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RE2R MIRIE P 2 5Pk B 3L 15 [l 29 9] e b 5 11
22 HAE S AR ] B it 1) SC IR E o

E & INEE MBIE FEE NEBE EEM THE ARE

(PaAXFREAETEFRATRES TARTF R, HdHKY  410013)

(HZE] BM FITEEE MTRIE N 22850 LS B2 A 75 1022 EAES AR ERIFR SR (ventricular
septal defect, VSD) [5CHE. 775k RAROINIRBIGT, R3L426 11 1 % Loy VSD g LRESE 1740 1 [R) 4 i B e R
BUBEE . Gl S A O B R A DGR AR B, IR MR A A7 36 0 2 28RN . R FH 2 & logistic
[ ] =1 R 30 M 2 AR AL B logistic MU0 HT A 15,5 VSD A SEIE . i FH A 438 Fll Logistic [0 43 AFF R334 15, S 0
FRANFE ] AR I AAH IR AS AR . S5 58 BF5F MTR JE[H rs6668344 fi7 15 CT FITT BB 1 A0 XF VSD 14 5 8tk
(P<0.05) ., 153768139 fi7 15 GC FI CC | 151050993 {37 5 AG FI GG I | 14659743 {37 5 AT FITT %I | 153768142 {37 15,
GG, 153820571 {3 5 GT FITT B 5 VSD & A KU FEIRAT O (P<0.05) o 16668344 13 15748 5 5 F#h 78 X5 VSD /£
TERS PR Z HAER (P<0.05), 518 155 MTRIER 238505 TR VSD &4 A5 . 156668344 1 5578 5
FEIZE S b 3 P AR LA VSD S 8, $ 7 st 1% e JXURS: AR B 7 b 5 -2 LA TR -4 VSD 1 &A=
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Maternal MTR gene polymorphisms and their interactions with periconceptional
folic acid supplementation in relation to offspring ventricular septal defects
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Bi. Department of Epidemiology and Health Statistics, Xiangya School of Public Health, Central South University,
Changsha 410013, China (Qin J-B, Email: qinjiabil23@163.com)

Abstract: Objective  To investigate how maternal M7R gene polymorphisms and their interactions with
periconceptional folic acid supplementation are associated with the incidence of ventricular septal defects (VSD) in offspring.
Methods A case-control study was conducted, recruiting 426 mothers of infants with VSD under one year old and 740
mothers of age-matched healthy infants. A questionnaire survey collected data on maternal exposures, and blood samples
were analyzed for genetic polymorphisms. Multivariable logistic regression analysis and inverse probability of treatment
weighting were used to analyze the associations between genetic loci and VSD. Crossover analysis and logistic regression
were utilized to examine the additive and multiplicative interactions between the loci and folic acid intake. Results The CT
and TT genotypes of the maternal MTR gene at rs6668344 increased the susceptibility of offspring to VSD (P<0.05). The GC
and CC genotypes at rs3768139, AG and GG at rs1050993, AT and TT at 154659743, GG at rs3768142, and GT and TT at
1s3820571 were associated with a decreased risk of VSD (P<0.05). The variations at r1s6668344 demonstrated an antagonistic
multiplicative interaction with folic acid supplementation in relation to VSD (P<0.05). Conclusions Maternal MTR gene
polymorphisms significantly correlate with the incidence of VSD in offspring. Mothers with variations at rs6668344 can
decrease the susceptibility to VSD in their offspring by supplementing with folic acid during the periconceptional period,
suggesting the importance of periconceptional folic acid supplementation in genetically at-risk populations to prevent VSD in
offspring. [Chinese Journal of Contemporary Pediatrics, 2024, 26(9): 899-906]
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He R MERS  (congenital heart disease, CHD)
2y AR B 173, S ERLLBET R R A7
BT R . E R (ventricular septal
defect, VSD) 4.0 % [] B A7 78 17 5L A SE R AE L
ERSTE , Rt LA CHD WA (2945 40%) @, 3K
[ VSD H A= O % 1.41/1 000 #74E LWL Rl
CHD (E45VSD) BILAIKLA . AR T AR
PHIIELR 54 70200, PHAROAIIE o VSDAGIA
0%, W MR IN R LA HAE R . MG
iR FH P 1 1 7= AR AR VSD & A IRURS: Sk oA IR I i
90.61 4% 7 SR, PSRBT TPk &
RHY Az BB BIE 58 A5 N T kb 58 R Y AR 4 A
FH 0, AT PR A AT iR AR RE A 25 5
RV AL 25 b 7 R 1A A RN A2 381 i R A g i A2
HH G EE RS20 o B B 20 PR 5 8 (methionine
synthase, MTR) & it R - [W] 2 2} it 2 W
(homocysteine, Hey) AR R0 SCHERE . AR IR
AR Y 5- T BE DU SRR N Y, fE4EE R B,
SN FVE T R 2P Q™ ) Hoy BEFTH AL AR
iR, iz el MTR {1k . MTRJEH AR 5
SIERREEVE TRE, ERUAN Hey B, MIRFI/N B
SRR NG KT PR TR Hey 4 1
VSD A A3 1 NHERIFGE IR & 30 VSD HR LB
1ML Hey ¥ BE i TR R, YATHFR R T
MTR %[N rs1805087 37 i HLA% R 22 454k (single
nucleotide polymorphism, SNP) 1 CHD fyJCHE 7,
GERAFAE S BME Y, BRI A R
REAEAT S e % I 2 28540 5 VSD MBIy O
B, HAURMRT/DESNP; i TSR &R Fl 22 b
FEH IR MTR J5 P 232 BAE RO AR S . A4
FELABE e Jg BEmlt, SR Fw B0 IR F 5 i), IR Al
FH ] Pk DF 43 30 A 32 4b 3RO AL 3 (inverse
probability of treatment weighting, IPTW ) % il 12 4%
IR, TR MTR N 22 73850 K H 5 [l 2 0
MR Ah FERYSZ HAE IS AU VSD Y SCHK i 8 18t
L G2 . SeHUREETRT RS %

