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Abstract

Objective: To investigate the correlation between genetic polymorphisms at three loci of MTHFR
gene C677T, A1298C, and MTRR gene A66G and unexplained recurrent spontaneous abortion
(URSA) through meta-analysis. Method: By searching the databases PubMed, EMBASE, and Web of
Science, a total of 953 articles were retrieved, including PubMed 213 articles, EMBASE 439 articles,
and Web of Science 301 articles. After reading the literature, preliminary screening was conducted
according to screening criteria, and a total of 43 articles were included for meta-analysis. Result:
Meta-analysis showed that the mutation rate of three loci of MTHFR and MTRR genes (MTHFR
C677T locus CC vs. CT + TT, A1298C locus AA vs. AC + CC, MTRR A66G locus AA vs. AG + GG) was
significantly different between URSA group and control group (P < 0.05). For the MTHFR C667T CC
vs. CT + TT group, a total of 35 articles were included, with a combined OR of 1.21, 95% CI
[1.10~1.34]. For the MTHFR A1298C AA vs. AC + CC group, a total of 14 articles were included, with
a combined OR of 1.18, 95% CI [1.04~1.35]. For the MTRR A66G AA vs. AG + GG group, a total of 3
articles were included, with a combined OR of 1.52, 95% CI [1.19~1.94], which is the MTHFR
C677T gene locus in the URSA case group. The mutation rates of A1298C gene locus and MTRR
A66G gene locus were significantly higher than those of the control group. Conclusion: The results
of this meta-analysis suggest that the C677T and A1298C loci of the MTHFR gene and the A66G lo-
cus of the MTRR gene are related to folate metabolism.
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52 R RLFE (recurrent spontaneous abortion, RSA) & 5 3500 U 2 W (1) 5 L A8 e B s 14 5000, 7™ B 520
WIS L () B O, AR EH BN AR TE U R A R R ) R, W BR 2 E ML K. BT
FINA RSA EFREEE 5 R — U RE AL R A >2 IR UR 28 A A BIEEIR Rk (1] 95 2 5K A= FH Bt (Royal
College of Obstetricians and Gynaecologists, RCOG) 2011 4EX§F- RSA [ & SIA—HofliEs k>3
IRUEYR 24 F 2 BT W IEGR 25 0% B0 4G AR A AR ORI F= [ 2] - 5 B AR B % 2752 2> (American Society for Reproductive
Medicine, ASRM) 2012 56T RPL 5 Y& : SR —AMEAEAE>2 KB NERE R, RHEFHZHE ER, ¢
i fe HHEER AE AL I OR T o BRI RAETE 5 IR iR 2% 23 (European Society of Human Reproduction and Em-
bryology, ESHRE)TE 2017 6 RSA &€ X oN: 5 F—FAE K A>2 IREEYR 24 B2 Wi R &K, I H A
AR . BETCEA W IRI, LKA 2 RARRSESL KA 3 IR E SRR 10 B B A
i, HORAE 2 IRE SR J5 B R B AR I AR B [ 3]0 7870 46 1R A A BRI 98 158 00 AR IR P+ 75 5%
FHE 2022 0T F ALK RSA € XN HIR—EABRELL K A>2 IREETR 28 LT gRE %, G
AEACBE YRR [4], BRI S A E LR ) B R S . BT, B A AR RSA HIREL. 228 B2k
e AR AEACBEIR . U A TSRS T TR — 1) B PRl ¥ T iR . R 2 30 SR X 0T RSA [)5E
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SRR U0 M. SR RS SHlE . RSA FIRAEXN LG ERE O, A8, Hl
AEFA DI RESEIGE B R, A BB M R Aok TR KM . RPL J5 (RIFL R AL S A%, E ARG
OARSE . TEMBHRE. NoWRE. RS BRI ER OB RHRERE S, J1H 40%~50%LL 1
() RSA F835 A K I B E0W K 2, BERR A B 5 8 52 & 14 i 7 (unexplained recurrent spontaneous abortion,
URSA) [2]. ITH#HKFKTF MTHFR. MTRR 3 FAH 5 RSA, JoljE URSA MMM K%L, (HETE
Wo BT ARFE, MR, AW ZE, HRTTENZESR & RSA K2 R R E R 2R, MR AT
KE 5 URSA AR F 48 RIFE AN . AR FdEd R, R 953 FCHk, midimg, s
[ meta 3T IEGNN 43 B SCHR, 7620 EXF MTHFR. MTRR 3 [K 22 2544 5 A B JiR (R A2 R P 30 72 FR AR 5%
PEHATER G T

