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Abstract

Background: Recurrent implantation failure (RIF) is the failure of embryos to implant more than two times in a
given individual. There is debate about a precise definition for RIF, but we consider more than two implantation
failures for individuals who undergo in vitro fertilization-embryo transfer (IVF-ET) to constitute RIF. There are many
potential reasons for RIF, including embryonic factors, immunological factors, uterine factors, coagulate factors, and
genetic factors. Genetic variation has been suggested as one of the contributing factors leading to RIF, and a
number of single-nucleotide polymorphisms (SNPs) have been reported to be associated with RIF. The recent
elucidation of miRNA functions has provided new insight into the regulation of gene expression.

Methods: We investigated associations between polymorphisms in four miRNAs and RIF in 346 Korean women:
118 patients with RIF and 228 controls. We determined the genotypes of the miRNAs in the study participants by
polymerase chain reaction-restriction fragment-length polymorphism (PCR-RFLP) analysis. We analyzed the effects of
genotypes, allele combinations, and environmental and clinical factors on the risk of RIF.

Results: The miR-25 T/miR-125aT/miR-222G (odds ratio (OR), 0.528; 95% confidence interval (CI), 0.282–0.990; P =
0.044) and miR-25 T/miR-125aT allele combinations were associated with a reduced risk of RIF. The miR-25 T/miR-
32C/miR-125aC/miR-222 T allele combination was associated with an increased risk of RIF. The miR-222GT+TT
genotypes interacted with high prothrombin time (≥ 12 s) to increase the risk of RIF.

Conclusions: MicroRNA polymorphisms are significantly different between patients that experience RIF and healthy
controls. Combinations of microRNA polymorphisms were associated with the risk of RIF. Interactions between
environmental factors and genotypes increased the risk of RIF in Korean women.
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Introduction
Recurrent implantation failure (RIF) is when implanted
embryos repeatedly fail. There is debate about a precise
definition for RIF [1–3], but we consider more than two
implantation failures for individuals who undergo

in vitro fertilization-embryo transfer (IVF-ET) to consti-
tute RIF. Many potential reasons for RIF have been re-
ported, including embryonic factors, immunological
factors, uterine factors, coagulate factors, and genetic
factors.
MicroRNAs (miRNAs) are small (approximately 18–

22 nucleotides), non-protein-coding RNAs that regulate
gene expression by causing transcript degradation and
translational repression [4, 5]. Cellular processes, such as
proliferation and apoptosis, are also regulated by miR-
NAs via complementary base-pair binding to 3’UTR
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regions of mRNAs, resulting in mRNA degradation and
translational repression [4]. One study that evaluated
microRNA expression in patients with RIF discovered
that 3800 genes could be regulated by only 13 micro-
RNAs [5]. Another study reported that 313 genes were
upregulated or downregulated in patients with RIF [6].
A study of IVF in rodents revealed that downregulation
of the microRNA 199a-5p was associated with poor
blastocyst development [7].
Maternal vascular development is very important in early

pregnancy [8]. Angiogenesis plays a key role in corpus
luteum development, embryo implantation, and placenta-
tion [8]. Because both angiogenesis and vasculogenesis are
essential during early pregnancy for the proper condition-
ing of the uterus and placenta, high expression levels of
VEGF and KDR are required [9]. Growth factors such as
VEGF and their respective receptors drive the angiogenic
process [8, 9], while other proteins, such as fibrinogen, also
have an effect [8].
VEGF functions to increase cell proliferation, migra-

tion, and differentiation and is highly polymorphic [10].
VEGF has been associated with RIF after IVF-ET with
intracytoplasmic sperm injection [11]. Abnormal mater-
nal expression of VEGF may be associated with abnor-
mal angiogenesis during implantation [12]. A previous
study suggested that miRNAs regulate VEGF expression
[13], implicating miRNAs as a possible cause of implant-
ation failure [14]. KDR is a VEGF receptor that plays an
essential role in angiogenesis in the placenta and fetus
[15]. Additionally, in vivo and in vitro studies showed
that KDR disruption can cause defects in fetal develop-
ment and angiogenesis [16]. During pregnancy, following
fibrinogen-fibrin conversion, the levels of thrombin and
markers of coagulation and fibrinolytic activation are in-
creased [16, 17].
Research shows that miRNAs affecting the expression

