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Abstract
Background:Recently, several studies showed that the polymorphisms in the coagulation-related genesmight be associated with
venous thromboembolism (VTE); however, the results were still controversial. We performed a meta-analysis with trial sequential
analysis to investigate the associations between the endothelial cell-activated protein C receptor (EPCR) rs9574, F11 rs2289252,
F11 rs2036914, FGG rs2066865, FGG rs1049636, CYP4V2 rs13146272, SERPINC1 rs2227589, and GP6 rs1613662
polymorphisms with the risk of VTE.

Methods: We searched both the common English-language databases and the Chinese literature databases. Two authors
selected studies according to inclusion and exclusion criteria. Crude odds ratios with 95% confidence intervals (CI) were calculated to
estimate the strength of this association. Between-study heterogeneity was assessed with the chi-square-based Q test and the I2

statistic.

Results: Overall, a total of 20 studies were included. The meta-analysis revealed that the F11 rs2289252, F11 rs2036914, FGG
rs2066865, and CYP4V2 rs13146272 polymorphisms were closely related to the development of VTE in the white race under the
best genetic models after multiple testing adjustments. The EPCR rs9574, FGG rs1049636, SERPINC1 rs2227589, and GP6
rs1613662 polymorphisms might be potential candidates in the pathogenesis of VTE, but trial sequential analyses and sensitivity
analyses indicated that the evidences were limited. Larger scale studies were demanded to avoid false-positive outcomes.

Conclusions: Finally, our study demonstrated the important role of rs2289252, rs2036914, rs2066865, and rs13146272
polymorphisms in the development of VTE in the white race. Rs9574, rs1049636, rs2227589 and rs1613662 polymorphisms might
be risk factors of VTE. However, more studies involving diverse races are needed to probe the ethnic difference and the underlying
mechanisms of significant associations.

Abbreviations: CI = confidence interval, DALYs = disability adjusted life years, EPCR = endothelial cell-activated protein C
receptor, FGG = fibrinogen gamma, FXI = factor XI, HB = hospital-based, HWE =Hardy–Weinberg equilibrium, OR = odds ratio, PB
= population-based, PC = protein C, SNPs = single nucleotide polymorphisms, TSA = trial sequential analysis, VTE = venous
thromboembolism.
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1. Introduction

Venous thromboembolism (VTE) is amajor public health concern.
VTE associated with hospitalization is an important reason of
disability-adjusted life years (DALYs) lost in both developed and
developing countries.[1,2] As amultifactorial disease, VTE involves
interactions between clinical risk factors and acquired or inherited
predispositions to thrombosis.[3] In recent years, many lines of
evidence have indicated that thrombotic risk may be in part
genetically determined and genetic influence is potentially
profound on account of its life-long presence.[4] The protein C
(PC) pathway is a part of the natural anticoagulation system.
Endothelial cell-activated PC receptor (EPCR), a transmembrane
protein widely expressed on the endothelium of large vessels, can
bind circulating PC, which further enhances the activity of the PC
pathway via the thrombin–thrombomodulin complex by 5- to 20-
fold.[5] Several single nucleotide polymorphisms (SNPs) have been
explored in the EPCR gene so far. Thereinto, EPCR 4678G/C
(rs9574), the tag SNP of haplotype 1 found in the 3’untranslated
region (3’UTR), is one of the most studied SNPs recently.[6]
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Coagulation factors are various protein components that partici-
pate in the blood-clotting process. Factor XI (FXI) is a key
component of the intrinsic coagulation pathway, which serves as a
cofactor for coagulation factor IX.[7] Meijers and colleagues[8]

have reported that high level of FXI is a risk factor for VTE.
Furthermore, pharmacologic inhibition of FXI has showed an
apparent opposite protection against blood clot in different animal
models and human studies.[9–12] Two common F11 SNPs,
rs2289252 and rs2036914, were found to be associated with
VTE in 2 large well-designed population-based (PB) studies: the
Leiden Thrombophilia Study (LETS) and the Multiple Environ-
mental and Genetic Assessment of Risk Factors for Venous
Thrombosis (MEGA study).[13] It is worth noting that 3 additional
SNPs (CYP4V2 rs13146272, SERPINC1 rs2227589, and GP6
rs1613662)were also identified to be associatedwithVTE inLETS
and MEGA studies. Fibrinogen, the precursor of fibrin, is an
essential component of the fibrinolytic system. Structurally, it
comprises 3 polypeptide chains (Aa, Bb, and g), encoded by 3
separate genes,fibrinogen alpha (FGA),fibrinogenbeta (FGB), and
fibrinogen gamma (FGG).[14] Two haplotype-tagging SNPs of the
FGG gene including rs2066865 and rs1049636 have recently been
proposed as potential risk factors for VTE.[15]

