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XUEQIN WANG', YAN XING!, YONGYONG WANG!', ZHAOXIA DU', CHANG ZHANG' and JING GAO?

1Department of Reproductive Medicine, Qingdao Municipal Hospital, Qingdao, Shandong 266071;
2Department of Reproductive Medicine, The Affiliated Hospital of Qingdao University, Qingdao, Shandong 266003, PR. China

Received September 29, 2022; Accepted February 1,2023

DOI: 10.3892/etm.2023.11878

Abstract. Numerous studies have reported single nucleotide
polymorphisms (SNPs) in microRNAs (miRNAs) associated
with unexplained recurrent spontaneous abortion (URSA).
The present study aimed to conduct an updated meta-analysis
to confirm a pooled effect size of the association between
miRNA SNPs and URSA. The relevant literature was searched
on PubMed, EMBASE, Web of Science and Cochrane Library
before July 2022 to identify case-control studies. The pooled
odds ratio and confidence intervals at 95% of the eligible
studies were extracted and evaluated under five genetic models.
A total of 18 studies involving 3,850 cases and 4,312 controls
were included. miR499a rs3746444 A>G, miR-149 rs2292832
T>C, miR-125a rs41275794 G>A and miR-10a rs3809783
A>T may enhance the risk of recurrent spontaneous abortion
(RSA) under various genetic models. Although no separate
association was found between the miR-125a rs12976445
C>T and miR-27a rs895819 A>G polymorphisms and RSA,
statistical significance was found in certain ethnic groups
only. The current analysis suggests a high significance of an
up-to-date meta-analysis for screening out and preventing
URSA among high-risk women by testing miRNA SNPs and
RSA susceptibility.

Introduction

Recurrent spontaneous abortion (RSA) or recurrent pregnancy
loss (RPL) are common and significant pregnancy issue
occurring in ~1-3% of couples trying to conceive. It is defined
as at least two consecutive spontaneous abortions before the
20th week of pregnancy (1) Although several etiologic factors,
such as uterine abnormalities, infectious or immune factors,
endocrine and metabolic disorders, genetic abnormalities,
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acquired and inherited thrombophilia and chemical factors,
are considered risk factors for RSA (2), the etiology of 40-55%
of pregnant women suffering RSA remains to be elucidated (3),
namely unexplained recurrent spontaneous abortion (URSA).
Therefore, it is urgent to identify risk factors for the prevention
and treatment of RSA. An increasing number of studies
have focused on genetic factors, especially single nucleotide
polymorphisms (SNPs) (4).

MicroRNAs (miRNAs) are a class of noncoding RNAs
that regulate gene expression at the post-tanscriptional level
by suppressing the translation of protein-coding genes by
targeting mRNA 3'UTR and are involved in a wide range of
life processes, including proliferation, development, differen-
tiation, immune response and hormone secretion (5). miRNAs
are estimated to regulate ~60% of human mRNA (6).
According to studies (7-9), abnormal miRNA expression is
implicated in the pathogenesis of RSA. Sequence variants
in miRNA genes may contribute to their dysregulation. The
presence of an SNP or mutation in an miRNA gene may alter
the binding affinity of the miRNA to its mRNA targets, the
transcription of miRNA primary transcripts and the process
of the pre-miRNA into its mature, epigenetic regulation of
miRNA genes (10-12). SNPs in the miRNA gene region may
affect the properties and function of miRNAs, consequently
contributing to RSA susceptibility by altering miRNA
expression or maturation (13).

A number of studies have been conducted to investigate the
association between miRNA SNPs and RSA risk, including
well-known SNPs in pre-miRNA sequences such as miR-146a
C/G (rs2910164), miR-196a2 T/C (rs11614913), miR-499 A/G
(rs3746444) and other SNPs (14-30), but the results are not
conclusive and consistent. Srivastava et al (31) first reported a
meta-analysis of miRNA SNPs and RSA. The results showed
that miR-196a-2 rs11614913, miR-499 rs3746444 and miR-149
1rs2292832 could reduce the risk of RSA under certain genetic
models. The present study performed a meta-analysis of 18
case-control studies to assess the association between miRNA
SNPs and RSA susceptibility and improve understanding of
the association between these polymorphisms and RSA risk.

Materials and methods

The present systematic review and meta-analysis design
was prospectively based on the Preferred Reporting
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Items for Systematic Reviews and Meta-Analyses
(PRISMA) (http:/www.prisma-statement.org/PRISMA-
Statement/PISM AStatement.aspx). The study has been
registered on PROSPERO (https://www.crd.york.ac.uk/
prospero/) (ID, CRD42021230598).

Literature search strategy. The authors Xueqin Wang and
Yan Xing systematically searched the online databases,
including PubMed (MEDLINE, https:/pubmed.ncbi.nlm.nih.
gov/), EMBASE (https://www.embase.com/), Web of Science
(http://www.webofscience.com/) and Cochrane Library
(https://www.cochranelibrary.com/), without language limita-
tions up till July 2022. The following keywords were used:
‘miRNA’ AND (‘recurrent pregnancy loss or RPL” OR ‘recur-
rent spontaneous abortion or RSA’ OR ‘recurrent miscarriage’)
AND (‘polymorphism’ OR ‘single nucleotide polymorphism”).
In addition, the reference lists from the identified articles were
searched manually.

Inclusion and exclusion criteria. The present meta-analysis
comprised case-control studies that met the following criteria:
i) The study assessed the association between microRNA gene
polymorphisms and the risk of recurrent spontaneous abortion,
ii) RSA was defined as at least two consecutive spontaneous
abortions before the 20th week of pregnancy, iii) in all evalu-
ated studies, a patient group (women with RSA) compared
with a control group (healthy women), iv) the distribution of
genotypes or alleles in both cases and controls was extracted
for calculating the odds ratios (ORs) and 95% confidence
intervals (Cls), v) for repeated studies, only the studies with
more complete data and longer study periods were included,
vi) the selected SNPs with two or more published studies were
included in the current study. Studies were excluded if i) they
were letters, editorials, abstracts, reviews, case reports and
studies performed on animals, ii) they did not quantify the
information to calculate OR and 95% Cl, iii) they were copies
of previous publications, or iv) they did not meet the criteria
for RSA.