1 RS

1.1 HRWTK
ARBIF T A DA S 58 Ay Al 9 95 49 % BEBE 5T 47

L2021 4F 12 H—20224F 12 AZEMIRG 4 LT E RO

JANELERIZ B9 1 2 LN VSD fELEREE e il 2, )
— AT IR R B A RHMAAG Y 1 %7 DL e 22 LRk
By paiEie

TRIZHAN ARE: (1) FRIRIE PRYSE 73285 11
FR bR (htips://icd. who. int/browse/2024-01/mms/end#
668140715), ZR A= O E AT ARSI
LW VSD LRI BEE; (2) DUE; (3) HRE
5 (4) PR VENEESE; (5) ZF RN RE
. SERR A R R S LM R bR AS HT T SNP
Kol o HEBRARUE: (1) ARAD2ebkaR; (2) PEREG
RS HAD RGERIE BILI RS (3) S5HALREE
ARG (4) R Z 2R R EaUE AT
F P R AN RE L G 58 U A 1 BE2E

Xof B ZH Ay 28 (ARG 4] i B O JIRE R J T 552 0 JIRE 45
. DIREXIE R LM BE R, HAB Y AFHERR
e [R5 24

AW 1 PR R URE 2 L T AR A e Ae
HZ oA (A XYGW-2021-01).

1.2 [EHAE

H 283t 58— 55 I A 8 A 53 T & 100k 1 [R) 455 A
A, BARNEESE: BOE RO (R4
IMAEWS . ZARTREIR S . ZHFEHE . R,
FHEFWA) . DA EIRIFAIE R . R =AR
UERUSHC L . SR B AR b s AR Y A
B s ) . ZERTAETG I (AR ETIWOE . i)
AILEEARFE (M A=, =), MR
TR E O3 B R (2131 1)
THI R 2 5 d X UL F AR AR 220 400 pg i
Mo A LY, ABFFAIA T IS TAEN Y
BESE, I ) R e i 191 28 8 M1 28 7 i DR T WY
s B,

1.3 SNP#:il

K2R 36 1 [ A Y R AE Bt (National
Center for Biotechnology Information) 1) SNP %% 3 /2
(https://ncbi.nlm.nih.gov/) 1 MTR %&£ K Y 32 % SNP
DA, IR BB HRERE 20,8 FIKSF 07 HE
$12% (minor allele frequency, MAF) >0.5 19 <143
Friiie.