2. AWK TFE
2.1. —i%#ER

FITEN N B SR 3 B 5 R AR B 2 A BB 2H 5 MTHFR C677T. A1298C 1 MTRRA66G )54
FE DRI 553 11 22 265 11 35 TR 704 ) A 3R 4555530 A7 ok FRURTE 7

2.1.1. NFRE

1) SCERZEAY IR B 5T 2) B N AN TR BRI R MR = s 3) SRR 158 SUA
BEAE 5 R — SRS R A2 IRIEYR 28 N EER ¢ 4) XA AR 1WA B il R T HEA
HZep7 g1 5) AfF5E MTHFR C677T. A1298C J2 MTRR A66G ="M £,

2.1.2. HEBRARE

1) REQFTIAT— T ROEZR TR . TEMHSE . WWmRE. ERES BMEaEans
s 2) SIS 3) EERRMSCHR: 4) REFIAHRRNE LR 0E L 5) SuEHE. A%
WaE. SNBSS,

2.2. WERREKTHE
K& BAEE 9 PubMed. EMBASE J2 Web of Science, #2508 N £ 8105 H HiaM g4, &

f1FE: Recurrent pregnancy loss. Recurrent abortion. Recurrent spontaneous abortion. Habitual Abortion.
Habitual Abortions. Abortion. Recurrent. Recurrent Abortion. Recurrent Abortions. Miscarriage. Recurrent.
Recurrent Miscarriage. Recurrent Miscarriages. Recurrent Early Pregnancy Loss. Methylenetetrahydrofolate
reductase. MTHFR. Methionine synthase reductase. MTRR %5, ¥ ik = AN 2 s R B I SCER SN
EndNote #EATHi%, JoLBR =B EDREL ISR, IR ERN . HrbrdE, B0 NAR e A 47 2t
ATHI0, R RISCEREE B 430, £ BRI STIRAN A 5 24 1) meta 7 H7 .

2.3. HIETRE

HARHEE =Ty MTHFR C677T A1298C Fil MTRRA66G (K& RN S R R e A8 22, N JE
PEEUHF S NTER FE AR AR S 45 R8s, EEAHEE 1. REFED. BHE. AR E. ERERSEE
SRBNAHER . FPEREL & B RNESRFE . 205 E—A8) . AR A 2878 K5 451 21 R0 5 iR 21
1 MTHFR C677T. MTHFR A1298C. MTRRAG66G 18 Ht [H B (1 4 % 2%

2.4. Gt AIE

i1t ¥7 K F Stata 16, MTHFR C677T. MTHFR A1298C. MTRR A66G K £ &M 54 ER &
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KRR BIAE M L OR B A H: 95% CI KRR o 41 1A EL 8 1 1 5 9 MTHER C677T CC vs. CT + TT.MTHFR
A1298C AA vs. AC + CC. MTRR A66G AA vs. AG + GG. i fHERE. QK. Pirfhimmit. >k
B SRR AR AR K . 2 P> 50%0, fEAERE SRR . 2 1P < 50%IK), SR @ E R A HEAT meta
I3HTo 24 1 > 50%»), R R E BRI ORI 20 A Al o S5 SR P SRR, B SR BE AL RS B A 14T meta 23 HT .
2R M N SCER R o R B 2 BT SR VRS meta 43 BT 45 SR AR EE,  BIXT BT 4RON R SCHR
HEATIZ— 5, W25 B — i SCHR 22 5 O S PR R 508y B AR Ak, T ) I e 2% 45 R e 1k
3. /R
3.1. TSR

Wik, HERF 953 Borilk, Hd PubMed 213 5. EMBASE 439 5. Web of Science 301 55,
S\ EndNote Ji, ZEBREECHR 323 55, BB 0bs 8 & 55 Z X R B 630 Fa SCRREEAT R0, HERR 508
WS, RIS 122 kDA A, HPTREERE S SON 14 5, SVUREN 12 /., LIRS E
Febrh 27 &, WIRABERAEANIE R E KRN 26 . &M meta 7081, FEA9N 43 5 3CHR. X
BRIRHEAE A 1 FTs .