Data extraction. The data from eligible studies were extracted
independently by two of the authors (Xueqin Wang and
Yan Xing) based on the following inclusion and exclusion
criteria: First author name, year of publication, study country,
ethnicity, diagnostic criteria for RSA, numbers of cases and
controls, genotyping technology and polymorphisms studied.
Differences were resolved by a third author (Jing Gao).

Quality assessment of included studies. Study quality assess-
ment was independently performed by two authors (Xueqin
Wang and Yan Xing) according to the Newcastle-Ottawa Scale
(NOS) (32). The NOS determined the research quality based on
three parameters: Study object selection, group comparability
and exposure factor measurement. The NOS employs a star
grading system that ranges from zero stars (worst) to nine stars
(best). In brief, each study received a maximum of nine points:
Four for selection, two for comparability and three for outcomes.
Studies with a score of =6 points were considered high quality.

Statistical analysis. In the present study, ORs and 95% Cls
were used to assess the association between microRNA gene

polymorphisms and RSA risk. The pooled ORs and 95% Cls
were calculated and their significance was determined by
P-values to clarify the potential relationships. P<0.05 was
considered to indicate a statistically significant difference. The
present study analyzed five genetic patterns of each microRNA
(allele pattern, homozygous model, heterozygous model,
recessive model and dominant model) (33). Heterogeneity
was measured using the chi-square test-based Q-test and
I statistics. If significant heterogeneity existed (significant
heterogeneity, P<0.10 and /*>50%), the random-effects model
was used and if not (no heterogeneity, P>0.10 and I°<50%), the
fixed effect model was used. The present study conducted a
sensitivity analysis to evaluate the effect of each study on the
combined OR by sequentially excluding individual studies to
investigate the potential sources of heterogeneity and verify
the reliability of the meta-analysis. As the number of included
studies in each SNP was <10, publication bias evaluation was
not performed.

Results

Characteristics of eligible studies. The PRISMA flow
chart of the literature search and selection process is
detailed in Fig. 1. A total of 41 articles were collected from
the databases through a literature search using different
combinations of key terms. After removing the duplicate
literature and meta-analysis, 37 studies were evaluated for
eligibility. A total of 13 studies were excluded (eight were not
about miRNA polymorphisms, three were about recurrent
implantation failure, one was a missing genotype in miRNA
SNPs and one was about spontaneously aborted fetuses).
Therefore, 24 studies were considered eligible for the current
meta-analysis (13-30,34-39). A total of five studies were
excluded because the selected SNPs in these studies were
reported in only one study (34-38). Finally, the quality of
19 studies (13-30) was assessed using the NOS and all studies
scored =6 stars or more, indicating high quality.

Table I summarized study characteristics of the 19
included studies. There were a total of 3,850 cases and 4,312
controls involving 10 SNPs of microRNAs: miR-196a-2
rs11614913 (seven studies), miR-449 rs3746444 (five studies),
miR-146 rs2910164 (four studies), miR-125a rs12976445 (four
studies), miR-149 rs2292832 (four studies), miR-27a rs895819
(four studies), miR-423 rs6505162 (two studies), miR-125a
rs41275794 (three studies), miR-10a rs3809783 (two studies)
and miR-323b rs56103835 (two studies). The distributions
of microRNA gene polymorphism alleles and genotypes are
shown in Table II.

Quantitative synthesis. The present meta-analysis included 10
SNPs discovered in miRNA gene loci. Table III summarizes
the ORs with corresponding 95% ClIs for the association
between those SNPs and the risk for RSA base on different
genetic models. After all included studies were pooled into
the meta-analysis of each selected SNP, it was discovered
that miR-149 rs2292832, miR-499a rs3746444, miR-125a
rs12976445, miR-10a rs3809783, miR-125a rs41275794 and
miR-323b rs56103835 SNPs were significantly associated
with RSA risk (Table III). Forest plots were constructed from
the findings of all included studies to show the relationship
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Figure 1. Flowchart illustrating the search strategy used to identify association studies of miRNA SNPs and RSA risk. miRNA, microRNA; SNPs, single
nucleotide polymorphisms; RSA, recurrent spontaneous abortion; RIF, repeated implantation failure; SAF, spontaneously aborted fetuses.

between miRNA SNPs and RSA risk under a homogeneous
model (Fig. 2). Statistical heterogeneity was found in nine
SNPs. A total of seven SNPs underwent subgroup analysis to
detect the source of heterogeneity, while miR-423 rs6505162
and miR-125a rs41275794 were not subjected to subgroup
analysis because the number of included studies was too small
(n=2).

miR-196a2 rs11614913. The present study examined seven
relevant papers to determine the possible association between
miR196a2 rs11614913 and RSA risk. When all the eligible
studies were pooled into the analysis under various models,
no significant risk associations were observed, indicating they
were not genetic-related risk factors for RSA risk (Table III;
Fig. 2A). Additionally, substantial heterogeneity was observed.
The meta-analysis did not show any correlation when subgroup
analyses were performed between ethnic backgrounds.

miR-499a rs3746444. A total of five studies related
to rs3746444 were included in the meta-analysis. The
allele contrast and heterogeneity model showed protec-
tive ORs with significant P-values (G vs. A: OR=0.66;
95% CI=0.51-0.86; Pyerogencity=0-03, P=0.002; AG vs. AA:
OR=0.73; 95% CI=0.59-0.90; Pj.crogencity=0.15; P=0.003)
(Fig. 2B; Table III). There was significantly increased asso-
ciation between miR499a rs3746444 A>G and RSA risk

susceptibility in the recessive, dominant and homogeneous
model (GG vs. GA + AA: OR=1.99; 95% CI=1.41-2.80;
Pheterogeneiy=0.39; P<0.0001; GG + GA vs. AA: OR=1.54;
95% Cl=1.12-2.12; Pyeierogenciy=0.06; P=0.007; GG vs. AA:
OR=2.26; 95% CI=1.53-3.36; Pjcrogencity=0-38; P<0.00001)
(Table III). The findings of subgroup analysis results demon-
strated that this SNP contributed to RSA susceptibility in Asian
(Korean and Indian) populations under all models (Table IV).