) B A, T ERFZE A S mL
SR ERRK L, JFE T O W L TR EEE
3 500 r/min #.0> 15 min LLJ> & MR FNMANN, TF0R
FFT-80°CUKAE . BT A FEA I S B4R AR S T LR W) 22
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N #H QlAamp DNA Mini kit (Qiagen,
Valencia, CA, USA) +4 BEBR E 7 F2 2 B i 40 ftg /Y &
24 DNA. H|H Massarray €47 I [A] BT  (Agena
iPLEXassay, San Diego, CA, USA) X} MTR R {37 5
PEATAGIN, BARAS I AR th AR AL (dbsD)
ARAFTE
1.4 FHiTZEHH

KM Epidata 3.1 8N BHE P, RUASE AR
BER . KRR A30 AT G200 Hr . T
FOBER ORI e (%) AT SEiHiik .
- I K 5 K Mann-Whitney UK 56 FH 45 451 25 %)
MRZHFE R RRAE By LU, X TR A G FE X
(P<0.05) (P26, THEHAm I Mo, JFR
IPTW 32 X5 {61 ZEL FIXH B ZEL AL Ay g pE SMURE AR
DLV P TR TR A PR A = P v A 4 %
2 (standardized mean difference, SMD) TS ITALHET
Je AL UM S I AR, SMID<0.1 2% B ¥ i 14 -
I AULE D0 B R D7 46 36 40 Ui o 1 2 A 4% SNP iz
USRS W - R A A - # (Hardy-Weinberg
equilibrium ), P=0.05 A\ Ak B8 EF-Af

K HZ K logistic M1 F128 IPTW Ji5 () logistic
[l Y3554 SNP S HAE i PEACHY (BF A= B vs 878
MG F+BMET) FRYAXHER I (odds ratio,
OR) I 95% B A5 IX]A] (confidence interval, CI), P4
PO g . ENIE. R SCAE S A A logistic
1A 53 BT PR 1T MTR ik 5 &3 555 4 58 IR 22 18] 114
FRM AR S S BAE L JF 588 AURE X 1 I B
(relative excess risk due to interaction, RERI) . 3¢ H.
£ 1 A 5@
interaction, AP) FIFEIFEELC (synergy index, S), LA
L AEHAE I ORH X 95%CL, th T 2 H LA
B8 ORT R FH MR RS R A HE 3R, SR ] Benjamini-
Hochberg 7 X} PEIfTEAR K ILE (false discovery
rate, FDR) AZ1E, FDR_P<0.05 it ik hy 22 545 i it
E5-9'8

(attributable proportion due to

2 #R

21 —RRER

2 40 N FHE G b 74 fe 2447 55 1166 B BF 5% %
%, HiBldl 426 6], XFHRLL 740 6] PHALTESZ
HEHFE (U=86954, P<0.001) . JEfFH (4=
41.801, P<0.001) . % JE F W A (=71.574,
P<0.001) . WEORIFARAES ('=77.624, P<0.001) .

FWE AT EISAC S (=13.989, P<0.001). FKji%
BB A BRI S (°=19.837, P<0.001) . ZRi{I A
((=19.602, P<0.001) . 22 {i Tk W (’=7.884,
P<0.001) FIFARHES (=10.390, P<0.001) J7ifi
2= A g

22 IPTWREBERHFAIASHEBAELIFMEDN
bk

PL_E ik 9 AR A o PR A AR 1 EA T IPTW Ab
P, AbPRS LRI MR T (SMD<0.1), £ P
AN ZEF WG #E L (¥ P005),
W1,

2.3 EfEFEKRIE

Xof HEZH N\ MTR 518 18 > SNP 7 S A T804
PLEEREES, WFR2 7N, BRrs2229276. 151805087,
1s2275565 . 1s10925252 #h A 14 437 25 45 A 35k
e E A (P>0.05), JRZEXTiX 144 SNP A s it
(i
24 BEMREREZEMEFHK VSD K XE
i

B FR logistic [ IH 43 A7 i /s, 13768139,
156676866,  1s1050993,  rs4659743 . rs3768142,
154659724, 156668344, 1s3754255 ., 1s3820571 i 5,
ZAMS VSD B CIA G it & L (¥ FDR_
P<0.05) . % [H & logistic [n] 3 F1 IPTW 4k 3 5 £
logistic [ 73T LAV S5 2805 7R VSD 1 56
e, S5 W3,

