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— R, BB S HAR AL M SRR 2R, B R BB . ABSY B FERR 127 B 22 R 7%
MR SZ K 1 FE R (FOLRD AR 37 4 2 JE R (FOLR2) 2 25k K Wi A HAE S TR CHD B2 &, LA R R 23 iR
i A5 AR AR SRR A T R . AR SRAEEBC N SERE G BT IRAFFY, #3855 20174F 12 1 2202043 H
TE A8 LB BEBER 210 569 ] Szl CHD B LIREE AR GIZE, DARI . ZBeifis i Jo 5 KA B 1) 652 161 1E
JURBRESE X HRZ ik DATR) S SR SRR A T TR, WCHE R N 25 BRI B2 A G R H R, IR RAEBE2R
FkIM 5 mL BT FOLRI FN FOLR2 FE A Z 28 . R 2 K 2% logistic [PIA AT R I HEE R 22 W IR 2 . FOLRI
FIFOLR2 B L5 R E Z HAEH S FAC CHD i, R : L E logistic FIH/MT /R . MERH R,
1 272 30 B FH PR BE 0 8 35 FAIK 1 CHID 178 JRUS: [ 8 %5 114 A1 X AE S H (adjusted odds ratio, aOR)=0.58, 95% CI: 0.35~
0.95], BE3E FOLRI R /5 1s2071010(G/A vs G/G: aOR=0.67, 95% CI: 0.47~0.96)5 71 CHD UK & & 4H 5% [P<
0.05, 45i% % ¥ P{(false discovery rate P value, FDR P)<0.1]; FOLR2 3&[H {7 /5 rs514933(T/C vs T/T: aOR=0.60,
95% CI: 0.43~0.84; C/CvsT/T: aOR=0.55, 95% CI: 0.33~0.90)7E B PERIRI[(T/C+C/C) vs T/T: aOR=0.59, 95% CI:
0.43~0.8 1 FIMIEAL Y (C/C vs T/C vs T/T: aOR=0.70, 95% CI: 0.56~0.88) F %5118 CHD XU & 56 (3 P<0.05,
FDR P<0.1), 152071010 G—A(aOR=0.59, 95% CI: 0.41~0.86)H1rs514933 T—>C(aOR=0.52, 95% CI: 0.37~0.74)5 &}
S BBl 2 1 IR FH R 7E 748 CHD & 4 T AE7E A B AE I (P<0.05, FDR_P<0.1)., Z5it: #F3E4#HF FOLRI H:IH rs2071010
G—A 5 FOLR2 3£ [H 1s514933 T—C 1Y 28 48 RURR A% B AIL 18 CHD 9 & A= KUK, HL il 22 9 i ) o 2 o] L fk SNP
152071010 F1 SNP rs514933 X F1 % 4= CHD W4 VEH
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ABSTRACT

KEY WORDS

Objective: Maternal periconceptional folic acid supplement is by far the most effective
primary prevention strategy to reduce the incidence of congenital heart disease (CHD) in
offspring. It was revealed that the underlying mechanisms are complex, including a
combination of genetic and environmental factors. The purpose of this study is to
investigate the association between periconceptional folic acid supplement, the genetic
polymorphisms of maternal folic acid receptor 1 gene (FOLRI) and folic acid receptor 2
gene (FOLR?2) and the impact of their interaction on the risk of CHD in offspring, and to
provide epidemiological evidence for individualized folic acid dosing in hygienic
counseling.

Methods: A case-control study on 569 mothers of CHD infants and 652 mothers of health
controls was performed. The interesting points were periconceptional folate supplements,
single nucleotide polymorphisms (SNPs) of maternal FOLRI gene and FOLR?2 gene.
Results: Mothers who took folate in the periconceptional period were observed a decreased
risk of CHD [adjusted odds ratio (aOR)=0.58, 95% CI 0.35 to 0.95]. Our study also found
that polymorphisms of maternal FOLRI gene at rs2071010 (G/A vs G/G: aOR=0.67, 95%
CI 0.47 to 0.96) and FOLR2 gene at rs514933 (T/C vs T/T: aOR=0.60, 95% CI 0.43 to
0.84; C/C vs T/T: aOR=0.55, 95% CI 0.33 to 0.90; the dominant model: T/C+ C/C vs T/T:
aOR=0.59, 95% CI 0.43 to 0.81; and the addictive model: C/C vs T/C vs T/T: aOR=0.70,
95% CI 0.56 to 0.88) were significantly associated with lower risk of CHD [all P<0.05,
false discovery rate P value (FDR P) <0.1]. Besides, significant interaction between
periconceptional folate supplements and rs2071010 G—A (aOR=0.59, 95% CI 0.41-0.86)
and rs514933 T—C (aOR=0.52, 95% CI 0.37 to 0.74) on CHD risk were observed (all P<
0.05, FDR_P<0.1).