miR-146 rs2910164. The present analysis included four
studies on the miR-146a SNP. There was no significant asso-
ciation in any genetic model between the miR-146a rs2910164
C>G polymorphism and RSA risk (Fig. 2C; Table III). The
meta-analysis did not find any correlation when subgroup
analyses among ethnic backgrounds were performed
(Table IV).

miR-125a rs12976445. There were four articles related to
miR-125a rs12976445 C>T and URSA. Under a homoge-
neous model, the TT allele had a protective OR (TT vs.
CC: OR=0.51; 95% CI: 0.31-0.84; P=0.008). There was
no heterogeneity in the recessive model (TT vs. TC + CC:
I’=0.00%; Preierogencity=0.65) or homogeneous model (TT vs.
CC: I’=0.00%; Peierogenciy=0-48). Significant heterogeneity
was found in allele contrast (T vs. C: I’=0.85%; P=0.001),
dominant model (TT + TC vs. CC: I’=0.87%; P<0.001) and



WANG et al: ASSOCIATION BETWEEN miRNA SNPS AND RSA: A META-ANALYSIS

(V/D) 791505981 €T-Yrut BaI03]
104 L (D/V) 61856851 BLZ-YIW dT49-90d L8E gcc olow 10 oMm]} uersy  joorqndey g1 LT10T ‘H yed
(D/V) ¥rYIvLEST 667-JIU
(1L/D) €16¥191181 BY6T-Jrut
(D/L) TETOTTST 6Y1-Y 1w
€C 8 (D/D) ¥91016TS1 BYY[-YIw dT49-90d 00¢ 00¢ 2Iow 10 931y} UBISY elpup - I1 ¥10T ‘J ua9aTeq
(D/V) €SYPOFO1ST BSTT-YIu
(44 6 (I/D) SYP9L6TTST BGTT-gIu dTHd-90d 081 0ST 9Ioul I0 OMm]) uelsy BIpUL 01 T20T ‘N 100zZuBy
Surouonbos
“ADd-LA
1T L (L<V) €8L608¢S1 BQ-JI VNI ueybeL, 00¢ 00¢ 2JIouI IO OMm) uelsy BUIUD 6 910T ‘A V1
(L<D) LY98L9PEST TrT-Yru
(IL<D) SPP9L6TISIBST[-JIu
(V<D) 91LIYOLSI ze-YIw BAIOY
0T 8 (O<D) €TPLTSTIsT ST-Jrut d149-90d L 19¢ 210W 10 OM) uelsy  joorqndoy g 0T0T ‘AL 9971
(D/V) vP9rLEST 667-JIW
(1/D) €16¥1911S1 Z-B96[-YIw
(D/1) TETOTTSI 6 1-Y1w BAIOY
61 L (D/D) ¥91016T81 9y 1-Y1wt d'THI-90d 0ce ved 2JIouI IO OMm) uersy  joorqndoy £ C10T ‘A uodr
(IL/D) SYP9LO6TIST BSTI-Yiu
81 8 (V/D) v6LSLTIHSIBGTI-YIW  Surouanbag-¥Dd 0LE 9ty 2I0W IO 0M]) UBlsy BUIUD O ¥10T ‘A nH
(L/D) S¥P9L6TISI BSTI-Yiut
¢l 8 (V/D) ¥6LSLTTHSIBGZI-YW  Surouanbag-¥yDd Iey 144 oIow 10 0Mm) RISy eampy ¢ 110C ‘A 'H
(D/V) vhP9rLEST 661-d1W
L1 9 (I/D) €16V1911STBYG [ -YIu d'THd-90d 001 00T 210Ul 10 9311} uelseonen uelf ¥ 810T ‘N NZed
O/L €T6VIONISI 961 -
91 L (D/D) ¥91016TS1 B9y [-Yrw dT4d-90d Lyl 144 2IoW IO 0M) uglseonen uel ¢ 120T ‘9 Yyspezueyeqeq
(D/L) vPP9vLEST 66T-JIut
Sl 8 (1L/D) €16¥1911S1 T-B96 - dT4d-90d 00¢ 00¢ oIow 10 0Mm) uelseonen uelf ¢ LT0T ‘N Byoprog-unuy
(D/V) vhP9rLEST 667-JIW
(1L/D) €16¥191151 BY6T -1t
(D/1) TEVTHTTST 677 1-Jiut
14! 8 (D/D) ¥91016TS1 BYY [ - dT4d-90d 06 0cI oIow 10 0Mm) uelseonen uelp [ 610 ‘W modiy
('syo¥) 21098 parpnis swisiydiowA[od adKjouan [onuo)  9se)  YSY J10J BLIAILID Aporuyg Anuno) ON Ieak ‘aoyne 18I
Airend onsougerq

‘sIsA[eue-eIowW SIY) UI SAIPN)S Papn[oul g JO SonsLooeIey)) ‘T 9[qeL,



EXPERIMENTAL AND THERAPEUTIC MEDICINE 25: 179, 2023

Voot “yNYIw ‘wstydiowAod ySusl JuswSesy uonomsal ‘JILY (Suonioge snoauejuods JUaLINdAI ‘Y Sy SUOIIOge snodurjuods 9A1INOISUOD JO IaqUINU AY) Y SY J0J BLIILID dnjsouder(]