Z H & logistic [FH 3 Hr 3B, £:5E MTR 3L
156668344 {37 5 CT FI TT BB AN T F 4% VSD 19 5
M, 1s3768139 131 5 GC AT CC AL, rs1050993 {37 5,
AG Fl GG % | 1s4659743 i & AT F1 TT #J |
rs3768142 v 15 GG # J rs3820571 43 25 GT FI TT #d
55 VSD 1y & HE AU B OC, DA A6 a5 b PR A
AN 5 VSD W R ERA S it 4 L (¥ FDR_
P<0.05), IPTW AL BEJ5 i logistic [T 23Hras SR 5 £
K % logistic [BIH 3BT I 25 SR — 2.

2.5 SNP{I&mS5MHER4NFELZEMERSH

ZIPTW BRI R G, B FEZR R et
1% %F A8 VSD A - 372 (OR=0.73, 95%CI:
0.56~0.96, P=0.025). s3#i#h stz Lk L logistic
[l A GE T E 2 5 SIS 5 22 [B] (R Jin A AH 3fe 22 B
Y, 45521 rs6668344 37 175 S 5 [ 2 3] - iR
IR TR VSD R A fEEFS B ZE HAER (OR
=0.43, 95%CI: 0.26~0.69, FDR_P<0.05), %4,
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1 IPTWAERERGIA S RBARKSMEHLEE [0 (%) ]
LSZi Kb PR
ESES X e 2H g 2l X A2 S 2
e - SMD P e - SMD P
(n=T740) (n=426) fit (n=1134) (n=1182) fit
INERLLTE 9(1.22) 43(10.09) 41(3.62) 53(4.48)
o 144(19.46) 195(45.77) 311(27.43) 343(29.02)
R 0.895 <0.001 0.058  0.892
B rpag 246(33.24) 123(28.87) 374(32.98) 374(31.64)
KREWAF L T 341(46.08) 65(15.26) 408(35.98) 412(34.86)
R
Akt 402(54.32) 313(73.47) 676(59.61) 673(56.94)
0.407 <0.001 0.052 0515
bRl 338(45.68) 113(26.53) 458(40.39) 509(43.06)
FEEAFILA (Ji70)
<10 530(71.62) 394(92.49) 890(78.48) 935(79.10)
0.565 <0.001 0.016  0.878
>10 210(28.38) 32(7.51) 24(2.12) 247(20.90)
WEYRITSIE S
5 675(91.22) 305(71.60) 991(87.39) 999(84.52)
0.521 <0.001 0.084  0.200
ys 65(8.78) 121(28.40) 143(12.61) 183(15.48)
FWE AR SR WS
& 737(99.59) 413(96.95) 1125(99.21) 1 166(98.65)
0204  <0.001 0.024  0.750
7= 3(0.41) 13(3.05) 9(0.79) 16(1.35)
FIGR B A Bl o
& 733(99.05) 404(94.84) 1 106(97.53) 1149(97.21)
0.247 <0.001 0.024  0.750
2 7(0.95) 22(5.16) 28(2.47) 33(2.79)
ZEHTIR
= 724(97.84) 394(92.49) 1 096(96.65) 1 120(94.75)
0.251 <0.001 0.091 0.210
= 16(2.16) 32(7.51) 38(3.35) 62(5.25)
ZEHTIRIE
7 686(92.70) 374(87.79) 1 043(91.98) 1 088(92.05)
0.166 0.005 0.003  0.955
B 54(7.30) 52(12.21) 91(8.02) 94(7.95)
P
5 473(63.92) 231(54.23) 691(60.93) 761(64.38)
198 0.001 0.071 0329
5’8 267(36.08) 195(45.77) 443(39.07) 421(35.62)
W [IPTW ] SR AN B INALE ; [SMD] brifefb3ghos .
*R2 FERZE MTREE SNP {i S 148 - (A& E &K I
. . SR R AT FRIBHE PRI ARUTAL
HEMLE  BAEA MAF b — PE] Pl
AA AB BB AA AB BB
15955516 T/A 0.375 263 342 135 255 359 127 1.646 0.199
151266164 C/T 0.338 507 218 15 513 206 21 2.319 0.128
1s3768139 G/C 0317 507 218 15 513 206 21 2.319 0.128
156676866 G/T 0.475 226 356 158 221 367 153 0.650 0.420
151050993 AIG 0.368 549 176 15 548 177 14 0.041 0.839
152229276 AIG 0.391 275 311 154 250 360 129 13.761 <0.001
154659743 A/T 0317 531 194 15 533 190 17 0312 0.577
151806505 C/T 0.368 260 352 128 257 358 125 0.224 0.636
153768142 T/G 0.378 277 346 117 274 353 114 0.267 0.605
154659724 G/A 0.362 273 338 129 264 356 120 1.890 0.169