of certain genes are associated with various diseases [18,
19] as well as with ovarian function [20, 21]. A recent
study reported that miRNAs are involved in the uterine
condition and affect other stages of pregnancy, such as
implantation [22]. These findings suggest other possibly
important roles of miRNAs in reproduction. We selected
four miRNA polymorphisms (miR-25 rs1527423 T>C,
miR-32 rs7041716 C>A, miR-125a rs12976445 C>T, and
miR-222 rs34678647 G>T) that were previously shown
to impact the regulation of genes related to vascular
function, thrombosis, and angiogenesis, all of which
have been shown to be associated with unexplained
female infertility [23, 24]. Each of these selected poly-
morphisms occurs in miRNAs that bind to the
3’UTRs of VEGF, KDR, and fibrinogen mRNAs. Thus,
we assessed the frequencies of the four miRNA poly-
morphisms in Korean women and analyzed their asso-
ciations with the risk of RIF.

Results
We investigated the relationships between polymor-
phisms in each miRNA (miR-25 T>C, miR-32C>A, miR-
125C>T, and miR-222G>T) and RIF in Korean women.
The demographic clinical profiles of the participants are
presented in Table 1. The controls and the patients with
RIF were matched by age and gender. The PT, aPTT,
and total cholesterol levels were significantly higher (P <
0.05) in the controls than in the patients with RIF. The
genotype frequencies of the patients and controls are
shown in Table 2. There were no significant differences
in genotype frequencies between the patients and the
controls. The reference genotypes of miR-25, miR-32,
miR-125a, and miR-222 were present in 78.5%, 82.0%,
74.6%, and 58.3% of the controls and 79.7%, 79.7%,
83.1%, and 52.5% of the patients with RIF, respectively.
The genotypes of all four miRNAs were in HWE.
To identify associations between allele combinations

and RIF risk, we analyzed combinations of four polymor-
phisms of the miRNA genes (Table 3). The combina-
tions miR-25 T/miR-125aT/miR-222G (AOR, 0.528; 95%
CI, 0.282–0.990; P = 0.044) and miR-25T/miR-125aT
(AOR, 0.510; 95% CI, 0.285–0.913; P = 0.022) were asso-
ciated with a lower risk of RIF. By contrast, the combi-
nations miR-25 T/miR-32C/miR-125aC/miR-222 T
(AOR, 1.496; 95% CI, 1.000–2.237; P = 0.049) and miR-
25T/miR-32C/miR-222T (AOR, 1.585; 95% CI, 1.071–
2.345; P = 0.021) were associated with a greater risk of
RIF.
We analyzed the interactions between coagulation fac-

tors and the miRNAs (Table 4). There were significant
differences in PT, aPTT, uric acid, BUN, creatinine, and
LH levels between RIF and control patients (P < 0.05 for
each comparison). We looked for synergistic interactions
between miRNA polymorphisms and environmental fac-
tors. The miR-222GT+TT genotypes interacted signifi-
cantly with blood coagulation factors to increase the risk
of RIF (P < 0.05); individuals with PT in the upper quar-
tile (PT ≥ 12 s) and those with the miR-222GT+TT ge-
notypes had a dramatically increased risk of RIF.
We performed ANOVA for each group between

miRNA genotypes and the clinical parameters. As shown
in Table 5, creatinine levels decreased when miR-222
polymorphisms changed in control women (P < 0.05).
Furthermore, FSH levels were shown to increase with spe-
cific miR-222 polymorphisms in RIF patients (Table 6).
Therefore, creatinine and FSH levels may be dependent
on miRNA-222 polymorphisms.

Discussion
We examined the interplay between miRNA polymor-
phisms (miR-25 rs1527423 T>C/miR-32 rs7041716
C>A/miR-125a rs12976445 C>T/miR-222 rs34678647
G>T) and RIF risk. First, we compared clinical profiles
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between 228 healthy control individuals and 118 patients
with RIF. There were significant differences in PT,
aPTT, uric acid, BUN, creatinine, and LH between the
patients with RIF and the controls (P < 0.05 for each
comparison). There were no significant differences in
the genotypic frequencies of any of the miRNA poly-
morphisms, even among subgroups, between the pa-
tients and the controls. Analysis of allele
combinations among the miRNAs suggested that the
combinations miR-25 T/miR-125aT/miR-222G and
miR-25 T/miR-125aT had protective effects against
RIF (P < 0.044 and P < 0.022, respectively). Also,
miR-222 rs34678647 interacted significantly with
blood coagulation factor (PT and aPTT) values in the
upper quartile. Alteration of the functional activity of
blood coagulation factors might influence implant-
ation [25]. Several studies have suggested that