(D/V) 6185688 BLZ-VNYTW

6¢ 8 (D/1) TE8TOHTTSI 6 1-Y1w dTHd-90d 00¢ 661 210Ul I0 OMm]) uelseone? RIH 61 T20T °S solaelg
0¢ 8 O/LET6VIONISI961-Yw  Surouanbag-¥YDd €re 00¢ oJow 10 oM} UBISY Bulyy 81 020T ‘OX Suem
(L/V) 9LSL908s1 €Ty-Jiut
6C 8 (V/D) T9150S981 €Ty-drut  Surouanbag-y¥dd 60€ 91€¢ a1our 10 0 ueIsy eulyy L] 610C ‘OX Suem
8¢ 8 (V<L) $€8£019$sT qeze-yrw  Surouanbag-¥ydd 81 90¢ oJour Io oMm]) ueisy BUIUD O] 810C ‘OX Suem
LT 8 D/V 61856881 BLZ-VNYIW  Sutouanbag-ydd 44! 8€1 a1our 10 0 ueIsy eulyy Gl 910T ‘AD Suem
(V<L) S€8€019681 qeze-Yru
(I<V) €8L608¢EsT BQ[ -1t
9C 9 (V<D) $6LSLTTHSI eGTT-YIW JOUSdeNS-d0d 68 911 210Ul I0 OMm]) uelseonen uel] I 1T0T ‘NS PaYeA
(D/V) 61856851 LTI
94 L (V/D) 6£066LLs1 undaj dT4Y-¥0d 001 66 2IoW 10 0M]) uelseonen vz S| 020T ‘N 12eys
(D/V) 9SSEYOTST S09-Jru
(D/V) €ET1900181 g6t p-Jru
('s3o¥) 21098 parpnis swisiydiowA[od adKouen [onuo)  9se)  YSY 10J BLIAILIO Aoruyg Anuno) ON Ieak ‘aoyine 18Iy
Airend onsouger(

"panupuo) ' AqeL,



WANG et al: ASSOCIATION BETWEEN miRNA SNPS AND RSA: A META-ANALYSIS

€T LOO (OZD9E (029 9sT (09€) 80T (0ST0E (§€9) L0T (19 €9 (089) 82 (079 TLE (LTH) L9T  (£8S)€ET 00 00T $10T ‘d ussated
61 LOO (82D 0E (Fes) szt (8eo) 6L (0L 9S (6Ly) 8ST (TS 91T (S6£) 881 (09 €8T (600 0Lz  (1'6S) 06€  +€T  0€€ T10T ‘[ A uodr
1202
91 080 (Owor (ohes (es)sL (8Ll (O6evwsor (er)e (OLo)08 (el vic (0Ll (089 16T Lyl ¥IC ‘yapezueyyeqeq
! L00  (€9¢ Wy o9 sy (€9 (@6 se (L9118 (5990 8y (sgeyzcel (U6LD €y (60T L6106 0cl1 610C ‘N mnodiy
DD 0D o)) I9)9) 3% 0] 9) o) 9) o)
$9T0T6TSI 9y -1
€T $TO (©o9 61 LS  (6L)LET (¥4 608s (€90c1  (ID69 (688 1€s (S0 28 (6L 8IE 00 00T ¥10¢ d useared
61 S0 (€De  ®YD8S (e el 99Tl o Lol € 11T LWeD+v9 (€9 vor  (861) 1€1  (T08) 6TS  ¥€C  0€€ T10T ‘[ X Uodf
L1 200 Oe6D61r (099)9¢ (Osh) sty (e ce (0898 (6)6r (OLOVYL (€99t (029 v01  (0'8H) 96 00T 001 810C ‘N 11zed
L10T
ST oro @<zl 99) 6 (8%) 96 L1 (€p) 98  (0S) 001 (60 911 (D v8c (8D VYIT  (S1L)98C 00T 00T ‘N bByoprog-unuy
! 810 (¢sv¢€r (L9 IS (®LDI9T (Wor 8y (L LS (TSI (6€9L6 (9P €8 OI'H9) #ST (48698 06 0cl1 610C ‘W modiy
Is)s) oV vV Is)s) 19\ \"A" 9) v 9) A
PrY9rLEST 667-JI
0¢ L0 (@90 T8 (S6p)SST (¢vD 9L (£69) 901 (Lop) oyl (08D +S (019 61¢  (06v) Lo (L'8S)TSE  (CIv)8PT  €I€  00€ 020T ‘OX Suepm
€T 900 O+ +01 (9TS) 8ST (92D 8E (ST S9 (S s6 (0D oy (019 99¢ (069 v€T (€99)str  (L'E€P) SLT 00 00T ¥10¢ d useared
61 800 (WLOV9 (1's9 ezl (LD Iy (LD 68 (TSP 6ST (YD T8 (649 LSt (I'sy) 11T (I'19) Lg€ (6'8h) €€ ¥€C  0€€ T10T ‘[ A U0df
LT $000 (W66 (099 Weder OvD+vl (e es (e ee o os 0090z (o) 18 (S6S) 61T 001 001 810T ‘N 1zed
120T
91 €L0 oSt LpoL Wewzo O IT O 66 (O6v) ¥0T (O+E) 00T (099 +61 (€82 12T (LIL) LOS  LvI  IC ‘yopezueyyeqeq
L10T
S1 900 (O®91 (00s)001 (O +¥8 (091 ze (00S) 001 (0¥E) 89 (0ce) el (09 89T (O +91  (06S)9€C 00T 00T ‘N Byoprog-urnuy
v1 160 (68L)1L (oS8T (DI (TrL) 68 (€08t (¢ (6388091 (1T1)0T (S8$8)90C (ST¥D¥E 06 0cl1 610C ‘W modiy
(sod0) dMH LL 1D 00) IL 1D DD L 0) L D [onuo) vSY  Ieah Joyne 1sirg
CI6VI9TISI 7-e961 -1
[onuo) vSya [onuo) vSy

(9 ‘u) sadKjouany

(% ‘w) sapMY

‘swistydrowAjod ouag syNJoIorw jo suonnqrusip sadAjouss pue so[[[V "I 9[qRL



EXPERIMENTAL AND THERAPEUTIC MEDICINE 25: 179, 2023

6¢ €90 69l FeD 16 (L9990 €Dy QoL 6SL0Pe O8DSIT  (#F18)€0s (LD 08  (£L8)TSS 608 9I€ 610T ‘OX Suepm