156668344 C/T 0.395 299 330 111 291 346 103 1.605 0.205
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&gk2
S iy A VAF S B R AT P HE R RUATIA e Pl
AA AB BB AA AB BB
1s1805087 AIG 0.191 597 127 16 590 142 9 8.177 0.004
1s4077829 G/T 0.295 258 354 128 256 359 126 0.121 0.718
12275565 G/T 0.226 517 193 30 509 210 22 4719 0.030
1s3754255 C/T 0.313 203 349 188 193 370 178 2.351 0.125
13820571 G/T 0.376 552 173 15 551 175 14 0.112 0.738
1s10925252 T/C 0.377 295 311 134 274 352 113 10.250 0.001
1s12060570 G/C 0.377 262 350 128 258 358 124 0.358 0.550
TE: [MAF] WAEMIIEFEMSE; [SNP] 28, AA. AB. BBAMIHEITERL SRARS G T RIZARAE T
%3 BFEMTRERESNP IS5 FR VSD B XL
SNP {37 1, Z N 2 logistic [ IPTW J5 logistic [
BERI Y
[EAL R OR(95%CI)* P FDR_P OR(95%CI)* P FDR_P
1$3768139
GG 1.00 1.00
GC 0.27(0.13~0.54) <0.001 <0.001 0.22(0.13~0.35) <0.001 <0.001
cC 0.22(0.11~0.43) <0.001 <0.001 0.21(0.13~0.33) <0.001 <0.001
AR 0.23(0.12~0.45) <0.001 <0.001 0.21(0.13~0.33) <0.001 <0.001
156676866
GG 1.00 1.00
GT 1.16(0.85~1.60) 0.355 0.355 1.00(0.83~1.21) 0.993 0.993
TT 0.76(0.49~1.16) 0.204 0.230 0.80(0.63~1.01) 0.062 0.070
S PEAR R 1.05(0.77~1.42) 0.772 0.772 0.94(0.78~1.12) 0.464 0.474
rs1050993
AA 1.00 1.00
AG 0.30(0.14~0.62) 0.001 0.002 0.23(0.14~0.38) <0.001 <0.001
GG 0.26(0.13~0.51) <0.001 <0.001 0.24(0.15~0.38) <0.001 <0.001
SRR 0.27(0.13~0.53) <0.001 <0.001 0.24(0.14~0.38) <0.001 <0.001
154659743
AA 1.00 1.00
AT 0.24(0.12~0.50) <0.001 <0.001 0.19(0.11~0.31) <0.001 <0.001
TT 0.25(0.12~0.50) <0.001 <0.001 0.24(0.14~0.38) <0.001 <0.001
SRR 0.25(0.12~0.49) <0.001 <0.001 0.23(0.14~0.36) <0.001 <0.001
rs3768142
TT 1.00 1.00
GT 0.75(0.55~1.02) 0.066 0.085 0.84(0.69~1.01) 0.055 0.081
GG 0.57(0.36~0.87) 0.011 0.017 0.56(0.43~0.72) <0.001 <0.001
SR ARE A 0.70(0.52~0.94) 0.018 0.027 0.76(0.64~0.90) 0.002 0.003
154659724
GG 1.00 1.00
GA 1.16(0.85~1.60) 0.354 0.355 0.96(0.80~1.17) 0.696 0.783
AA 1.51(0.91~2.30) 0.057 0.073 1.30(0.93~1.72) 0.056 0.070
S PEAR A 1.26(0.93~1.70) 0.135 0.152 1.07(0.89~1.28) 0.474 0.474
rs6668344
cC 1.00 1.00
CT 1.57(1.14~2.16) 0.006 0.011 1.45(1.21~1.76) <0.001 <0.001
TT 2.05(1.36~3.10) <0.001 <0.001 1.67(1.30~2.14) <0.001 <0.001
i AR 1.68(1.25~2.29) <0.001 <0.001 1.51(1.26~1.80) <0.001 <0.001
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&R3
SNP A 54, LK% logistic 11 IPTW Ji5 logistic 5]
[REP Y
P i) OR(95%CI)" P FDR_P OR(95%CI)" P FDR_P
13754255
CC 1.00 1.00
TC 1.40(0.98~2.01) 0.063 0.085 1.22(0.99~1.50) 0.063 0.081
TT 1.28(0.85~1.94) 0.243 0.243 1.00(0.78~1.27) 0.981 0.981
T PEA TR 1.36(0.97~1.93) 0.074 0.095 1.14(0.94~1.39) 0.187 0.240
13820571
GG 1.00 1.00
GT 0.26(0.13~0.54) <0.001 <0.001 0.20(0.12~0.32) <0.001 <0.001
T 0.22(0.11~0.42) <0.001 <0.001 0.20(0.12~0.32) <0.001 <0.001
AT 0.23(0.11~0.44) <0.001 <0.001 0.20(0.12~0.31) <0.001 <0.001