thrombophilia might increase the risk of implantation
failure [16].
In this study, we looked for differences in clinical pa-

rameters between RIF and control patients and also be-
tween different miRNA genotypes. We found no
differences in PT, aPTT, or PLT between RIF and con-
trol patients or among the genotypes.
Many miRNAs have important roles in diverse cellular

processes [23], including the regulation of molecular
pathways, adhesive junctions, and cell adhesion in pa-
tients with RIF [5]. MicroRNA-181 inhibits embryo im-
plantation in vivo by inhibiting the expression of
leukemia inhibitory factor [24]. MicroRNAs play import-
ant roles in the regulation of genes that influence endo-
metrial receptivity [26]. Several studies reported
evidence that microRNAs are relevant to RIF in humans.
MicroRNA-30b/d and microRNA-494 were shown to be

Table 1 Clinical profiles of patients with RIF and controls individuals

Characteristics Controls
(n = 228)

RIF
(n = 118)

P value

Age (years) 33.8 ± 3.26 34.1 ± 3.21 0.296

BMI (kg/m2) 21.7 ± 3.31 21.0 ± 2.76 0.084

Previous implantation failure (n) 0 112 N/A

Live births (n) 1.77 0 N/A

Mean gestational age (weeks) 39.2 ± 1.69 0 N/A

PT (s) 11.3 ± 3.12 11.1 ± 1.49 0.0003†

aPTT (s) 30.8 ± 4.62 29.2 ± 3.42 0.024†

PLT (103/μl) 243.3 ± 59.99 233.9 ± 58.49 0.186

Homocysteine (μmol/L) N/A 6.6 ± 1.34 N/A

Folate (mg/ml) 15.0 ± 8.97 15.6 ± 11.29 0.865

Total cholesterol (mg/dl) 229.4 ± 90.57 189.1 ± 44.68 0.062†

Uric acid (mg/dl) N/A 3.9 ± 0.96 N/A

BUN (mg/dl) 8.1 ± 1.83 10.3 ± 2.82 < 0.0001†

Creatinine (mg/dl) 0.7 ± 0.08 0.8 ± 0.10 < 0.0001

E2 (Basal) 26.3 ± 14.72 2465.2 ± 2457.73 < 0.0001†

TSH (mU/L) N/A 2.3 ± 1.43 N/A

FSH (mU/L) 8.2 ± 2.85 8.7 ± 4.52 0.784†

LH (mU/L) 3.3 ± 1.76 4.8 ± 2.29 < 0.0001†

Prolactin (ng/mL) N/A 12.6 ± 6.21 N/A

WBC (103/μl) N/A 7.2 ± 2.86 N/A

Hgb (g/dl) N/A 12.6 ± 1.41 N/A

CD3 (pan T) N/A 66.2 ± 11.28 N/A

CD4 (helper T) N/A 33.9 ± 8.68 N/A

CD8 (suppressor) N/A 29.0 ± 7.85 N/A

CD19 (B-cell) N/A 11.0 ± 4.45 N/A

CD56 (NK cell) N/A 20.0 ± 9.56 N/A

Italicized text indicates significant P values. Data are presented as the mean ± standard deviation
RIF, recurrent implantation failure; BMI, body mass index; PT, prothrombin time; aPTT, activated partial thromboplastin time; PLT, platelet count; BUN, blood urea
nitrogen; E2, estradiol; TSH, thyroid stimulating hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; WBC, white blood cell; Hgb, hemoglobin
†Mann-Whitney test
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differentially regulated in receptive endometrium [27].
Moreover, microRNA-30b was upregulated in patients
with RIF [26]. Furthermore, microRNA-374 was re-
ported to activate the Wnt/β-catenin pathway, which is
associated with implantation [28]. The four miRNAs that

we investigated are known to bind the 3’UTRs of fi-
brinogen, VEGF, and KDR [13], all of which affect im-
plantation [11].
We predicted miRNA targets using miRBase (http://

www.mirbase.org/) and TargetScan (http://www.targetscan.