It is well known that normal hemostasis relies on a successful
balance among the anticoagulation system, the coagulation
system, and the fibrinolytic system. EPCR, F11, FGG, CYP4V2,
SERPINC1, and GP6 play vital roles in these 3 systems. Several
studies have investigated the associations between polymor-
phisms in these 6 genes with the risk of VTE. However, the results
remain unclear or even contradictory. To some degree, it is
possibly because of small sample size of a single study or
insufficient statistical power to probe the latent relation. Hence,
we performed ameta-analysis with trial sequential analysis (TSA)
to obtain a more precise estimation of the relationships between
these 8 polymorphisms and the risk of VTE.

2. Materials and methods

2.1. Ethnic statement

Ethical approval is not necessary for the present meta-analysis
and TSA.
2.2. Search strategy

We systematically collected all of the eligible literatures from 01/
01/2000 to 01/05/2016 by searching both the common English-
language databases (PubMed,Web of Science, and EMBASE) and
the Chinese literature databases (CNKI [http://www.cnki.net] and
WanFang [http://www. wanfangdata.com.cn ]). The following
searchphraseswereused: (EPCRorPROCRorFXIorF11orFGG
or CYP4V2 or SERPINC1 or GP6; polymorphism or mutation or
variant; and VTE. Additional studies were identified by hand,
searching the references in original articles and review articles.

2.3. Inclusion and exclusion criteria

The included studies were required to meet the following criteria:
evaluating the EPCR rs9574, F11 rs2289252, F11 rs2036914,
FGG rs2066865, FGG rs1049636, CYP4V2 rs13146272, SER-
PINC1 rs2227589, and GP6 rs1613662 polymorphisms with the
riskofVTE;usinga case–control design; supplying enoughdata for
estimating an odds ratio (OR) with a 95% CI. The major reasons
for exclusion of studies were as follows: not involving VTE;
reviews, animal studies, comments, or duplicate publications; not
2

designed as a case–control or cohort study; not providing the
source of cases and controls and other essential information.

2.4. Data extraction

The informationwas carefully extracted fromall eligible literatures
independently by 2 investigators (Liu K and Jiang J) according to
the inclusion criteria listed previously. For a conflicting evaluation,
a third reviewer (Zou JJ) was consulted and a consensus was
reached by discussion. The following variableswere collected from
each literature: the first author’s name, the year of publication,
country of origin, ethnicity, genotyping method, study object,
source of controls, age, gender, numbers of genotyped cases and
controls, andHardy–Weinberg equilibrium (HWE) in the controls.
The ethnicities mainly consisted of the white, yellow, and black
races. The different sources of controls were categorized as PB
controls and hospital-based (HB) controls. The genotyping
methods were divided into polymerase chain reaction-restriction
fragment length polymorphism, Taqman, allele-specific PCR,
sequencing, and soon.Thequality of the studieswasassessedusing
the Newcastle–Ottawa scale (NOS).[16] Studies with scores ≥6
were considered to be of high quality.