T RN RS2 AERE . . FIEFRA L EIRTF RS GO S UL RIS B . GBI L A R S AT
RPN . [SNP] B IFRRZ AR [VSD] FMIFGE; [IPTW ] i Aeqk BnALy: .

®4 EEMTRERMRZHMESHEEFEXFHR VSD R ERBMMERLZEER

MTRILH AL AHINAE FAE AHeAE H AR

RERI(95%CI) AP95%CI) S(95%CI) OR(95%Cl) P FDR_P
133768139 0.18(~0.10~0.46) 0.38(-0.81~1.57) 0.74(0.63~0.88) 1.07(0.67~1.72) 0.777 0.987
151050993 0.15(-0.05~0.34) 0.22(~0.40~0.83) 0.68(0.25~1.86) 0.98(0.60~1.62) 0.941 0.987
154659743 0.14(-0.02~0.30) 0.20(-0.31~0.72) 0.68(0.23~2.07) 1.00(0.62~1.64) 0.987 0.987
153768142 0.28(0.06~0.50) 0.95(-0.88~2.78) 0.71(0.64~0.80) 1.32(0.88~2.00) 0.177 0.531
136668344 5.24(-4.47~14.95) 0.51(0.24~0.78) 2.32(1.40~3.84) 0.43(0.26~0.69)  <0.001 <0.001
133820571 0.13(-0.06~0.33) 0.13(-0.14~0.39) -0.47(Na)* 0.86(0.53~1.41) 0.546 0.987

T GBS HUh RERIFSBBARX G, APISZEAERIAK L, STEUREE, FDR_PIEFRRIMERIES MY P, TEMEEREL
EZHERE . R, FEFWA | GIRIFRAE L . ZOE = AOR RIS . SO AR B s . 2RI L A AT R 1A QR 5

TR RN, BRI ST

3 itig

MTRIEH e FYafk 143, &4 33498
T, % 1265 R IERH A E T . SNP &
R LB 280, B wt e iae vk HAe 4 B
e AR e, DR T8 B SR 3 [R5 A 1Y)
WF5E . 21T MTR 3[R 22 25 M 0F 55 #4171 SNP
rs1805087 (A2756G) , H:5 919 {3 % b 1 & A= &
AR EAH T PR 5 A Ak R 114 R A& R A
N HERR P, A AR RN G M. Liu 45 1
K BAZAN 1 4 A S AR FAF AR L5 45 fIE AL CHD 19 XU
e T 5.851%, MW KMz S 25 S
CHD Z [RI [ RBE TCGe 4 > ™, H Su % ™
RIS T 5 VSD 1 BTG X,
TotF ¢ X MTR FE R HAA 55 28515 VSD g ¢
Bk, AR5 L A R logistic MH M7 i7s, B 5%
MTR £ [H 16668344 i/ 1 A8 5 51X VSD &34

, N, R S, BE 95%CI.

F M OE, 183768139, rs1050993 . 14659743
153768142 Fll1s382057 1 {3/ s A8 R T F1L VSD &
B IR R, SR A PEPES IPTW Ak
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