¥C Lzo G 68059 (T996rl (S9sT (0¢o)ogl (6659 cee (¢61) L8  (L08)€9e (€081  (L9L)+6S  STc  L8E L10T ‘DH yey
vV VD DD vV VD 0] A4 o) A o)

791S0S9ST cTy-Jru

6€ L€0 Cee6l (O (e L8 WSDIS @sko6 (1608 (e el (L9 89 (v T6l  (81$)90C 00T 661 20T °S so1ArlS

LT 8C0 (Te¢l (s Is (6v98L (6BSDcc Hep 09 Loy 9s (Lo Ll (6Tl Lot (€L vo1 (€79 Tl Tl 8¢ 910T ‘AD Suem

gz Lo00 (ovD+v1 (09 0e (09995 (reee (geoee (v ve (068 (1Ll ey L6 (OIS 10T 001 66 610T ‘N 193eys

¥C 110 ®cni1e (€90l (6Ol @eD IS G OLT (6Th) 991 (Fob) 281 (9°68)89¢ (I's©)cLc  (6+49)T0S  STc  L8E L10T ‘DH yey
DDn 9} \"A I9)s) 19)% Vv 9) A o) A

6185681 BLZ-YIW

6€  1000> (09D 2e (0608 (0SS O0IT (OvD6er (Tre) 89 (€19 701 (09 el (§69 8L (L1991 (€89 2L 00T 661 20T °S so1ArlS

€T 680 (W96 (O8DP¥s (069 L0z (O901 (©T1979 (O¥98er (Lo (0€’) 86 (S0 C8  (S6L)81€ 00 00T $10T ‘d useated

61 060 O+ (9L9)88 F99)Tel (6L 97 (L69)1€1 (FTS €Ll (YD 911 (TsL) zse (Lo €81 (€Tl Ly +v€T  0g€ Z10T ‘[ A U0df

4! 990 (I'DI (ce1c Ospgy Dz (owsy (€890 (®cer (@LLST LIS  (¢8L)881 06 0cl1 610C ‘I modiy
o)) DL LL o)) DL 1L o) L ) L

TE]THTTST 6y 1-Jru

T L0 (vl (€8 L8 oDe6l OrY IS Lo oL (€61 6T (€59)scc (v sTt (L9l (L) 8Tl 081 0SI 20T ‘(1 J00ZUB

0¢ L90 (@09 (@eoe9 OrLeor 6WDL  (@sOl16 (6L e9c (®cDSL (T 69y (SHI) SOl (968) L19  TLT 19¢ 020C ‘AL 99T

81 1000 (DTl (099 Lz 9 cee (0T (89901 (L) 8sT (e 1sz (108) 1101 (680 ¥Ic  (I'TL)92S  1€9  OLE ¥107 ‘A 'H

€1 1o o6 @I19Lel (19968 GHDg Lo ool (619 111 (8D sST  (0T®) LoL  (8vD) 901  (TsL)Tee  Ish LT 110T A ‘0H
LL 1D DD LL 1D 0] L o) L o)

SYPOL6CISIBGT]- YW

[onuop) VSd [onuop) VSd

(9 ‘u) sadK10u0n) (% ‘) sV

"panunuo) II AqeL



WANG et al: ASSOCIATION BETWEEN miRNA SNPS AND RSA: A META-ANALYSIS

VNRJOIOIW ‘YN YW ‘wnuqimba Sxaquiop-ApieH ‘M H ‘Suonloge snoduejuods Juarinddl ‘ySy

8¢ 6L0 (98Y)88 (0TWIL (r6)8I (0 TL (TS 80I (9TD9T (0TIl (969) TSt (88€) 091 (T19)TST 781 90T 810C ‘OX Suem
9z $0000 (o€ (819SsS v 1€ (SO I (L1909 ($8)Sy (¥ 19 (LSHLIT  (€59T8  (L¥90OST 68 911 ITOT NS IPYEA
20 oL LL 20 oL LL o) L o) L
$€8€01961 qETE-yJru
9z 190 WO (e oe 6799  (09L (€819 (L'shES (T0D9E (S THT  (TOOL (869791 68  9I1  ITOT NS IPYEA
1T L00 00 €9y OLOYST 00 (S8 L6 (ST9€0l (ST  (S88)+Se  (T¥) L6 (8SL)€0E 00T 00T 9107 ‘A V1
LL v Vv LL v Vv L v L v
€8L608€S1 BO[-YIw
9z 180 (SPv  ®FOIE WS  Fe Il (60965 (L6 (6106 (I'SL6ET  (6v€) 18  (I'SOIST 68 911 1T0T NS IPYEA
81 010 D6 (gLoLl (€100sF (Lol (@69 61T (1I'89) w1 (I'SD 061 (6¥8) TLOT (€T€) 6€T  (L'L9)T0S  1€9  OLE ¥10 ‘A NH
€1 v€0  ODL (ST (61001 FDE  (OIM68 (0L TTT v STI (TS veL  (TTD)s6  (SLL) €€ Tev  LIT 1102 ‘X "H
\a% \4) o)) A% \) DD \ D \ D
P6LSLTIHSI BGT -y
[o1U0D) vsd [o1U0D) vSd

(9 ‘u) sad£Kjouan

(% ‘u) SRV

‘panunuo) I1 AqeL



EXPERIMENTAL AND THERAPEUTIC MEDICINE 25: 179, 2023

Table III. Overall result of meta-analysis of eligible SNPs.