2.5. Statistical analysis

Crude odds ratios (ORs) with their corresponding 95% CIs were
used to assess the strengthof associationsbetween8 SNPsandVTE
risk. OR1, OR2, and OR3 regarding each polymorphism were
calculated for genotypes MM versus WW, WM versus WW, and
MM versus WM, respectively. The comparison between OR1,
OR2, and OR3, and the P-values were used to determine the best
genetic model.[17] Besides the best genetic model, several other
possible genetic models were also assessed: allele contrast (M vs
W), homozygote model (M/M vs W/W), heterozygote model (W/
MvsW/W),dominantmodel (W/M+M/MvsW/W), and recessive
model (M/M vs W/M +W/W). To assess the heterogeneity across
included studies, the chi-square-based Q test and the I2 statistic
were performed. P<0.10 or I2 >50% indicated evidence of
heterogeneity.[18] The pooled ORwas estimated in both the fixed-
effects model (the Mantel–Haenszel method)[19] and the random-
effects model (the DerSimonian and Lairdmethods).[20] The fixed-
effects model would be used when the studies were found to be
homogeneous. Otherwise, the random-effects model would be
adopted. Galbraith plot was performed to further investigate
the possible sources of heterogeneity. Stratified analyses were
conducted by ethnicity, sample size, source of controls, and study
objects. Sensitivity analyses were performed to assess the stability
of the results. Publication bias was estimated using Begg’s funnel
plot and Egger’s linear regression test. To adjust the values for
multiple comparisons, we applied the Benjamini–Hochberg
methods, which control for false discovery rate (FDR).[21] In
addition, departure from HWE in the controls was tested by the
chi-square test for goodness of fit, and aP<0.05was considered as
a significant disequilibrium. The meta-analysis was conducted
using the Stata software (version 12.1; StataCorp LP, College
Station, TX; Supplementary file, http://links.lww.com/MD/B631),
and the P value was 2-sided.

2.6. Trial sequential analysis

In order to examine the reliability and conclusiveness of the
available evidence, we used a novel statistical analysis software
called TSA (The Copenhagen Trial Unit, Center for Clinical
InterventionResearch,Denmark).We calculated the heterogeneity
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Figure 1. Studies identified with criteria for inclusion and exclusion.
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corrected optimal information size (HOIS) by considering an
overall type-I errorof 5%,a type-II error of20%,anda relative risk
reduction (RRR) assumption of 10%. A continuity correction of
0.5 was also applied in zero-event trials. TSA plotted a 2-sided
graph where red straight dash lines indicate conventional P=0.05
statistical boundaries, the blue line shows the cumulative Z-score
of the meta-analysis, and the inward sloping red lines represent the
truncated trial sequential monitoring boundaries.
3. Results

3.1. Characteristics of studies

Through the literature search and selection based on the inclusion
criteria, a total of 20paperswere included in themeta-analysis (Fig.
1).[13,15,22–39] All the 20 papers were of high quality. Among the
eligible studies, 2 included subjects of yellow race fromChina[22,39]
Table 1

Main results for the EPCR rs9574 mutation in the meta-analysis.
CC vs GG CG vs GG

Variables N
∗

OR (95%CI) P† FDR‡ OR (95%CI) P† FDR‡ OR (95%

Total 8 0.59 (0.43–0.80) 0.098 0.002 0.90 (0.77–1.06) 0.128 0.203 0.82 (0.65
HWE 7 0.59 (0.42–0.85) 0.068 0.007 0.88 (0.75–1.05) 0.100 0.150 0.81 (0.63
White 7 0.62 (0.46–0.85) 0.136 0.005 0.91 (0.77–1.08) 0.092 0.282 0.85 (0.66
≧200x 5 0.55 (0.39–0.77) 0.157 0.002 0.85 (0.71–1.02) 0.679 0.078 0.78 (0.66
PB 5 0.61 (0.41–0.91) 0.214 0.027 1.03 (0.82–1.29) 0.099 0.791 0.94 (0.67
Matched¶ 4 0.65 (0.41–1.03) 0.162 0.080 0.87 (0.70–1.08) 0.754 0.213 0.82 (0.67

CI = confidence interval, EPCR = endothelial cell-activated protein C receptor, FDR = false discovery
∗
Number of studies.

† The value of the heterogeneity test.
‡ P value in multiple testing (Benjamini–Hochberg methods).
x sample size.
¶ Studies including age- and sex-matched controls.

3

and 3 of black race. Most of the studies used peripheral
blood samples for DNA extraction, and the polymerase chain
reaction method or TaqMan method was often utilized for
genotyping. All studies recruited age- and sex-matched subjects as
controls, apart from 2 including prothrombin G20210A or FV
Leiden carriers as research objects [37,42] and 2 were not
mentioned.[30,35] All controls were PB in addition to 5 case-
control studies including HB controls.[22,28,29,37,38] The distribu-
tion of genotypes in all of the controls was consistent with HWE,
except for 1 article.[34] The main characteristics for all eligible
studies are listed in Supplementary Table S1 (http://links.lww.com/
MD/B631). All results were based on best genetic models.