Conclusion: Periconceptional folate supplements, polymorphisms of FOLRI gene and
FOLR?2 gene and their interactions are significantly associated with risk of CHD. However,
more studies in different ethnic populations with a larger sample and prospective designs

are required to confirm our findings.

congenital heart disease; FOLRI gene; FOLR?2 gene; interaction effects; case-control study

J6 KA O JESR (congenital heart disease, CHD)J& TR B RS RN 1A i, FFamad S-I A
A L s WL e R R, FRE CHD B & R A Fi% (S-adenosyl-L-methionine, SAM)[H]4%Hb T DNA |
9%, 2yt LEZE MG =z, RS ERR iR N R R A | 0 N I o R =N
U LAET RT3 W5 2 KR (IR 1% G im) B, (homocysteine, Hey) &ML & Z AU =4, THERHk

CHD B9 R HL | &

2%, HETHEZE AI B ECHD =&l Hey MI7KF I o 20 bR A i {155

MR A S A IR I R OIAOC, HOsE IR AR SRBE R R AR B IIAE G, B2 b et e vl . 25
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B ML AT BE S 1 TR A1 Hey A G e 6 5 0 0o fE A 28
U 240 B 1 B B T O B RS A R, R
{3 A B LA AR

PR ) 0 L PN B d e AR R T A A, 4
FRn M Rk B E T X, s R R ok
B R A BE A . PR 3Z 1R 1(folate receptor 1,
FOLRI1) A1 iR 37 4 2(folate receptor 2, FOLR2)7EA
T2 AR A R ok R R R T EEAE . FOLRI
FIFOLR2 J& & &P It 2 R iy A L R b e 1, LA
1o 14 21 R0 3 256 W TR I 5 e A A A 5 At o e
R AR, TN, A% IR RR R PR e gkt
P 368 2o TR K 1% Pt R B a4 DA A2 A v TR il 1) 4t
Jr it o FOLR1 fE AR A Rk i ) iz,
HZER &2 Mg v 35k 1 3538 m™, i
FOLR2 YA G B 2 2R B i 400 it vp st REAE B
ST U113 B REAAFI R IG (9 FOLR 55 [H 283K Y25 52 mi i
JRMIE®E LT . shY) LR W s Ra 5 &M 1
(Folp)FEP (/INEL P FOLR T %5 A (1% ] 5 456 R ) i 4% 1)
/NEUVER TG R RS i AR, R ™ A O R
HAERIE T B U™, H 58 3G 2 B U iR
HE25 AT DLkE fe FOLRT 5 A B ) /N BRI G 9 A6 T,
Ho R 5 5 55 /08 BUVR IR o 1457 IR e 2 52 7)o
RV SRFR", X EEIR XS BEAR A TR R AR 78 1T LA
U0 R A2 AR R PR I S i 63k o AR IE R A2 AR R X
Y A% 1 R 22 A5 1 (single nucleotide polymorphisms,
SNPs) 252 M i L PR A, il i A ey
PRI 2 T P58 1) P i k2 52 il JUR i o U 1) T 5
HL CAWIERIE M FOLRI FE X SNP 1535179028
FOLR2 3E[X SNP rs35982790 Fl1 SNP 1513908 i) 2 &5
5 b 22 Wi IE (neural tube defects, NTD)AHG, {HE)
& FOLR1 3£ R FIl FOLR2 %5 [H 1) SNPs 57X CHD 1y
KR IWFFE A WARGE . Beak, BEERF R RE S
B W BRSO P R K, T R A2 AR L
IR 5o B NIRIG & & LRy R i, [
IR R P E AT REAETE S AR, L[R5 e iy
R ME R B R . BT B S, AR
PRI BB SY, T RER IR TR . FOLRI &M
5 FOLR2 F R 2351 Wi 2 HAE A5 FUCHD
KF, LU Ry i IR A5 2R 4 52 el JIR Jid 0 JUE i & RO BIL
TR R .

