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Abstract Vascular endothelial growth factor (VEGF) is involved in embryonic development, decidual vascularization and placenta
angiogenesis. This study was performed to determine whether there is an association between genetic polymorphisms in the VEGF
gene and the development of recurrent implantation failure (RIF) in Korean women. A total of 119 women diagnosed with RIF and
236 control subjects were genotyped for VEGF polymorphic sites including rs833061 (-460T>C), rs25648 (-7C>T) and rs3025020 (-583C>T)
using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assays and real-time PCR. The VEGF rs833061
C allele and rs25648 T allele were significantly associated with increased RIF risk (odds ratio [OR] = 1.813 [1.161–2.831], P = 0.009,
OR = 2.213 [1.254–3.903], P = 0.005). The rs833061/rs25648 TC/CT, TC/CT+TT, and rs833061/rs3025020 TC+CC/TT genotypes were
more frequent in the RIF group compared with the control group (OR = 2.130 [1.092–4.156], P = 0.025, OR = 2.130 [1.092–4.156],
OR = 4.261 [1.163–15.620], P = 0.028, respectively). The results of this study suggests that VEGF polymorphisms are associated with
RIF development. Therefore, we postulate that VEGF polymorphisms might be useful markers to predict RIF development. Further
studies are warranted to elucidate the role of VEGF variants and RIF development.
© 2015 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.
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Introduction

Implantation is defined as when the human embryo at-
taches to the epithelium of the uterus and penetrates through
the epithelial lining to embed into the endometrium. In clini-
cal practice, implantation is generally considered success-
ful when the intrauterine gestational sac is identified by
ultrasonography.

Recurrent implantation failure (RIF) is defined as re-
peated failure to achieve a clinical pregnancy following the
transfer of adequate quality of embryos (Coughlan et al.,
2014). Although there is no consensus definition for RIF among
researchers, Polanski et al. proposed defining RIF as the
absence of attachment of the embryo to the womb lining after
two consecutive cycles of IVF, intracytoplasmic sperm injec-
tion (ICSI) or frozen embryo transfer cycles, where the cu-
mulative number of transferred embryos was no less than four
for day-2 embryos and no less than two for day-5 embryos
(blastocysts), using good quality and developmental stage
embryos (Polanski et al., 2014). As with recurrent preg-
nancy loss, there are several suggested causes associated with
RIF, such as gamete/embryo factors, uterine factors, immu-
nological factors and thrombophilic conditions (Choi et al.,
2014; Coughlan et al., 2014).

Of those factors, appropriate endometrium is considered
to be crucial for successful implantation. After the success-
ful implantation, the fetus is supplied with oxygen and nu-
trients through adequate placental development. These two
processes, implantation and placentation, are required for
healthy pregnancy in early stages. Angiogenesis is respon-
sible for these essential processes.

Vascular endothelial growth factor (VEGF) is a key regu-
lator of angiogenesis and vasculogenesis. Single nucleotide
polymorphism (SNP), a DNA sequence variation occurring com-
monly within a population, affects protein expression and func-
tion. There are several reports that VEGF gene polymorphisms
have an association with various obstetrics and gynaecologic
disease development and prognosis (Cheng et al., 2013; Lee
et al., 2010; Perini et al., 2014). In addition, there are reports
that VEGF rs2010963 (+405G/C) genotype and VEGF rs1570360
(-1154A/A) genotype is associated with RIF (Boudjenah et al.,
2012; Goodman et al., 2008).

Other VEGF SNP, including rs833061 (-460T>C), rs25648
(-7C>T) and rs3025020 (-583C>T), have been reported to affect
VEGF expression and activity (Al-Habboubi et al., 2011; Almawi
et al., 2013). However, there are a limited number of studies
that evaluate the association between VEGF polymorphism
and RIF development in Korean subjects.

The objective of this study was to elucidate the associa-
tion between VEGF polymorphisms (rs833061 T > C and rs25648
C > T, and rs3025020 C > T) and RIF in Korean subjects.