3.2. EPCR rs9574

Table 1 lists the main results of the meta-analysis of the
association between the EPCR 4678G/C polymorphism and VTE
CC/CG vs GG CC vs CG/GG C vs G
CI) P† FDR‡ OR (95%CI) P† FDR‡ OR (95%CI) P† FDR‡

–1.03) 0.081 0.101 0.64 (0.53–0.78) 0.169 0.000 0.80 (0.72–0.89) 0.101 0.000
–1.05) 0.052 0.135 0.65 (0.53–0.80) 0.143 0.000 0.80 (0.72–0.89) 0.063 0.000
–1.08) 0.071 0.224 0.66 (0.54–0.81) 0.211 0.000 0.82 (0.73–0.91) 0.129 0.000
–0.92) 0.537 0.004 0.64 (0.51–0.79) 0.139 0.000 0.78 (0.70–0.88) 0.231 0.000
–1.33) 0.069 0.791 0.59 (0.45–0.77) 0.406 0.000 0.81 (0.71–0.94) 0.176 0.010
–1.01) 0.704 0.080 0.76 (0.58–1.01) 0.105 0.080 0.84 (0.73–0.97) 0.286 0.080

rate, HWE = Hardy–Weinberg equilibrium, OR = odds ratio, PB = population-based.
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risk. After multiple testing adjustment, a significantly decreased
risk of VTE was associated with the 4678G/C polymorphism in
the recessive model (OR=0.64, 95% CI=0.53–0.78, FDR<
0.001). The positive association did not change when we
excluded 1 study with control inconsistent with HWE. In the
subgroup analysis by ethnicity, source of controls, and sample
size (≧200), we found that the EPCR 4678G/C polymorphism
was significantly associated with VTE risk in the white race and in
the studies with PB controls and relatively large sample size.
However, when we merely included the studies which declared
the controls were age- and sex-matched, the association was
turned out to be meaningless. The heterogeneity across all of the
studies was nonsignificant in the best genetic model.

3.3. F11 rs2289252, F11 rs2036914, FGG rs2066865, and
FGG rs1049636

As shown in Table 2, our meta-analysis showed that the F11
rs2289252 TT genotype and the F11 rs2036914 CC genotype
were risk factors in the susceptibility of VTE for the codominant
models. Stratification by ethnicity indicated that the associations
were still significant in thewhite race.When restricting the analysis
to the studieswith larger sample size or PB controls, the statistically
significant associations were still observed. Heterogeneity analysis
verified that the heterogeneity across researches was mild.
With regard to the FGG rs2066865 polymorphism, we found

that individuals carrying C allele were more likely to suffer from
VTE than thosewith T allele in the codominantmodel (Fig. 2). The
results of stratification analyses according to ethnicity, sample size,
and source of controls were similar to the overall results. As for the
FGG rs1049636 polymorphism, our results suggested that the
polymorphism was significantly related to VTE especially in the
white race rather than the non-white race in the recessive model.
Furthermore, the heterogeneity analysis stated that all the studies
of the 2 polymorphisms had favorable homogeneity.

3.4. CYP4V2 rs13146272, SERPINC1 rs2227589, and GP6
rs1613662

In terms of the CYP4V2 rs13146272 polymorphism, the overall
OR with its 95% CI exhibited a statistically significant
association between this polymorphism and a reduced risk of
VTE for the codominant model, particularly in the white race and
in the studies with PB controls and relatively large sample size. No
obvious heterogeneity was observed in the overall and subgroup
analyses. Meta-analysis of the SERPINC1 rs2227589 polymor-
phism showed an elevated risk between this polymorphism and
VTE susceptibility with low between-study heterogeneity under
the overdominant model after the multiple testing adjustment.
Likewise, the significant association did not change in the
subgroup analyses based on the white race, sample size, and
source of controls. With respect to the GP6 rs1613662
polymorphism, we detected that the A allele was a risk factor
in the occurrence of VTE in the dominant model. Similarly, an
obvious relationship was identified in subgroup analyses in light
of ethnicity, sample size, and source of controls. Meanwhile, the
heterogeneity across all of the studies was not prominent.
Detailed results are presented in Table 3 and Supplementary
Fig. S1 (http://links.lww.com/MD/B631).