Table 3 Allele combination analysis for the miRNA polymorphisms in patients and controls using MDR

Allele combinations Overall
(2n = 692)

Controls
(2n = 456)

RIF
(2n = 236)

OR (95% CI) Pa

miR-25 T>C/ miR-32 C>A/ miR-125aC>T/ miR-222G>T

T-C-C-G 0.5035 0.5203 0.4841 1.000 (reference)

T-C-C-T 0.2081 0.1798 0.2482 1.496 (1.000–2.237) 0.049

T-C-T-G 0.0884 0.1026 0.0566 0.575 (0.299–1.106) 0.094

T-C-T-T 0.0047 0.0059 0.0065 1.386 (0.228–8.414) 0.662

T-A-C-G 0.0563 0.0436 0.0797 1.975 (1.014–3.847) 0.042

C-C-C-G 0.0653 0.0527 0.0753 1.559 (0.813–2.989) 0.178

C-C-C-T 0.0124 0.0260 0.0000 0.083 (0.005–1.415) 0.022

C-C-T-G 0.0136 0.0140 0.0191 1.732 (0.518–5.798) 0.352

miR-25 T>C/ miR-125aC>T/ miR-222G>T

T-C-G 0.5598 0.5617 0.5635 1.000 (reference)

T-C-T 0.2253 0.2013 0.2650 1.318 (0.899–1.933) 0.157

T-T-G 0.0949 0.1120 0.0594 0.528 (0.282–0.990) 0.044

T-T-T 0.0087 0.0110 0.0062 0.385 (0.045–3.331) 0.668

C-C-G 0.0783 0.0691 0.0868 1.203 (0.662–2.185) 0.543

C-C-T 0.0152 0.0276 0.0000 0.071 (0.004–1.207) 0.006

C-T-G 0.0141 0.0138 0.0191 1.604 (0.481–5.355) 0.523

C-T-T 0.0037 0.0036 0.0000 0.384 (0.018–8.068) 0.550

miR-25 T>C/ miR-32 C>A/ miR-222 G>T

T-C-G 0.5909 0.6224 0.5405 1.000 (reference)

T-C-T 0.2128 0.1841 0.2554 1.585 (1.071–2.345) 0.021

T-A-G 0.0643 0.0538 0.0824 1.686 (0.896–3.173) 0.102

T-A-T 0.0207 0.0256 0.0158 0.740 (0.234–2.338) 0.785

C-C-G 0.0788 0.0665 0.0940 1.627 (0.903–2.931) 0.103

C-C-T 0.0178 0.0327 0.0000 0.071 (0.004–1.204) 0.007

C-A-G 0.0131 0.0139 0.0119 1.109 (0.273–4.507) 1.000

C-A-T 0.0016 0.0010 0.0000 N/A N/A

miR-25 T>C/ miR-222G>T

T-G 0.6545 0.6739 0.6229 1.000 (reference)

T-T 0.2342 0.2121 0.2712 1.378 (0.950–1.999) 0.090

C-G 0.0926 0.0827 0.1059 1.374 (0.799–2.362) 0.249

C-T 0.0187 0.0313 0.0000 0.072 (0.004–1.214) 0.007

miR-25 T>C/ miR-125aC>T

T-C 0.7844 0.7625 0.8277 1.000 (reference)

T-T 0.1043 0.1235 0.0663 0.510 (0.285–0.913) 0.022

C-C 0.0942 0.0972 0.0875 0.852 (0.492–1.474) 0.566

C-T 0.0170 0.0169 0.0184 0.892 (0.265–3.002) 1.000

Italicized text indicates significant P values
RIF, recurrent implantation failure; OR, odds ratio; 95% CI, 95% confidence interval; N/A, not applicable; MDR, multi-dimensional reduction
aFisher’s exact test
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org/vert_72). We found that miR-25 and miR-32 bind fi-
brinogen, which plays an important role in the coagulation
process [29]. The mature form of miR-125a-3p binds to
VEGF. Altered VEGF function affects the occurrence of
diseases such as breast cancer and coronary artery disease
and is also associated with RPL [14, 30]. VEGF plays im-
portant roles in embryo implantation, vasculogenesis, and
angiogenesis in tumor development and early gestation [8,
31]. Inactivation of a single VEGF allele in mice results in
embryonic lethality and defects in several organs [15]. KDR
(VEGFR2) is a VEGF receptor that may play an important
role in angiogenesis and vascular development during the
early stages of pregnancy [32]. The VEGF system is in-
volved in the generation of hemangioblasts in embryos
[33]. In mice, downregulation of VEGF or its two receptors
results in fetal death in utero [14]. In our previous study,
the VEGF and VEGFR genes were associated with an in-
creased risk of colorectal cancer [34]. Angiogenesis may be
altered via the VEGF-VEGFR pathway through decreased
VEGF and VEGFR expression, resulting from an increased
number of miRNA polymorphisms with high binding affin-
ities for VEGF and VEGFR mRNAs [4, 13, 35].
In our previous study, miR-608 and miR-1302 affected