Materials and methods

Study participants

This study was a prospective case-control study. Blood samples
were collected from 119 subjects with RIF (mean age ± SD,
34.22 ± 3.35 years), and 236 control participants (mean age
± SD, 33.36 ± 5.81). The study population consisted of par-

ticipants recruited from the Department of Obstetrics and Gy-
necology of CHA Bundang Medical Center, CHA University
(Seongnam-si, Korea) between March 2010 and December
2012. The Institutional Review Board of CHA Bundang Medical
Center reviewed and approved the study on 23 February 2010
(reference no. PBC09–120). Informed consent was obtained
from all participants.

RIF was defined as failure to achieve pregnancy after two
completed fresh IVF–embryo transfer (IVF–ET) cycles with
more than 10 cleaved embryos. Serum human chorionic go-
nadotrophin (HCG) concentrations were less than 5 mIU/ml
14 days after embryo transfer. All transferred embryos were
examined by the embryologist before transfer and judged to
be of good quality. Both the male and female partner of
couples experiencing recurrent implantation failure were
evaluated. The following exclusion criteria are commonly
adopted to diagnose RIF. Subjects who were diagnosed with
RIF due to anatomic, chromosomal, hormonal, infectious, au-
toimmune or thrombotic causes were excluded from the study
group. Anatomical abnormalities were evaluated using several
imaging methods, including sonography, hysterosalpingogram,
hysteroscopy, computerized tomography and magnetic reso-
nance imaging. Karyotyping was conducted using standard pro-
tocols. By measuring the concentrations of prolactin, thyroid-
stimulating hormone, free T4, follicle-stimulating hormone,
luteinizing hormone and progesterone in peripheral blood, hor-
monal causes were excluded, including hyperprolactinaemia,
luteal insufficiency and thyroid disease. Lupus anticoagu-
lant and anticardiolipin antibodies were examined for auto-
immune causes such as lupus and antiphospholipid syndrome.
Thrombotic causes were defined as thrombophilia, and were
evaluated by protein C and protein S deficiencies and by the
presence of anti-α2 glycoprotein antibody. Semen analysis,
karyotyping and hormonal assays, including oestradiol, tes-
tosterone, FSH and LH, were performed for male partners.
Among the initial 152 patients who were enrolled for the study,
33 subjects who had Müllerian anomaly, hypothyroidism, chro-
mosomal abnormality or antiphospholipid syndrome were ex-
cluded from the patient group, leaving 119 patients for the
study.

Enrolment criteria for the control group included regular
menstrual cycles, normal karyotype (46XX), a history of at least
one naturally conceived pregnancy and no history of preg-
nancy loss including abortion history. Data were collected iden-
tically for all groups.

Genotyping

Peripheral blood samples were collected for genotyping.
Genomic DNA was extracted from anticoagulated periph-
eral blood using a G-DEX for blood Genomic DNA Extraction
Kit (iNtRON Biotechnology, Seongnam, Korea). Nucleotide
changes were examined using PCR-restriction fragment length
polymorphism (PCR-RFLP) analyses (rs3025020) or real-time
PCR (rs833061, rs25648). VEGF rs833061T>C, rs25648 C > T
and rs3025020C>T were selected using the human genome SNP
database (dbSNP: www.ncbi.nlm.nih.gov/snp). The PCR
primers used in this study are shown in Supplementary
Table S1. Restriction enzyme digestion for PCR-RFLP was per-
formed using the following enzyme and conditions:MspI (VEGF
rs3025020; New England BioLabs, Ipswich, MA) at 37°C for 16 h.
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Three independent investigators confirmed the genotype
results determined by RFLP on identical samples with match-
ing conditions. Genotypes were further confirmed by se-
quencing 20% of the samples by random selection. Real-
time PCR was performed using the allelic discrimination
method. TaqMan SNP genotyping assays (Applied Biosystems,
Foster City, CA) were used. TaqMan probes were available di-
rectly from Applied Biosystems, and reactions were per-
formed in 10 μl on a StepOne Real-time PCR System as
recommended by the manufacturer (Applied Biosystems).

Statistical analyses

Differences in genotype and allele combination frequencies
between RIF subjects and controls were compared using mul-
tivariate logistic regression and Fisher’s exact tests, respec-
tively. Allele frequencies were calculated to identify deviations
from Hardy–Weinberg equilibrium (HWE) using P = 0.05 as a
threshold. Since the inferences of this study are derived as
a result of multiple testing, the Benjamini and Hochberg strat-
egy has been adopted, which effectively reduces the poten-
tial impact of spurious significant results (Benjamini and
Hochberg, 1995). Odds ratios (OR) and 95% confidence inter-
vals (CI) were used to measure the strength of association
between genotypes and RIF. Two-tailed P-values less than 0.05
were considered statistically significant.