Test of association Test of heterogeneity

Studies

Model (n) OR (95% CI) P-value Model P-value I? (%)

miR-196a-2 rs11614913

Allele contrast (C vs. T) 0.99 (0.80, 1.22) 093 Random 0.003 70
Recessive model (CC vs. CT + TT) 0.91 (0.80,1.03) 0.12 Random <0.00001 91
Dominant model (CC + CT vs. TT) 1.20 (0.89, 1.62) 0.22 Random 0.05 54
CCvs. TT 0.98 (0.58, 1.66) 0.95 Random 0.0006 75
CTvs. TT 1.18 (0.98, 1.43) 0.08 Fixed 0.13 39
miR-499 rs3746444
Allele contrast (G vs. A) 0.66 (0.51,0.86) 0.002 Random 0.03 64
Recessive model (GG vs. GA + AA) 1.99 (1.41,2.80) <0.0001 Fixed 0.59 0
Dominant model (GG + GA vs. AA) 154 (1.12,2.12) 0.007 Random 0.06 56
GG vs. AA 2.26 (1.53,3.36) <0.00001 Fixed 0.38 6
AG vs. AA 0.73 (0.59,0.90) 0.003 Random 0.15 41
miR-146 rs2910164
Allele contrast (G vs. C) 0.58 (0.22,1.53) 0.27 Random <0.00001 97.00
Recessive model (GG vs. GC + CC) 1.30 (0.95,1.79) 0.10 Fixed 0.97 0.00
Dominant model (GG + GC vs. CC) 0.99 (0.66, 1.48) 0.95 Random 0.01 73.00
GG vs. CC 1.30 (0.95,1.79) 0.10 Fixed 0.97 0.00
CG vs.CC 0.77 (0.56, 1.08) 0.13 Fixed 0.83 0.00
miR-125a rs12976445
Allele contrast (T vs. C) 1.18 (0.82, 1.69) 0.38 Random 0.001 85
Recessive model (TT vs. TC + CC) 0.68 (0.47,1.00) 0.05 Fixed 0.65 0.00
Dominant model (TT + TC vs. CC) 1.28 (0.76,2.13) 0.35 Random <0.001 87
TT vs. CC 0.51(0.31,0.84) 0.008 Fixed 048 0.00
TC vs. CC 1.35(0.81,2.24) 0.25 Random <0.0001 87
miR-149 rs2292832
Allele contrast (C vs. T) 1.21 (1.03-1.42) 0.02 Fixed 0.31 17
Recessive model (CC vs. TC + TT) 1.15 (0.79-1.68) 0.46 Fixed 0.62 0
Dominant model (CC + TC vs. TT) 1.28 (1.05-1.56) 0.01 Fixed 0.30 18
CCvs. TT 1.25 (0.85-1.85) 0.26 Fixed 0.67 0
TCvs. TT 1.71 (1.12-2.62) 0.01 Random 0.01 72
miR-27a rs895819
Allele contrast (G vs. A) 1.53 (0.92-2.55) 0.10 Random <0.00001 91
Recessive model (GG vs. AG + AA) 2.44 (0.96-6.23) 0.06 Random <0.00001 90
Dominant model (GG + AG vs. AA) 1.28 (0.73-2.26) 0.39 Random 0.0001 85
GG vs. AA 2.19 (0.90-5.31) 0.08 Random <0.0001 86
AG vs. AA 1.24 (0.73-2.12) 0.43 Random 0.002 80
miR-423 rs6505162
Allele contrast (A vs. C) 0.90 (0.46,1.77) 0.75 Random 0.001 90
Recessive model (AA vs. CA + CC) 0.72(0.17,3.11) 0.66 Random 0.03 79
Dominant model (AA + CA vs. CC) 0.91 (0.45, 1.86) 0.80 Random 0.004 88
AAvs.CC 0.69 (0.14,3.39) 0.64 Random 0.02 82
ACvs.CC 0.93 (0.50, 1.74) 0.83 Random 0.01 83
miR-125a rs41275794
Allele contrast (A vs. G) 2.07 (1.47,2.92) <0.0001 Random 0.02 75
Recessive model (AA vs. GA + GG) 1.68 (0.90, 3.13) 0.10 Fixed 0.54 0
Dominant model (AA + GA vs. GG) 2.68 (1.59,4.52) 0.0002 Random 0.003 83
AAvs. GG 2.61 (1.39,4.90) 0.003 Fixed 0.35 5
AG vs. GG 2.68 (1.59,4.51) 0.0002 Random 0.004 82
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Table III. Continued.

Test of association

Test of heterogeneity

Studies
Model (n) OR (95% CI) P-value Model P-value I? (%)
miR-10a rs3809783
Allele contrast (T vs. A) 2 2.12 (1.58,2.85) <0.00001 Fixed 0.23 31
Recessive model (TT vs. AT + AA) 1.84 (0.46,7.33) 0.39 Fixed Not Not
estimable estimable
Dominant model (TT+AT vs. AA) 2.68 (1.90,3.77) <0.00001 Fixed 0.22 34
TT vs. AA 0.41 (0.10, 1.65) 0.21 Fixed Not Not
estimable estimable
AT vs. AA 2.67 (1.89,3.77) <0.00001 Fixed 0.20 38
miR-323b rs56103835
Allele contrast (C vs. T) 2 1.28 (1.01, 1.63) 0.04 Fixed 0.23 30
Recessive model (CC vs. TC + TT) 1.16 (0.23,5.82) 0.85 Random 0.02 82
Dominant model (CC + TC vs. TT) 0.80 (0.53,1.23) 0.32 Fixed 0.81 0
CCvs. TT 1.06 (0.25,4.53) 0.94 Random 0.05 73
CTvs. TT 0.84 (0.54,1.31) 0.45 Fixed 0.55 0

Bold numbers indicate P<0.05. SNPs, single nucleotide polymorphisms; n, number of cohorts; OR, odd ratio; CI, confidence interval.

heterogeneity model (TT vs. TC + CC: I’=0.87%; P<0.0001)
(Fig. 2D, Table III). Subgroup analysis revealed that ethnic
Chinese had an elevated risk in allelic contrast, dominant
model and heterozygous model (Table I'V).