the risk of RIF through their effects on coagulation factors
[36]. Our present results further support the hypothesis
that microRNAs associated with coagulation factors can
increase the risk of RIF. In particular, prothrombin time
(PT) was associated with certain microRNA polymor-
phisms (Table 4), suggesting that alteration of blood co-
agulation factors might affect implantation and also
pregnancy.
A previous study reported that high FSH levels after

IVF can reduce implantation rates in young women [37].
We found that the miR-222G>T mutation was associ-
ated with FSH levels (Table 6). Those results provide
evidence that microRNAs can affect FSH levels, provid-
ing another potential mechanism by which microRNAs
might affect implantation.
Women with RIF have significantly elevated numbers

of NK cells that play a role in female reproductive per-
formance [30, 31]. Uterine NK cells are important in
pregnancy, especially in processes involving angiogenesis
such as placentation [38]. In rodents, decidual natural
killer (dNK) cell numbers are increased in a VEGF-
abundant environment, and dNK cells express multiple
angiogenic and chemokine factors in humans [39, 40].
Furthermore, dNK cells make many factors that are
abundant in mammalian tissues, such as VEGF and IL-8.
Sex hormones, such as estrogen and progesterone,

contribute to immune tolerance of the early pregnancy
environment. Estrogen has three different forms: estro-
gen, estradiol (E2), and estriol. In a previous report, E2
levels were correlated with levels of IL-35, the main
cytokine that maintains immune tolerance. IL-35 levels

are decreased in patients with a history of recurrent
spontaneous abortions [41]. E2 also stimulates CD4+ T
cells that produce inhibitory cytokines such as IL-35,
TGF-b, and IL-10 [41]. In our study, patients with RIF
had higher E2 values than controls.
T regulatory (Treg) cells have potent immune-

suppressive activity, and the maintenance of immune
suppression is important during pregnancy [42, 43]. The
numbers of CD4+ regulatory T cells are increased in the
blood and lymph of pregnant rodents [44]. Human de-
cidual tissue also shows increased numbers of CD4+ T
cells [43]. Women who have experienced miscarriage
have reduced numbers of Treg cells, including CD4+

cells, in their blood compared with women who experi-
ence healthy pregnancies.
Circulating blood VEGF levels may be linked to several

NK cell variables, activated NK cells, or NK cytotoxicity
[45]. The possibility of a link between NK cells and re-
productive outcomes is one of the most controversial is-
sues in reproductive medicine [46]. It is possible that
elevated VEGF levels disrupt normal angiogenesis, lead-
ing to disturbed vascular architecture [39]. Women with
RIF were indeed found to have significantly increased
levels of VEGF in their plasma [45].
Many microRNAs are used to screen for specific dis-

eases and also as tools for therapy selection [40]. The
microRNAs used in our study might be used biomarkers
to assist RIF diagnosis in the future. Pregnancy-related
microRNAs might also be used in therapeutic strategies
involving the addition of microRNA mimics or anti-
microRNAs [47]. The development of microRNA-based
therapies will require advanced drug delivery systems
that can carry microparticles as a cargo [48].
There are several limitations to our study. First, it re-

mains unclear how miRNA polymorphisms affect RIF.
We only focused on SNPs in four miRNAs and tried to
discover how those SNPs may interact with other factors
to influence the occurrence of RIF. Many factors con-
tribute to pregnancy failure, however, and the genotypic
frequencies were not enough to explain why implant-
ation failure occurred repeatedly. Second, our study was
limited to Korean women, so results may vary in women
of other nations or ethnic groups. Third, we did not
examine the expression of each miRNA in tissues. It is
known that miRNAs bind to the 3’UTR of their target
genes to inhibit them, and each miRNA polymorphism
could affect their target gene expression. Therefore, be-
cause we collected blood samples, any tissue-specific fac-
tors such as microRNA or clinical parameter that may
affect RIF occurrence may not be considered. Fourth,
our sample size was small, and a larger sample size is re-
quired to confirm our results. To further verify our find-
ings, future studies should use a larger population size
and include additional ethnic groups.
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Conclusion
We analyzed the association between RIF risk and
miRNA (miR-25, miR-32, miR-125, miR-222) polymor-
phisms. The genotype frequencies of each microRNAs
did not significantly differ between patients with RIF and
controls, but specific allele combinations interacted with
clinical parameters to increase the risk of RIF.