Gene–gene interactions among SNP loci were analysed using
the log-linear model-based multifactor dimensionality re-
duction (LM-MDR) and MDR software version 2.0 (available at
www.epistasis.org) (Hahn et al., 2003; Lee et al., 2007; Ritchie
et al., 2001). The allele combination frequencies for the se-
lected models by MDR analysis were estimated using the
HAPSTAT program version 3.0 (www.bios.unc.edu/~lin/
hapstat). Statistical analyses were performed using GraphPad
Prism 4.0 (GraphPad Software Inc., San Diego, CA) and
StatsDirect software version 2.4.4 (StatsDirect Ltd., Altrin-
cham, UK). The statistical power was calculated using
G*POWER 3.0 (Institut für Psychologie, Christian-Albrechts-
Universität Kiel, Kiel, Germany).

Results

The demographic characteristics of study participants are pre-
sented in Table 1. The genotypic distribution and allele fre-

quencies of rs833061, rs25648 and rs3025020 were determined.
Table 2 represents the distribution of the rs833061, rs25648
and rs3025020 genotypes and allelic frequencies for all groups.
All VEGF polymorphic sites that were analysed showed poly-
morphisms, which occurred in HWE in all groups. The minor
allele frequencies of the three polymorphisms (rs833061 T >
C, rs25648 C > T, rs3025020 C > T) were 23.1%, 6.4% and 35.2%
in control group participants and 32.4%, 12.2% and 34.5% in
the RIF group, respectively. The rs833061 TC+CC genotype was
associated with an increased prevalence of RIF (OR = 1.813,
95% CI = 1.161–2.831, P = 0.009). The frequency of the rs25648
CT genotype was significantly higher in the RIF group com-
pared with control (OR = 2.213, 95% CI = 1.254–3.903, P =
0.005). For the rs3025020 genotype, there was no statisti-
cally significant difference between the control and RIF groups.

Next, combination analyses were performed for these VEGF
gene polymorphisms (Table 3). The combination analyses re-
vealed that the rs833061 TC/rs25648 CT and rs833061 TC+CC/
rs3025020 TT genotypes were more frequently observed in RIF
patients compared with control subjects (OR = 2.130, 95% CI
= 1.092–4.156, P = 0.025, OR = 4.261, 95% CI = 1.163–
15.620, P = 0.028).

The rs833061 C allele was associated with RIF. According
to the combination analyses, this association was main-
tained when the rs833061 genotype was combined with rs25648
or rs3025020. Therefore, both individual and combined analy-
ses suggested that the rs833061 TC genotype is associated with
RIF development. MDR-based allele combination analyses of
the three VEGF polymorphisms were conducted to examine
whether there are synergistic effects on RIF risk by polymor-
phic site interactions (Table 4). Three allele combination
analyses indicated that rs833061/rs25648/rs3025020 C-C-T and
C-T-T genotypes exerted synergistic effects on increased RIF
risk (OR = 1.991, 95% CI = 1.056–3.753, P = 0.031 and OR =
17.880, 95% CI = 0.953–335.300, P = 0.013, respectively).
Among the models of two loci, the rs833061/rs3025020 C-T
genotype and rs833061/rs25648 C-T genotype were associ-
ated with increased RIF prevalence (OR = 2.741, 95% CI =
1.460–5.145, P = 0.001 and OR = 1.984, 95% CI = 1.106–
3.560, P = 0.020, respectively).

Furthermore, power analyses were conducted to detect
associations in this case-control study at the 5% significance
level. The power varies for an OR by the proportion of ex-
posure in the control group. The sample size of 236 controls
and 119 subjects in the study group could have statistical
power to detect an OR of 2.0 when the proportions of

Table 1 Clinical characteristics of idiopathic recurrent implantation failure (RIF) pa-
tients and control subjects.