CHERIS 3R
PubMed: n=213
EMBASE: n=439
Web of Science: n=301
IR EH SCHR
n=323
IR SCER o TRIEBRAAN G EEHERR i 30K
n=630 n=508
R A SCEHEBR B SCHR:
n=79
EAEX SWIHE: n=12
n=122 TR B A n=14
T RS RHERR: n=27
JEURSA: n=26
BAPNSHTIISCRR
n=43

Figure 1. Literature screening flowchart
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Table 1. Newcastle-Ottawa quality assessment form

%% 1. Newcastle-Ottawa [RE1E{EZR

POIME i xmu w03 R ORI o
Alkhuriji et al. 2021 * * * * * * 7
Arabkhazaeli 2016 * * * * * * 8
Babker et al. 2020 * * * * * * 8
Bae et al. 2009 * * * * * * 8
Bagheri et al. 2010 * * * * * * 8
Boas et al. 2015 * * ok * * * 8
Cao et al. 2014 * * ok * * * 9
Chatzidimitriou et al. 2017 * * ok * * * 8
Creus et al. 2013 * * *x * * * 9
Dutra et al. 2014 * * *x * * * 9
Farahmand et al. 2016 * * * * * 7
Goncalves et al. 2016 * * * * * 7
Govindaiah et al. 2009 * * *x * * * 9
Hohlagschwandtner et al. 2003 * * * * * 6
Hwang et al. 2017 * * * * * * 8
Jeddi-Tehrani et al. 2011 * * * * 6
Joksic et al. 2020 * * * * * * 8
Jusié et al. 2018 * * *x * * * 9
Kobashi et al. 2005 * * *x * * * 9
Kumar et al. 2003 * * *x * * * 9
Lin et al. 2019 * * ok * * * 9
Lino et al. 2015 * * ok * * * 9
Lopez-Jiménez et al. 2016 * * * * * * 8
Luo et al. 2015 * * * * * * 8
Makino et al. 2004 * * * * * 7
Mtiraoui et al. 2006 * * *x * * * 9
Mukhopadhyay et al. 2009 * * * * * 7
Ozdemir et al. 2012 * * * * * * 8
Pihusch et al. 2001 * * * * * * 8
Poursadegh Zonouzi et al. 2012 * * * * * 7
Puri et al. 2013 * * ok * * * 9
Saraswathy et al. 2018 * * ok * * * 9
Shaker et al. 2021 * * * * * * 8
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3.3. REAMRIE

%fF MTHFR C677T CC vs. CT + TT 4, 4id JRIEML, I7=69.9%, QKL P <0.001, #EmRARK
PINTISCERAFE I B e, HEESGE S, M EREER TR, 8 F 8 MAAE

SRR, WK 2. KB ERCERZ S, FRET R, I=0.8%, QL P=0.455,

SRR, HOR A B E RSB AT meta 4347

%+ MTHFR A1298C AA vs. AC + CC 4, &R, I7=289.8%, Q&I P<0.001, #RA
RN SCHRAEE R R e, BRA SR, e R IREER T R, 5 f 10 87
FESRRMERITTRE MR, WLE 3. BBk LR SCHRE, BRI R B, 1P = 0%, QK% P =0.585, iitHH
AFEES . Bk, R & BN 1T meta 7304

XFF MTRR A66G AA vs. AG + GG 4, ST FFERK, F=0%, QKK P=0.752, FRAKIA
(R SCRRANAAAE S P, SR 158 ROSAR AL 3T meta 347 o

4.01874

Figure 2. Star plot of MTHFR C667T CC vs. CT + TT
[& 2. MTHFR C667T CC vs. CT + TT I 21X E

Linear prediction

DOI: 10.12677/acm.2023.1391967

Il AR 1= 2718k


https://doi.org/10.12677/acm.2023.1391967

Linear prediction

3.89871

6.81656

Figure 3. Star plot of MTHFR A1298C AA vs. AC + CC
3. MTHFR A1298C AA vs. AC + CC HHE2IRE

3.4. Meta 7HT4E R

%}F MTHFR C667T CC vs. CT + TT 41, JLg N 35 5 SCHk, & )5 1) OR = 1.21,95% CI[1.10~1.34],
PERPI4LA] MTHFR C667T RABFA Gt 425, URSA AR5 Rx AR, WK 4.