3.5. Sensitivity analysis and publication bias

In the sensitivity analysis, the influence of each study on the
pooled OR was assessed by repeating the meta-analysis while

http://links.lww.com/MD/B631


Figure 2. Forest plot of the association between the FGG rs2066865 polymorphism and VTE (codominant model). FGG = fibrinogen gamma, VTE = venous
thromboembolism.
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omitting each study, 1 at a time. To our surprise, the positive
association between the SERPINC1 rs2227589 polymorphism
and VTE risk turned out to be negative (Fig. 3) after removing the
same study.[13] The sensitivity analyses of other polymorphisms
certified that our results were reliable and robust.
Begg’s funnel plot and Egger’s test were performed to evaluate

the publication bias of the literatures (Supplementary Figs. S2 and
S3, http://links.lww.com/MD/B631). The shapes of the funnel
plots seemed symmetrical for all of the polymorphisms. Then, the
Egger’s test was used to provide statistical evidence of funnel plot
symmetry. Finally, the results only revealed that there was
potential publication bias existed in the best genetic model for the
SERPINC1 rs2227589 polymorphism (P=0.023).
3.6. Trial sequential analysis

For the F11 rs2036914 and FGG rs2066865 polymorphisms, the
number of patients reached the optimal information size and the
blue cumulative Z curve crossed the red trial sequential
monitoring boundary, which confirmed our positive results. As
for the F11 rs2289252, CYP4V2 rs13146272, and GP6
rs1613662 polymorphisms, although the number of patients
did not exceed the required information size, the blue cumulative
Z curve crossed the red trial sequential monitoring boundary,
which verified the reliability of our results. With respect to the
EPCR rs9574, FGG rs1049636, and SERPINC1 rs2227589
polymorphisms, actually accrued number of participants did not
meet the needs and the blue cumulative Z curve did not cross the
trial sequential monitoring boundary. More studies are
demanded for these 3 polymorphisms to get a solid conclusion.
5

The results of TSA are shown in Fig. 4 and Supplementary Fig. S4
(http://links.lww.com/MD/B631).

4. Discussion

VTE is always regarded as a multifactorial disease with both
established environmental and genetic risk factors.[40] The
recognition thatVTE is closely related to the genetic predisposition
dates back to the 1960s. Jordan and Nandorff[41] were the first, in
1956, to report the familial tendency in thromboembolic disease.
Two recognized and well-characterized genetic risk factors for
VTE are the factor V Leiden R506Q and the prothrombin
G20210A polymorphisms, which can increase the risk of DVT in
carriers by 3- to 5-fold.[25,42] Other polymorphisms, such as SNPs
in the EPCR, F11, FGG, CYP4V2, SERPINC1, and GP6 genes,
have been reported to be related to VTE. Nevertheless, most
conclusionswere based on single case–control studies whichmight
lead to false-positive or false-negative results. Pooling all available
data using a genetic meta-analysis strategy can overcome the
problemof insufficient sample size.Akeybenefit of this approach is
the aggregation of information leading to a higher statistical power
and more robust point estimate than is possible from the measure
derived from any individual study.[43] The present meta-analysis
and TSA demonstrated that the F11 rs2289252, F11 rs2036914,
FGG rs2066865, and CYP4V2 rs13146272 polymorphisms
played important roles in the development of VTE in the white
race. The EPCR rs9574, FGG rs1049636, SERPINC1 rs2227589,
and GP6 rs1613662 polymorphisms might be associated with the
risk ofVTE, butmore studies involving different raceswere needed
to support their associations.

http://links.lww.com/MD/B631
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Figure 3. Sensitivity analysis for the SERPINC1 rs2227589 polymorphism
under the overdominant model.

Jiang et al. Medicine (2017) 96:13 www.md-journal.com
4.1. The rs9574 polymorphism in EPCR

Medina et al[30] recruited 405 VTE patients and 401 unrelated
controls and found that the EPCR rs9574 polymorphism might
be involved in the development of VTE; however, Uitte de
Willige et al[37] and Karabiyik et al[35] held an opposite
Figure 4. Trial sequential analyses of (A) the EPCR rs9574 polymorphism, (B) the
the SERPINC1 rs2227589 polymorphism. The heterogeneity-corrected optimal info
a beta of 20%. The blue dash line represents the cumulative Z-score of the meta
boundaries. The inward sloping red lines represent the truncated trial sequential mo
= fibrinogen gamma.