Characteristic
Control (n = 236) RIF (n = 119)

Age (years, mean ± SD) a 33.36 ± 5.81 34.22 ± 3.35
BMI (kg/m2, mean ± SD) a 21.72 ± 3.41 20.96 ± 2.52
Previous pregnancy losses (n, mean ± SD) None NA
Previous implantation failure (n, mean ± SD) None 4.75 ± 2.29
Live birth (n, mean ± SD) 1.71 ± 0.71 None
Mean gestational age (week, mean ± SD) 39.28 ± 1.67 None

BMI = body mass index; NA = not applicable.
aNo statistically significant difference (Student t-test).
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exposure in the control were 20% (power = 76.1%), 30% (power
= 75.1%) and 40% (power = 82.4%). Additionally, this sample
size has reasonable power to detect an OR of 0.5 for the pro-
portions of 20% (power = 61.6%), 30% (power = 75.1%) and 40%
(power = 82.4%) in the control.

Discussion

This study evaluated the possible association between three
VEGF SNP (rs3025020, rs833061 and rs25648) and RIF devel-
opment in Korean women. The SNP evaluated in the study were
selected because they were reported to be correlated with
VEGF protein expression and few studies have evaluated their
association with RIF. The data compared genotype frequen-
cies of these polymorphisms and demonstrated that the
rs833061 C allele and rs25648 T allele were associated with
RIF development.

Successful implantation is a complex process between
mother and embryo. There are several factors affecting that
complicated process, including uterine factors, immuno-
logic factors, thrombophilic factors and embryonic factors.
In this study, the subjects who were diagnosed with uterine
anomaly and underlying medical disease were excluded. In
addition, an embryologist evaluated embryo quality for IVF.
Therefore, in this study, we may assume that VEGF polymor-
phism is confined to endometrial factors for implantation
failure.

The intrauterine concentration of VEGF during the men-
strual cycle was determined in humans (Licht et al., 2003).
The cycle-dependent nature of VEGF was observed with in-
creasing concentrations during the late secretory and pre-
menstrual phases. In addition, VEGF concentration was

correlated with the decidualization marker of endome-
trium, IGFBP-1. Sugino et al. also examined the expression
of VEGF and its receptors throughout the menstrual cycle and
in early pregnancy (Sugino et al., 2002). VEGF and its recep-
tor expression increased mid secretary phase compared with
proliferative phase during normal menstrual cycle. Decidual
cells strongly expressed VEGF in early pregnancy. The authors
concluded that VEGF contributes to successful implantation
and maintenance of pregnancy by increasing vascular per-
meability or forming vascular network in the deciduas.
Kapiteijin et al. cultured human embryos in VEGF condi-
tioned media (Kapiteijn et al., 2006). The study showed that
VEGF induced human embryo to stimulate endometrial an-
giogenesis in an in-vitro model. Combining these results, VEGF
is a key regulator in angiogenesis and decidualization of the
endometrium, which are essential processes for successful
pregnancy.

The SNP rs833061 is located in the promoter region of VEGF.
Stevens et al. suggested that rs833061 genotype alter pro-
moter activity and responsiveness in their haplotype analy-
sis (Stevens et al., 2003). Almawi et al. reported that there
was a progressive decline in serum VEGF concentration as the
subjects had more rs833061 C allele (Almawi et al., 2013).
In addition, the authors demonstrated that serum VEGF con-
centration was significantly reduced in subjects diagnosed with
recurrent pregnancy loss than in control subjects. This ob-
servation is consistent with our result.

The rs25648 is located in the 5‘ untranslated region of the
gene. The TT genotype of the rs25648 was associated with a
higher concentration of serum VEGF in the southern Italy popu-
lation (Ruggiero et al., 2011). It was reported that CT and TT
genotypes of rs25648 resulted in higher levels of VEGFmRNA
expression in colorectal cancer (Yamamori et al., 2004). These

Table 2 Genotype frequencies of VEGF (rs833061T>C, rs25648C>T and rs3025020C>T) polymorphisms in recurrent implantation failure
patients and control subjects.

