,
studies of Miao Gao et al, Peijin Zhang et al, Qiang Zhang et al,
and Xindie Zhou et al showed the highest score of 11. Only the
study of Da Li et al showed a score of 10.

4. Discussion

Genes reviewed in the present study with genetic variants
associated with VTE included FVL (G1691A), prothrombin
(G20210A), MTHFR (C677T, A1298C), PAI-1 (4G/5G), factor

VII activating protease (1601G > A), and endothelial protein
C receptor (g.6936A_G, c.4600A_G). Among them, variants
of FVL, prothrombin, MTHFR, and PAI-1 showed high sig-
nificance. Particularly, variants of prothrombin (G20210A),
MTHFR (C677T), and PAI-1 (4G/5G) had more than 2 types
of model significance.

Prothrombin gene mutation can alter the transcription of pro-
thrombin gene, consequently generating thrombin, a key factor in
blood clotting.?! In Caucasians, prothrombin G20210A is one of
the most common inherited thrombophilic disorders with a prev-
alence of 2%-3%.% In the presence of prothrombin G20210A
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mutation, the risk of the first episode of VTE is increased by 2- to
3-fold.BY Gohil et al have found that patients with prothrom-
bin G20210A polymorphism have a higher risk of deep vein
thrombosis or PE.’2 Wahlandr K et al have also reported that
prothrombin gene G20210A mutations could be potential risk
factors for VTE after environmental factors such as a hip or knee
replacement surgery.**! Therefore, prothrombin G20210A could
increase the risk of VTE by excessive generation of blood clotting
factors. It could be accelerated by environmental factors.

Factor V plays an essential role as a regulator of thrombin for-
mation.* FVL is a typical polymorphism of Factor V causing a
coagulation disorder.’! Several studies have reported that total
hip replacement or joint replacement surgery could cause VTE
in patients who have FVL genotype.2%333¢-381 Egpecially, numer-
ous studies have provided convincing evidence that heterozy-
gosity for either mutation of FVL and prothrombin G20210A
can significantly increase the risk of VTE.?*-#U The present study
also showed that a heterozygous genetic model of FVL and pro-
thrombin G20210A mutation had a high significance in VTE
with a moderate or strong evidence class. These results support
the relationship of the risk of VTE with genetic variants of FVL
and prothrombin G20210A gene.

The critical appraisal results of the included studies using
the JBI- meta-analyses using critical appraisal checklist for
systematic reviews and research syntheses.

References 1 2 3 45 6 7 8 9 10 11 Total
Antonio Marchiorietal® Y Y Y Y N Y Y Y Y N VY 9
Da Li et al"? Y Y Y Y NY Y Y Y Y Y 10
Jessica Dennis et all'® Y NY Y Y Y Y Y Y N N 9
Miao Gao et all'®! Y Y Y Y Y Y Y Y Y Y Y 1
Peijin Zhang et al®”l Y Y Y Y Y Y Y Y Y Y Y 11
Qiang Zhang et al® Y Yy Y Yy Yy Y Y Y YY Y 11
Wai Khoon Ho et al?"! Y Y Y NY Y Y Y Y Y N 9
Xindie Zhou et al*? Y Y Y Y Y Y Y Y Y Y Y 1

0 =No, 1 = Yes, JBI = Joanna Briggs Institute.

www.md-journal.com

In the present study, MTHFR C677T gene mutation showed
high significance results in various genetic models. MTHER is
an important enzyme regulating folate metabolism and DNA
methylation.?” MTHFR activity deficiency can lead to hyper-
homocysteinemia which can alter platelet function causing
blood coagulation, ultimately contributing to the etiology of
VTE.!"! Recently, the association between MTHFR gene poly-
morphism and VTE has been studied, showing controversial
results. Several studies have demonstrated that MTHFR C677T
mutation is significantly associated with VTE.[>%] In contrast,
the MEGA study of Irene D. Bezemer et al has concluded that
mildly increased homocysteine levels as a result of MTHFR
677T mutation have no association with VTE.*¥ Some studies
have suggested that MTHFR might affect the risk of VTE in
cooperation with other genetic variants or environmental risk
factors. 14546

PAI-1 plays an important role in fibrinolysis as an inhibitor
of plasminogen activators.*”! The study of Baglin T et al has
discovered that the 4G allele of PAI-1 may bind to the transcrip-
tion region and increase mRNA transcription level of PAI-1.148!
In the present study, PAI-1 4G/5G polymorphism also showed
a significant relationship with the risk of VTE in a recessive and
homozygous genetic model. Particularly, the 4G/4G homozy-
gous genetic model of PAI-1 with an increasing level of PAI-1
is known to cause a state of low fibrinolysis associated with the
risk of VTE.» However, some studies did not show any signif-
icant results.*”!

Recently, many studies have reported that COVID-19 has a
close association with VTE. In the case report of Jose Ramon
Fiore et al, a young COVID-19 patient who had a homozy-
gous prothrombin G20210A mutation suffered severe systemic
thrombosis.*’! Similarly, numerous studies have reported the
relationship between COVID-19 and several polymorphisms
associated with VTE.B%% Vaccines against COVID-19 might
increase the risk of VTE.2”l Some environmental risk factors
such as cytokines that are increased after vaccination against
COVID-19 might have an interrelationship with genetic variants
associated with VTE. Further studies are needed to investigate
prognostic genetic markers for VTE in COVID-19 patients for
preventing vaccination side effect. The overall gene mechanisms
of VET in the present study was shown in Figure 2.

Prothrombin G2021A polymorphism
(rs1799963)

Prothrombin —) Thmmbin— ' Plasmin

PALL PAI-1 4G/5G polymorphism
l (rs1799889)

Venous Thromboembolism

"/%Eﬁ‘t;&;@@

® ©

.@@@

Thrombophilia &
intravascular coagulation

~

FVL
(rs6025)

Figure 2. Overall gene mechanisms related to venous thromboembolism (VTE).
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The present study has several limitations. First, to collect vast
volumes of data, we eliminated gender characteristics from our
study. Second, each data set did not have a specific ethnic classi-
fication. Third, data were limited by studies available at the time.

5. Conclusion

The present study performed a systematic review of genetic vari-
ants associated with VTE. Our results could lead to a more com-
prehensive understanding of the mechanism of VTE etiology.
These results could give a strategy of prediagnosis to evaluate
individual risks of VTE who might be exposed to environmental
risk factors.
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