Study Y
D OR (95% CI) Weight
Alkhuriji 2021 ——— 1.05 (0.57, 1.93) 275
Babker 2020 + > 6.78(0.35,133.13) 007
Bae 2009 —— 1.00 (0.63, 1.58) 498
Bagheri 2010 ——— 0.82(0.39,1.73) 210
Boas 2015 — 0.93 (0.54, 1.62) 355
Cao 2014 —— 0.86 (0.49, 1.50) 359
Chatzidimitriou 2017 —T— 210 (0.71,6.18) 0.65
Creus 2013 —— 1.23 (0.51, 3.00) 1.18
Dutra 2014 —— 1.09 (0.68, 1.75) 453
Farahmand 2016 —— 1.60 (1.17, 2.18) 862
Goncalves 2016 —— 1.03 (0.61, 1.73) 376
Govindaiah 2009 —— 1.05 (0.58, 1.87) 3m
Hohlagschwandtner 2003 —— 1.12 (0 67, 1.86) 381
Joksic 2020 —O—I-v- 0.63(0.27, 1.49) 179
Jusic 2018 —— 2.46 (1.24, 490) 141

Kobashi 2005 0.96 (0.47,1.97) 2.05
Kumar 2003 367(0.66,2042) 020

Lino 2015 0.98 (0.57, 1.70) 356

_+_
—_—
——
Lépez-Jiménez 2016 072(031,1.72) 165
Luo 2015 E’_ 170(102,282) 313
Mukhopadhyay 2009 468(0.98,22.37) 025
+
—+—
—_——
——
S
——
1
————————
—‘—
——
+
—.—
¢
| 1
| L
1

Pihusch 2001 1.12 (0.66, 1.90) 353
Poursadegh Zonouzi 2012 0.80 (0.40, 1.60) 238
Puri 2013 0.80 (0.47, 1.38) 415
Shaker 2021 1.50 (0.86, 2.61) 274
Sotiriadis 2007 1.39(0.75, 2.59) 229

Trifonova 2019 1.57 (0.89, 2.75) 263
Unfried 2002 1.77 (0.99, 3.16) 235
Vanilla 2015 1.00(0.12, 8.21) 024
Vettriselvi 2008 093 (0.47, 1.85) 229
Vora 2008 158 (0.72, 3.47) 134
Wolski 2017 1.19 (0.89, 1.58) 11.74

Yengel 2020
Yousefian 2014
Overall (l-squared =2.7%, p = 0.423)

1.44 (0 .87, 2.40) 334
1.34 (0.85, 2.11) 432
1.22(1.10,1.34) 100.00

00751 133

Figure 4. Forest map of MTHFR C667T CC vs. CT+ TT
4. MTHFR C667T CC vs. CT + TT BIZRHK[E
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%+ MTHFR A1298C AA vs. AC + CC4H, FL49 N 14 55 Tk, & 37 /5 1 OR = 1.18,95% CI [1.04~1.35],
PERP 4R MTHFR A1298C RAFEG G124 %R, URSA HRRA R AR, W 5.