Genotype
Control (n = 236) RIF (n = 119) OR (95% CI) Pa Pb Statistical power (%)

VEGF rs833061T>C no. (%) no. (%)
TT 136 (57.6) 51 (42.9) 1.000 (reference) − − −
TC 91 (38.6) 59 (49.6) 1.729 (1.092–2.737) 0.019 0.029 66.6
CC 9 (3.8) 9 (7.6) 2.667 (1.002–7.095) 0.043 NS 48.6
TC+CC − − 1.813 (1.161–2.831) 0.009 0.014 74.7

HWE P-value 0.189 0.148 − − − −
VEGF rs25648C>T

CC 206 (87.3) 90 (75.6) 1.000 (reference) − − −
CT 30 (12.7) 29 (24.4) 2.213 (1.254–3.903) 0.005 0.016 75.6
TT − − NA NA NA −
CT+TT − − 2.213 (1.254–3.903) 0.005 0.014 −

HWE P-value 0.297 0.13 − − − −
VEGF rs3025020C>T

CC 94 (39.8) 50 (42.0) 1.000 (reference) − − −
CT 118 (50.0) 56 (47.1) 0.892 (0.559–1.425) NS NS 7.8
TT 24 (10.2) 13 (10.9) 1.018 (0.478–2.172) NS NS 4.9
CT+TT − − 0.914 (0.584–1.430) NS NS 6.8

HWE P-value 0.138 0.648 − − − −

CI = confidence interval; HWE = Hardy–Weinberg equilibrium; NA = not applicable; NS = not significant; OR = odds ratio; RIF = recurrent im-
plantation failure.
aChi-square test.
bFalse discovery rate-adjusted P-value for multiple hypotheses testing using the Benjamini–Hochberg method.
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results suggested that rs25648 T genotypes increased serum
VEGF concentration by increasing VEGFmRNA expression. Ac-
cording to these results, it could be expected that the sub-
jects with rs25648 C genotype were more likely to experience
RIF. However, the patients with rs25648 CT+TT genotypes
showed an increased risk of RIF development in this study (OR
= 2.213, 95% CI = 1.254–3.903, P = 0.005). These results were
not consistent with the previous observations. Similar results
were observed in other studies. In 2011, Al-Habboubi et al.
evaluated the distribution of VEGF polymorphism and the
effect of those SNP on VEGF expression in serum in Arab popu-

lations (Al-Habboubi et al., 2011). The authors demon-
strated that rs2010963 genotypes did not affect serum VEGF
concentration. However, Boudjenah et al. reported that VEGF
rs2010963 (+405G/C) genotype was higher in women with im-
plantation failure after IVF than in control (Boudjenah et al.,
2012). Goodman et al. showed that VEGF rs1570360 (-1154A/
A) genotype was more frequently observed in women expe-
riencing recurrent implantation failure than in fertile women
(Goodman et al., 2008). However, there was no difference
in serum VEGF concentration among rs1570360 GG, GA and
AA genotypes (Al-Habboubi et al., 2011).

Table 3 Genotype combination analyses of VEGF (rs833061T>C, rs25648C>T, rs3025020C>T) polymorphisms in recurrent implanta-
tion failure.

Combined genotype
Control (n = 236) RIF (n = 119) OR (95% CI) P-valuea P-valuec Statistical

power (%)