Materials and Methods
Study population
Blood samples were obtained from 118 females with RIF
and 228 healthy female controls. All study samples were
collected from the Department of Obstetrics and
Gynecology of CHA Bundang Medical Center (Seong-
nam, South Korea) between March 2010 and December
2012. We defined RIF as the failure to achieve pregnancy
following the completion of two fresh IVF-ET cycles
with one or two good quality embryos. Each transferred
embryo was cleaved into more than 10 cells. Fourteen
days after, all RIF patients’ serum human chorionic go-
nadotrophin (hCG) concentrations were less than 5 U/
ml. Individuals who were diagnosed with RIF due to
anatomical, chromosomal, hormonal, infectious, auto-
immune, or thrombotic causes were excluded from the
study. Anatomical abnormalities were evaluated using
several imaging modalities, including sonography, hys-
terosalpingogram, hysteroscopy, computerized tomog-
raphy, and magnetic resonance imaging. Karyotyping
was conducted using standard protocols to assess
chromosomal abnormalities. We excluded hormonal
causes of RIF, including hyperprolactinemia, luteal insuf-
ficiency, and thyroid disease, by measuring the concen-
trations of prolactin (PRL), thyroid-stimulating hormone
(TSH), free thyroxine, follicle-stimulating hormone
(FSH), luteinizing hormone (LH), estradiol (E2), and
progesterone in samples of peripheral blood. To exclude
lupus and antiphospholipid syndrome as autoimmune
causes of RIF, we examined lupus anticoagulant and
anticardiolipin antibodies according to the protocols of a
previous study [49]. We evaluated thrombophilia by test-
ing for protein C and S deficiencies and the presence of
anti-α2 glycoprotein antibodies using methods described
in a previous study [50].

Genotype analysis
Genomic DNA was extracted from whole blood using
the G-DEX II Genomic DNA Extraction kit (Intron Bio-
technology Inc., Seongnam, Korea). The DNA was di-
luted to 100 ng/μl with 1 × TE (Tris-EDTA) buffer, and
then 1 μl from each sample was used to amplify poly-
morphisms. All PCR experiments were performed using
an AccuPower HotStart PCR PreMix (Bioneer Corpor-
ation, Daejeon, Korea). Genotyping analysis was per-
formed by polymerase chain reaction-restriction

fragment-length polymorphism (PCR-RFLP) [51] ana-
lysis with previously published primers [19]. The primers
and restriction enzymes are shown in Additional file 1:
Table S1.

Assessment of blood coagulation status
The platelet count (PLT), white blood cells (WBC), and
hemoglobin (Hgb) levels were measured using the Sys-
mex XE 2100 Automated Hematology System (Sysmex
Corporation, Kobe, Japan). An ACL TOP automated
photo-optical coagulometer (Mitsubishi Chemical Medi-
ence, Tokyo, Japan) was used to measure the prothrom-
bin time (PT) and the activated partial thromboplastin
time (aPTT).

Statistical analysis
Multivariate logistic regression was used to compare the
differences in genotype and haplotype frequencies be-
tween the patients with RIF and the controls. Allelic fre-
quencies were assessed for Hardy-Weinberg equilibrium
(HWE) using P < 0.05 as the significance threshold. We
used adjusted odds ratios (AORs) and 95% confidence
intervals to assess the associations between different ge-
notypes and RIF. P < 0.05 was considered to indicate sta-
tistically significant differences. Differences in hormone
concentrations (E2, FSH, LH, PRL, and TSH) were eval-
uated in accordance with miRNA genotypes and alleles
using independent two-sample t tests or one-way ana-
lysis of variance with a post hoc Scheffé test for all pair-
wise comparisons, as appropriate. Data are presented as
the mean ± standard deviation. Statistical analyses were
performed using GraphPad Prism version 4.0 (GraphPad
Software, Inc., La Jolla, CA, USA) and StatsDirect ver-
sion 2.4.4 (StatsDirect Ltd., Altrincham, UK).

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s40246-019-0246-y.

Additional file 1: Table S1. Details of miRNA polymorphisms for PCR-
RFLP analysis.
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