miR-149 rs2292832. A total of four articles associated with
miR-149 152292832 T>C and URSA were included. The
results showed risk ORs for C allele, CC+TC and TC in allele
contrast,dominant model and heterogeneity model respectively
(C vs. T: OR=1.21; 95% CI=1.03-1.42; P=0.02; CC + TC vs.
TT: OR=1.28; 95% CI=1.05-1.56; P=0.01; TC vs. TT: OR=1.24;
95% CI=0.73-2.12; P=0.43; Fig. 2E, Table III). Except for the
heterogeneity model (TC vs. TT: I=0.72%; Pycierogencity=0-002),
no heterogeneity was observed in any of the models. Subgroup
analysis showed no significant association among different
ethnic backgrounds under any models (Table IV).

miR-27a rs895819. A total of four eligible studies were
included in the analysis. There was no significant connection
between the miR-27a rs895819 A>G polymorphism and RSA
risk in any genetic model (Fig. 2F; Table III). All of the models
showed significant heterogeneity. However, subgroup analysis
revealed an increased risk under allelic contrast, recessive
model homozygote model and heterozygous model in the
Caucasian population (G vs. A: OR=2.35; 95% CI=1.56-3.56;
P<0.001; GG vs. AG + AA: OR=2.93; 95% CI=1.45-5.94;
P=0.003; GG vs. AA: OR=3.63; 95% CI=1.70-7.77; P=0.009;
AG vs. AA: OR=1.54; 95% CI=1.07-2.22; P=0.02; Table IV).

miR-423 rs6505162. The analysis included three eligible
studies. No significant association was found between miR-423
rs6505162 C>A polymorphism and RSA risk in any genetic
model (Fig. 2G, Table I1I). Significant heterogeneity was found
in all models.

miR-125a rs41275794. For overall studies, there was a signifi-
cant association of rs41275794 and RSA susceptibility in allele
contrast (A vs. G: OR=2.07; 95% CI=1.47-2.92; P<0.0001), domi-
nant model (AA + GA vs. GG: OR=2.68; 95% CI=1.59-4.52;
P=0.0002), homogeneous model (AA vs. GG: OR=2.61;
95% Cl1=1.39-4.90; P=0.003) and heterogeneity model (GA vs.
GG: OR=2.68; 95% CI=1.59-4.51; P=0.0002; Fig. 2H; Table III).
Significant heterogeneity was found in the allele contrast, domi-
nant model and heterogeneity model. Considering heterogeneity
in the above gene model, a subgroup analysis by ethnicity was
performed. The results showed significant and increased risk
in the Chinese population under the allelic contrast, recessive,
dominant, homozygote and heterozygous model. Significantly,
there was increased risk for non-Chinese under the allelic
contrast, dominant model and heterozygous model (Table IV).

miR-10a rs3809783. A significant association with increased
risk was observed in the allele contrast (T vs. A: OR=2.12;
95% CI=1.58-2.85; P<0.00001), dominant model (TT+AT vs.
AA: OR=2.68; 95% CI=1.90-3.77; P<0.00001) and hetero-
geneity model (AT vs. AA: OR=2.67; 95% CI=1.89-3.77,
P<0.00001; Fig. 21, Table III) when two studies were pooled
into meta-analysis. No heterogeneity was found in the
meta-analysis process except that the P-value and 2 in test of
heterogeneity was not estimable.

miR-323b rs56103835. A significant association with increased
risk was observed in the allele contrast (C vs. T: OR=1.28;
95% CI=1.01-1.63; P=0.04) with no heterogeneity (I>’=30%;
Preerogeneiry = 0.23) as shown in Fig. 2J and Table III, when two
studies were pooled into meta-analysis.

Sensitivity analysis. Sensitivity analysis was used to examine
the impact of each study on the overall OR by excluding one
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Figure 2. Forest plots of RSA risk association with miRNA SNPs under the homogeneous model. (A) miR196a2 rs11614913. (B) miR499a rs3746444 T>C.
(C) miR-146a 152910164 C>G. (D) pri-miRNA-125a rs12976445 C>T. (E) miR-149 rs2292832 T>C. (F) miRNA-27a rs895819 A>G. (G) miR423 rs6505162
C >A. (H) pri-miRNA-125a rs41275794 G>A. (I) miR-10a rs3809783 A>T. (J) miR-323b rs56103835 T>C. RSA, recurrent spontaneous abortion; miRNA,

microRNA; SNPs, single nucleotide polymorphisms.

study at a time. The sensitivity analysis results suggested
that overall effects were not influenced by any specific study,
ensuring the credibility and reliability of the results of the
present study (data not shown).

Discussion

RSA is a common pregnancy complication affecting 1-3% of
couples trying to conceive. Studies have shown that miRNAs
may play an important role in URSA and SNPs located both
in the pre-miRNAs or within miRNA-binding sites are likely
to influence the expression and function of the miRNA target
and thus may contribute to susceptibility to URSA (28-30).
The most common and widely studied SNPs in miRNAs are
miR-146a rs2910164, miR-196a2 rs11614913 and miR499a

rs3746444. Several studies have been conducted to inves-
tigate the relationship between these SNPs and the risks of
RSA (14-30). However, the results are contradictory and incon-
clusive. Srivastava et al (31) performed the first meta-analysis
on miRNA SNPs in RSA, suggesting that rs11614913,
1s3746444 and rs2292832 biomarkers may decrease the risk
of RSA under different genetic models. However, the most
recent study of the above meta-analysis was published in
June 2021 (31). The present study conducted an independent
meta-analysis on all available studies to assess the RSA risk
with miRNA SNPs as well as subgroup analyses by ethnicity
with larger sample size to improve understanding of the
association between these polymorphisms and RSA risk. This
meta-analysis reviewed the case-control literature on the asso-
ciation between miRNA polymorphisms and RSA risk and
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conducted an independent meta-analysis of eligible studies. It
included 18 studies involving 3,850 cases and 4,312 controls
involving 20 SNPs. miR499a rs3746444, miR-149 rs2292832,
miR-125a rs41275794 and miR-10a rs3809783 may enhance
the risk of RSA under different genetic models. Although
there was no association between the miR-125a rs12976445
and miRNA-27a rs895819 polymorphisms and RSA, they were
found to be statistically significant in certain ethnic groups of
populations.