VEGF rs833061T>C/rs25648C>T
TT/CC 133 (56.4) 57 (47.9) 1.000 (reference) − − −
TT/CT 3 (1.3) 0 (0.0) 0.332 (0.017–6.530) NSb NS 19.4
TT/TT 0 (0.0) 0 (0.0) NA NA NA −
TT/CT+TT − − 0.332 (0.017–6.530) NSb NS 19.4
TC/CC 68 (28.8) 32 (26.9) 1.098 (0.651–1.851) NS NS 6.5
TC/CT 23 (9.7) 21 (17.6) 2.130 (1.092–4.156) 0.025 NS 60.4
TC/TT 0 (0.0) 0 (0.0) NA NA NA −
TC/CT+TT − − 2.130 (1.092–4.156) 0.025 NS −
CC/CC 5 (2.1) 6 (5.0) 2.800 (0.821–9.551) NS NS 30.6
CC/CT 4 (1.7) 3 (2.5) 1.750 (0.379–8.075) NSb NS 6.8
CC/TT 0 (0.0) 0 (0.0) NA NA NA
CC/CT+TT − − 1.750 (0.379–8.075) NSb NS 6.8
VEGF rs833061T>C/rs3025020C>T
TT/CC 49 (20.8) 23 (19.3) 1.000 (reference) − − −
TC/CC 40 (16.9) 24 (20.2) 1.278 (0.630–2.596) NS NS 12.7
CC/CC 5 (2.1) 3 (2.5) 1.278 (0.281–5.816) NSb NS 4.2
TC+CC/CC − − 1.278 (0.643–2.543) NS NS 13.6
TT/CT 67 (28.4) 23 (19.3) 0.731 (0.369–1.452) NS NS 23.7
TC/CT 47 (19.9) 28 (23.5) 1.269 (0.642–2.509) NS NS 13.4
CC/CT 4 (1.7) 5 (4.2) 2.663 (0.653–10.860) NSb NS 21.7
TC+CC/CT − − 1.379 (0.712–2.671) NS NS 22.1
TT/TT 20 (8.5) 5 (4.2) 0.533 (0.178–1.597) NS NS 30.2
TC/TT 4 (1.7) 7 (5.9) 3.728 (0.991–14.03) NSb NS 45.8
CC/TT − 1 (0.8) 6.319 (0.248–161.200) NSb NS 89.1
TC+CC/TT − − 4.261 (1.163–15.620) 0.028b NS 57.8
VEGF rs25648C>T/rs3025020C>T
CC/CC 77 (32.6) 38 (31.9) 1.000 (reference) − − −
CT/CC 17 (7.2) 12 (10.1) 1.430 (0.621–3.297) NS NS 11.9
TT/CC 0 (0.0) 0 (0.0) NA NA NA −
CT+TT/CC − − 1.430 (0.621–3.297) NS NS 11.9
CC/CT 105 (44.5) 45 (37.8) 0.868 (0.515–1.464) NS NS 9.8
CC/CT 13 (5.5) 11 (9.2) 1.715 (0.703–4.185) NS NS 19.2
TT/CT 0 (0.0) 0 (0.0) NA NA NA −
CT+TT/CT − − 1.715 (0.703–4.185) NS NS −
CC/TT 24 (10.2) 12 (10.1) 1.013 (0.458–2.243) NS NS 4.9
CT/TT 0 (0.0) 1 (0.8) 6.039 (0.240–151.800) NSb NS <1
TT/TT 0 (0.0) 0 (0.0) NA NA NA −
CT+TT/TT − − 6.039 (0.240–151.800) NSb NS −

CI = confidence interval; NA = not applicable; NS = not significant; OR = odds ratio; RIF = recurrent implantation failure.
aChi-square test.
bFisher’s exact test.
cFalse discovery rate-adjusted P-value for multiple hypotheses testing using the Benjamini–Hochberg method.
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There are several possible explanations for these discrep-
ancies among VEGF SNP, serum VEGF concentrations and RIF.
The VEGF SNP show different effects on serum VEGF concen-
trations according to the population (Ruggiero et al., 2011).
Three isolated populations in Italy were examined to find spe-
cific polymorphisms in VEGF gene associated with a varia-
tion in protein concentration. In the study, the authors found
that none of the SNP influencing serum VEGF concentra-
tions in one population was associated with the others. In ad-
dition, there was a discrepancy between rs833061 genotypes
and serum VEGF concentration according to the researchers
even in the similar Bahrain population (Al-Habboubi et al.,
2011; Almawi et al., 2013). This study did not examine the
VEGF protein concentrations in serum according to the VEGF
SNP. There are not enough data about the relationship
between VEGF genotypes and serum VEGF protein expres-
sion. Secondly, there are ethnic differences in MAF of VEGF
SNP (Xu et al., 2012). Recently, endocrine gland-derived vas-
cular endothelial growth factor has been identified as a spe-
cific placental angiogenic factor involved in physiological and
pathological processes such as recurrent pregnancy loss
(LeCouter et al., 2001; Su et al., 2010). The effect of VEGF
gene polymorphism on endometrium should be considered and
evaluated to answer the question of how VEGF SNP show
various effects without influencing serum VEGF concentra-
tions and RIF development. Although there are few reports
demonstrating how VEGF SNP affect VEGF expression locally

in endometrium, we suggest that VEGF SNP may locally affect
angiogenesis and decidualization in endometrium during im-
plantation and pregnancy maintenance in early pregnancy.