Study %
D OR (95% Cl) Weight
|
Alkhuriji 2021 —# 1.49 (0.86, 2.61) 508
Bae 2009 B S 0.85 (0.54, 1.35) 9.91
Bagheri 2010 1.01(0.48, 2.15) 338
Chatzidimitriou 2017 * 0.79 (0.28, 2.27) 193
Joksic 2020 0.67 (0.28, 1.58) 321
Lin 2019 —v—-o— 1.36(1.01, 1.83) 18.84
Lopez-Jiménez 2016 - 0.95 (0.40, 2.28) 259
Mtiraoui 2006 —_— 1.58 (1.06, 2.37) 9.49
Sotiriadis 2007 1.00 (0.56, 1.80) 5.59
Wolski 2017 — 1.10(0.83, 1.47) 2223
Yengel 2020 ¢ 1.10 (0.66, 1.84) 6.98
Yousefian 2014 —— 153 (0.97, 2.43) 7.38
Zhai 2022 - 0.93 (0.43, 2.00) 339
Arabkhazaeli 2016 (Excluded) 0.00
Overall (I-squared = 0.0%, p = 0.585) <> 1.18(1.04, 1.35) 100.00
|
I : I
276 1 3.62

Figure 5. Forest map of MTHFR A1298C AA vs. AC+ CC

[ 5. MTHFR A1298C AA vs. AC + CC BIZRHK[E

Study
ID

Cao 2014

Lin 2019

Zhai 2022

Overall (I-squared = 0.0%, p = 0.752)

—

OR (95% CI)

1.31(0.77,2.23)

1.54 (1.14,2.08)

py

1.83 (0.89,3.78)

1.52 (1.19,1.94)

X+ MTRR A66G AA vs. AG + GG 4, LGN 3 53Tk, &35 /F 0 OR =1.52, 95% CI[1.19~1.94],
FERP AR MTRR A66G RAZFA G475, URSA AR RIL AR, WK 6.

%
Weight

22.57

67.06

10.37

100.00

T
285

1

Figure 6. Forest map of MTRR A66G AA vs. AG + GG
B 6. MTRR A66G AA vs. AG + GG BIFRHK[E]
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Funnel plot with pseudo 95% confidence limits
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Figure 7. Funnel diagram of MTHFR C667T CC vs. CT + TT
B 7. MTHFR C667T CC vs. CT + TT iRHE

Funnel plot with pseudo 95% confidence limits
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Figure 8. Funnel diagram of MTHFR A1298C AA vs. AC+ CC
] 8. MTHFR A1298C AA vs. AC + CC KJim=+HE

3.6. HRMSH

B AR SCHE, OR (&K 95% CT BHAK, $omiZih suas REE MRS, W 10, 4]
11,
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Funnel plot with pseudo 95% confidence limits
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Figure 9. Funnel diagram of MTRR A66G AA vs. AG + GG
& 9. MTRR A66G AA vs. AG + GG KJiRHE]

Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate Upper CI Limit
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Figure 10. Sensitivity analysis of MTHFR C667T CC vs. CT + TT
10. MTHER C667T CC vs. CT + TT BIBUR M4 47
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Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit

Alkhuriji 2021
Arabkhazaeli 2016
Bae 2009

Bagheri 2010
Chatzidimitriou 2017
Joksic 2020

Lopez-Jiménez 2016

Mtiraoui 2006
Sotiriadis 2007
Wolski 2017
Yengel 2020
Yousefian 2014

Figure 11. Sensitivity analysis of MTHFR A1298C AA vs. AC + CC
11. MTHER A1298C AA vs. AC + CC BIBUR M SR

3.7. &g

A meta ZEXE 45 RIRIR: MTHFR Z£ K1) C677T. A1298C A AT MTRR £ [A ] A66G fif /5 5 M
TR 5. URSA #H5% B4 ] MTHFR C677T CC vs. CT + TT. MTHFR A1298C AA vs. AC + CC.
MTRR A66G AA vs. AG + GG HIRAL R 27 H Gt %5 (P <0.05). HJ URSA {541 MTHFR C677T
BRIAT 5. A1298C JEAAZ AT MTRR A66G HE PRI 55 1t 5848 8 45 3 v T %o TR 4L
4. ¥Wig

BT, HERCHHES MTHFR. MTRR A FH g Fe skl =2 200 . T T B2 ERekid, Jo
FRX T A A RAEUR S M A0 5, R AR DG TR 5 22 A5 14 T e S A2 B RO, (E G IR 4518
BRI L D 22 251, 455172 MTHFR. MTRR 5 URSA FIMIGMERF 4518 5% 5. HER A ¢ Bt
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