miR-196a and RSA. Preliminary data suggested a significant
association of miR-196a with RSA. However, the results of
the present study showed no significant association. These
results were consistent with the study by Alipour ef al (14),
Babakhanzadeh et al (16) and Fazli et al (17). The results
of the present study contradicted the findings of the meta-
analysis conducted by Srivastava et al (31), which suggested
that miR-196a2 T>C polymorphism may be responsible for
recurrent spontaneous abortion. Significantly, some errors
existed when genotypic frequencies were abstracted by
Srivastava et al (31). For example, the CC and TT genotypic
frequencies in the case and control groups from studies of
Amin-Beidokhti ef al (15) and Wang et al (30) were reversed.
This could explain the differences in the current results.

miR-499a rs3746444 and RSA. Human SRY-box containing
gene 6 (SOX6) can recruit c-terminal binding protein
2 (CtBP2) to repress transcription of fibroblast growth
factor-3 (FGF-3), which is involved in cell proliferation and
differentiation during developing embryonic tissues and
SOX6 was identified as a direct target of miR-499 (40,41).
It is hypothesized that miR-499 expression deregulation
and dysfunctions caused by gene mutations can affect
female reproduction and fertility. Studies conducted by
Alipour et al (14), Fazli et al (17) and Parveen et al (23) found
a significant association of miR-499a with patients with RSA,
which is consistent with the conclusion of the present study.
Other trials yielded inconsistent results with no significant
correlation with RSA (15,19).

miR-146 rs2910164 and RSA. Alipour et al (14) suggested a
positive association between miR-146a C>G polymorphism and
RSA. This result is inconsistent with previous studies (16,19,23)
and the present study. Studies have shown that miR-146C>G
polymorphism enhances the expression of mature miR146a
which suppresses breast cancer metastasis (42,43). It has also
been reported that miR-146a significantly alters mRNA levels
of Fas by targeting its 3'-UTR of this gene (44). Women with
idiopathic infertility and recurrent pregnancy loss have lower
expression of FAS, which induces apoptosis in oocytes during
folliculogenesis (45).

miR-125a rs12976445 and RSA. Except for the homogeneous
model, no significant association was observed in the present
study in any genetic model. No significant association was
observed in studies by Srivastava et al (31) in any genetic model;
in their study, the genotype frequencies from pri-miR-125a
rs12976445 were reversed between case and control group
studies by Hu ef al in 2014 (18). This can somewhat explain
the inconsistency with the results of the present study.

miR-149 rs2292832 and RSA. The present study observed
statistical evidence for a significant association of SNP
152292832 within the miR-149 gene with RSA under three
genetic models, which indicated that the C allele and CC
genotype are risk factors for RSA. This result is inconsistent
with previous studies (14,31). The target genes of miR-149 are
Aktl and E2F1, which are involved in promoting cell growth
and cell cycle progression (46).

miR-27a rs895819 and RSA. miR-27a rs895819 is significantly
associated with increased frequency of RSA risk and repeated
implantation failure (33). However, the findings of the present
study did not show any association, consistent with the results
of Rah et al (24) and Srivastava et al (31). The subgroup study
showed no association in the Asian group but a significant
association in the Caucasian group.

miR-423 rs6505162 and RSA. A study by Wang et al (29)
found that SNP rs6505162C>A in coding region of miR-423
was associated with an increased risk of human URSA in
316 RSA cases and 309 controls, while Rah er al (24) and
Srivastava et al (31) observed no significant correlation with
RSA, which is consistent with results of the present study.
Studies by Srivastava et al (31), which included the same two
studies, reached the same conclusion.

miR-125a rs41275794 and RSA. Hu et al (18) identified that
two functional SNP sites in pri-miR-125a affected the expres-
sion of LIFR and ERBB2 and thus increased the RSA risk.
Vahedi et al (26) also reported that the number of alleles in
pre-miR-125a was significantly different and the dominant
inheritance model was proposed. Except for the recessive
model, the present study showed that miR-125a rs41275794
significantly increases the risk of RSA in all models.
Subgroup analysis also indicated that miR-125a rs41275794
may increase susceptibility to RSA. Srivastava et al (31) found
no significant connection in any genetic model other than the
homogeneous model. In that study, the genotype frequencies
from pri-miR-125a rs41275794 were reversed between case
and control group studies by Hu et al (18) in 2014. This can
explain the inconsistency with the results of the present study.

miR-10a rs3809783 and RSA. Studies by Li et al (21) and
Vahedi et al (26) discovered that miR-10a rs3809783 A>T
is conducive to a genetic predisposition to RSA, which is
consistent with the current findings. miR-10a rs3809783 A>T
disrupts the production of mature miR-10a and reinforces the
expression of Bim (21).

miR-323b rs56103835 and RSA. Studies by Wang et al (28)
discovered that miR-323b rs56103835 T>C was associated with
an increased risk of human URSA, while Vahedi et al (26)
found no significant association with RSA. No significant
association was observed in any genetic model except the
allele contrast in the present study.

The present meta-analysis has the advantages of including
more literature, studying more gene sites and conducting
more in-depth subgroup analysis than the previous meta-anal-
ysis (31). However, in addition to the significant heterogeneity,
a limitation of the present meta-analysis was that the number
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of eligible studies included in the total is insufficient to obtain
a precise assessment between SNPs in miRNA and RSA.

In conclusion, the current meta-analysis suggested a strong
association between miR499a rs3746444 A>G, miR-149
rs2292832 T>C, miR-125a rs41275794 G>A and miR-10a
rs3809783 A>T and RSA risk. Thus, these SNPs might
be recommended as a predictor for susceptibility to RSA.
However, the results of the present meta-analysis should be
interpreted carefully because of the heterogeneity among
study designs. To obtain a more scientific result, more relevant
case-control studies with multiple sample sources must be
conducted and included in the meta-analysis.
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