There are several limitations in the study. Firstly, the serum
VEGF concentrations in our population were not examined.
There are few studies evaluating the contribution of each VEGF
polymorphism to serum VEGF expression in Korea (Kim et al.,
2009). In that study, the authors showed that VEGF 936 C/T
polymorphism was associated with plasma concentrations of
VEGF in the patients with type 2 diabetes. Secondly, func-
tional studies for VEGF SNP were not performed to eluci-
date the RIF-related pathogenesis. Although several studies
have reported an association between VEGF polymorphisms
and RIF, few have evaluated the pathogenesis by which VEGF
polymorphisms affect implantation and early pregnancy. This
study could not propose a detailed pathogenesis by which VEGF
polymorphism affects successful implantation. Thirdly, VEGF
expression depending on VEGF SNP genotypes in local tissue
such as decidua was not examined. The VEGF expression in
decidua is more important than in serum. Lastly, the sample
size of RIF group is not big enough to sufficiently provide
enough statistical power in demonstrating associations
between VEGF SNP and RIF.

To the best of our knowledge, this is the first study to in-
vestigate the association between rs833061, rs3025020 and
rs25648 and the prevalence of RIF in a Korean population. In
this study, we demonstrated an association between the VEGF

Table 4 Haplotype frequencies of VEGF (rs833061T>C, rs25648C>T, rs3025020C>T) polymorphisms in recurrent implantation failure.

Haplotype
Control
(2n = 472)

RIF
(2n = 238)

OR (95% CI) P-valuea P-valuec Statistical
power (%)

VEGF rs833061T>C/rs25648C>T/
rs3025020C>T

T-C-C 219 (46.4) 110 (46.2) 1.000 (reference) − − −
T-T-C 0 (0.0) 0 (0.0) NA NA NA −
C-C-C 60 (12.7) 25 (10.5) 0.830 (0.493–1.395) NS NS 12.7
C-T-C 27 (5.7) 20 (8.4) 1.475 (0.792–2.747) NS NS 21.2
T-C-T 140 (29.7) 57 (23.9) 0.811 (0.552–1.190) NS NS 22.4
T-T-T 3 (0.6) 0 (0.0) 0.284 (0.015–5.546) NSb NS 20.9
C-C-T 22 (4.7) 22 (9.2) 1.991 (1.056–3.753) 0.031 NS 53.9
C-T-T 0 (0.0) 4 (1.7) 17.880 (0.953–335.300) 0.013b NS 49.0
VEGF rs833061T>C/rs3025020C>T
T-C 216 (45.8) 112 (47.1) 1.000 (reference) − − −
C-C 90 (19.1) 44 (18.5) 0.943 (0.615–1.445) NS NS 6.1
T-T 147 (31.1) 55 (23.1) 0.722 (0.491–1.060) NS NS 45.8
C-T 19 (4.0) 27 (11.3) 2.741 (1.460–5.145) 0.001 0.004 86.5
VEGF rs25648C>T/rs3025020C>T
C-C 276 (58.5) 136 (57.1) 1.000 (reference) − − −
T-C 30 (6.4) 20 (8.4) 1.353 (0.741–2.470) NS NS 15.2
C-T 166 (35.2) 78 (32.8) 0.954 (0.680–1.338) NS NS 6.0
T-T 0 (0.0) 4 (1.7) 18.230 (0.974–341.300) 0.013b 0.039 50.9
VEGF rs833061T>C/rs25648C>T
T-C 359 (76.1) 167 (70.2) 1.000 (reference) − − −
T-T 4 (0.8) 0 (0.0) 0.239 (0.013–4.458) NSb NS 28.3
C-C 83 (17.6) 47 (19.7) 1.217 (0.814–1.820) NS NS 15.5
C-T 26 (5.5) 24 (10.1) 1.984 (1.106–3.560) 0.020 NS 59.6

CI = confidence interval; NA = not applicable; NS = not significant; OR = odds ratio; RIF = recurrent implantation failure.
aChi-square test.
bFisher’s exact test.
cFalse discovery rate-adjusted P-value for multiple hypotheses testing using the Benjamini–Hochberg method.
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polymorphisms rs833061 and rs25648 and RIF development.
The data highlight the possibility of VEGF polymorphisms as
genetic markers to predict RIF occurrence. However, future
studies of VEGF polymorphisms with larger sample sizes will
be required to confirm these results. Additionally, our results
warrant additional functional studies to elucidate the func-
tional role of VEGF polymorphisms in the pathogenesis of RIF.
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