7

viewpoint. They suggested no association between this
polymorphism and VTE susceptibility. In our meta-analysis,
pooled data indicated that there was a significant association
between EPCR rs9574 and the risk of VTE in 3 genetic models
aftermultiple testing adjustment. EPCR, a key component in the
PC pathway, can bind to PC and also activated protein C with
high affinity and promote PC activation by increasing the
catalytic efficiency of the thrombin–thrombomodulin com-
plex.[44] The possible explanation for the significant association
is that the polymorphism may affect the activity of EPCR and
further lead to a change of the PC pathway. In our opinion, the
discrepancies of the results might partly attribute to different
study designs, different study populations, SNP interaction, and
the like. It is acknowledged that age and gender are risk factors
for VTE.[45] In the subgroup analysis, no association between
the rs9574 polymorphism and VTE risk was observed when we
merely included the studies that declared the controls were age-
and sex-matched, which suggested that study populations
might interfere with the results. The study of Navarro et al[31]

showed that the association between the rs9574 polymorphism
and VTE did not reach statistical significance in carriers of the
prothrombin G20210A polymorphism, which revealed that
SNP interaction might play a role in different results. In
addition, it was worth noting that the result of TSA reminded us
to keep a cautious attitude toward the positive relationship.
F11 rs2289252 polymorphism, (C) the FGG rs2066865 polymorphism, and (D)
rmation size was based on a relative risk reduction of 10%, an alpha of 5%, and
-analysis. The red straight lines represent the conventional P=0.05 statistical
nitoring boundaries. EPCR = endothelial cell-activated protein C receptor, FGG

http://www.md-journal.com
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More studies were urgently needed to verify the association
between the rs9574 polymorphism and VTE risk and further
illustrate potential mechanisms.
4.2. Polymorphisms in F11 and CYP4V2

FXI, a unique coagulase, is shown as a zymogen in plasma, which
contributes to the process of coagulation cascade amplification.[7] It
is indicated that the thrombotic potential of FXI could be explained
by both the ability of FXIa to promote the extrinsic pathway of
thrombin generation via inactivation of tissue factor pathway
inhibitor (TFPI) and by the feedback activation of FXI by thrombin
to further amplify the extrinsic pathway.[46] In the past decade, 2
polymorphisms at the F11 locus, rs2289252 and rs2036914, were
most studied and appeared to be associated with VTE. In our work,
the ORs of the associations between these 2 polymorphisms and
VTE were statistically significant under all of the genetic models in
the overall and subgroup analyses. We speculated that polymor-
phisms in F11might affect the activity and function of FXI, resulting
in the alteration of the FXI level and further lead to the formation of
VTE via above-mentioned mechanisms. Besides, another polymor-
phism inCYP4V2 (rs13146272) that is located close to the F11 gene
was reported to be associated with VTE in a previously published
genome-wide association study (GWAS) conducted by Bezemer
et al.[13] Our meta-analysis indicated that available epidemiologic
studieswere consistentwith the Bezemer’s original report. Li et al[25]

probed that the rs13146272 polymorphism was in linkage
disequilibrium with rs2289252 and rs2036914 in the F11 gene.
They supposed that the association of rs13146272 with VTE and
FXI levels might be because of the presence of the risk allele
for rs13146272 on a common haplotype that included the risk
alleles for 2 polymorphisms in the F11 gene. Austin et al[29] and
Rovite et al[24] further performed validation studies and supported
this hypothesis. Therefore, it was not surprising that we found
the rs13146272C allele to be a risk factor in VTE. Although final
TSA affirmed our positive results, we advised that more large-scale
experiments were still needed to support this conclusion in diverse
races.
4.3. Polymorphisms in FGG, SERPINC1, and GP6

Two novel polymorphisms in the FGG gene (rs2066865 and
rs1049636) were first proposed as novel risk factors for VTE in
the Leiden Thrombophilia Study by Uitte deWillige et al.[23] They
considered that polymorphisms in the FGG gene increased the
risk for VTE by reducing fibrinogen g’ levels and reducing ratios
of fibrinogen g’ to total fibrinogen. Then many researchers tried
to verify the associations in different ethnicities. However, the
results were quite different. Uitte de Willige et al[15] conducted a
validation research in a second cohort in 2009 and demonstrated
that rs2066865 and rs1049636 polymorphisms influenced
VTE risk merely in the Caucasian population but not in the
African–American population. Ko et al[39] declared that
rs2066865 and rs1049636 polymorphisms were irrelevant to
VTE in a Chinese population. In our meta-analysis, the results
were accorded with the discrepancy in different race. When we
conducted stratified analysis according to the race, the positive
association tended to be insignificant in the non-white race. Even
though the exact mechanism for the ethnic discrepancy was not
well known, some reasons may account for it. One is that it may
be because of the differences in the underlying genetic back-
grounds, environmental factors, or lifestyles in different popula-
tion studied. In addition, different minor allele frequency might
8

be a reflection of natural selection stresses or a balance by other
related functional polymorphisms.
Egeberg[47] was the first to show that the antithrombin (AT)

deficiency was a risk factor for VTE in 1965. AT deficiency is
owing to the polymorphisms in the SERPINC1 gene encoding
AT.[48] SERPINC1 rs2227589 was the most studied polymor-
phism which was found to be related to VTE in LETS and
MEGA studies conducted by Bezemer et al.[13] However, Austin
et al[29] failed to observe any statistically significant association
between the rs2227589 polymorphism and VTE in both the
white race and the black race. Austin et al further performed a
meta-analysis including 5 verification case–control studies
(including the 3 reported by Tregouet et al[49]) and combined
the OR values of 5 studies. The pooled overall OR was in line
with the findings of Bezemer et al. But it was strange that only
the result of the Bezemer et al’s study was significant. The
pooled overall OR became statistically insignificant when we
removed the Bezemer et al’s study and recombined the OR
values. In our meta-analysis, Tregouet et al’s study was not
included as we did not obtain the original data, but we
additionally included 2 recently published studies.[24,27] Sensi-
tivity analysis revealed that Bezemer et al’s study might
influence the reliability and accuracy of our results. The
significant association turned to be meaningless after we
removed the MEGA2 study, which was similar to the results
got by Austin et al. TSA also required us to include more studies
to validate the actual relationship between the rs2227589
polymorphism and VTE. With respect to the GP6 rs1613662
polymorphism, the similar situation resembled to rs2227589
was happened. The significant association no longer existed on
removing the MEGA2 study in both Austin et al’s meta-analysis
and this study. Although TSA showed that the results of the GP6
rs1613662 had statistical reliability, we should keep skeptical of
the association and more studies are demanded to eliminate
false-positive results.
4.4. Limitations of this study

Despite the overall robust statistical evidence generated through
this analysis, some limitations should be addressed. First, our
results were based on unadjusted estimates, whereas a more
precise analysis should be performed if all individual raw data
were available, which would allow for the adjustment by other
confounders, including age, gender, activity condition, and
lifestyle. Second, VTE is a multifactorial disease that results from
complex interactions among many genetic and environmental
factors. Hence, more detailed subgroup analyses and combined
effects analyses of different SNPs are required. Third, the
majority of original studies were from Caucasians and data
involving other ethnicities were limited. Therefore, it was
doubtful whether the obtained conclusions were generalizable
to other populations. Finally, the sample size was still relatively
small for some polymorphisms.
5. Conclusion and recommendations

In conclusion, our meta-analysis with TSA showed the important
role of rs2289252, rs2036914, rs2066865, and rs13146272
polymorphisms in the development of VTE in the white race.
Rs9574, rs1049636, rs2227589, and rs1613662 polymorphisms
might be risk factors of VTE, but more evidences were demanded.
We believed that the identification of VTE susceptible variants
can provide new insight into its etiology. Well-established genetic
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markers surely would contribute to the early screening and
prevention of VTE. Therefore, we recommend the following:
first, it is unlikely that applying a single SNP to predict a
polygenic disease. A combination of genetic markers and clinical
risk factors should be advocated for the sake of accuracy. Also,
we previously mentioned that only 2 studies investigated the
yellow race and only 3 studies were involved in the black race.
Larger scale studies and combined analyses are warranted to
further confirm ethnic difference in effect of these polymorphisms
on VTE risks. Last but not the least, more basic researches are
demanded to clarify underlying biologic mechanisms that drive
the positive associations between these polymorphisms and VTE.
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