1 X&5H%
1.1 X%

A 5T LA B B A B0 37 T J g 451 6k BRI 5T . DA
20174F 12 A £ 20204F 3 A EM RS L B e 0 Mg 21

FHAR (0 2235 7 A/l F AR 012 R4l CHD Y
0~1 % LAY REE R B 2H (n=569);  LAIRI e 9 R 2
JLEE & B JUAR R I2 i 0~1 % 8L BB 556 g % IR 20
(n=652), XJHEAL B LZIGIRIZWIHERR T A8 R M50
AW 5T BT AT W ST X R 35 DU, BT AT UL Z IR A
MR, BT ARER. S 5A8R058 0
TG E T ARG FRE B, AR C KPR RF
THEZS 36 TLAE 2 B 323 51 S A b (AT LS. XYGW-
2018-07), Jf #E AT 1 0 K K 5 0 (N
ChiCTR1800016635).

1.2 [EEAE

AW S AT S — i A ) 4, SR T 6 T VIR
1 AT AT 2 R B A . BT A A R & 5
— WG NG AN G AN Dl A
ZE M TR MG Ol o TR 22 30 i i i ] 2 48 B o e 2
HIE 3 H 8 R IR R . R R A
AL N A2 RE (R . T . 2P SRR
FEEFUN), AR (O R AEIRSS s 5 22 EHT
ORI R AE L), G (K 3 AR RSB . R
Gy AEBE L), AR RS (SR . =T
TR . A RS, A ) i il (1
A b il % | JE A b B O A TS G R
Pk RER), FMFEARFFIECERS . W | R
gL SRR

1.3 DNAREFIEE & 2544
1.3.1 DNA #2 3

K H & — F& WU £ FR (ethylenediaminetetraacetic
acid, EDTA)PLEEE WAL T A WF 58X 4 3~5 mL 71 JE]
K I o 1A ARG B0 HLAE 3 500 /min T ESL
15 min, 255054050 B Ja i I A i A0 ie, Anic)s
TR A7 T -80 CARIR VK46 45 o 8 1] QlAamp DNA
Mini 5] & (3¢ E Qiagen) HE UM 21 g i) DNA; {i F
NanoDrop2000 {3 ## 6: Y6235 BEAR ,  1.25% B s bk
JiE B Uk Gl DNA, DNA Bk 546 5, 545 2 96 fL
W, A7 T-20 CH
1.3.2 AR % &Sk

FOLRI1 3 FOLR2 PR ARFFE 5 3L 14
HR 4 © & 3% 0 A 580356 38 A 7 A9 A8 2 467 o o g
MassARRAY & A7 B[] J5T 33 X4 356 137 43 1) SNPs i#£47
i, HARKIN TAE b AR A R b)) A FRA F
TEM . ANHFST M 55 [E Applied Biosystems 23 F] $ it
i) SNPBrowser 2 J3* (3.0 i), i i 1% F2 )% v DL A
HapMap $CH 22 £ #% SNPs ARic . X T4 MR A
HTF 208 P FEbRic SNPs. BLAh, FRATIEHERR T 5
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INGEQT FERIUR D T 10% [ SNPs, e Xk #E FOLRI
B H (1s2071010,  rs11235462) Ml FOLR2
(1s651646 . 132298444 . rs514933)1F K AW 5T (1) 1k £
(A=

1.4 it AbE

K 1] EpiData 3.1 B S2 B 12, SAS 9.1 Fift
HEATHET oA o THECEORER PGB S i L 3R
IR o YA R of K 50 5 Fisher K 8 HE RS 55,
H Iy 257 278 B8R Wilcoxon B AR B . X HRZH A
Hf JE 1T Hardy-Weinberg “F-fiif £ 55, P>0.05 1| i3t FH 4%
FE PR o538 B35 AL Al o ARG 67 a5 1) 35t A5 AR 7R
AR (e G F MR ARG G vs B A RIAES
). BRPERA (AR R A G vs BYAE R4 G 7 IR
B FORINPER A (B A= BRI 4G5 T vs 205 T vs RARHY
i ). R EMZ KK logistic FIHHr, 4
A EE A AT GBS L (crude odds ratio, cOR)FI
VH 2L A AH X fE B EE (adjusted odds ratio, aOR) & 95%
Al {5 X [A](95% confidence interval, 95% CI), 1%
WTERRAR R, LIRS AL IR . FOLRI
FOLR2 3N Z 454 . FOLRI . FOLR2 3 Z 4 A
BE % i F R AE S 52 BAR S CHD OGRS . 7
LR ORI FLABCFNAR 5 B 25 22 0 IR it R 5 1A%
CHD [ RIERI , P<0.05 02255 HAGIHEE L. It
Ab, SR dE R B A AR T A R, FEIR 5T B 2R

F1 MRAMBEIHNEL TR

FOLRI. FOLR2FERNZZSME, VALEENZ TS M)
FHM R 58 HAE 5 748 CHD OCHRRT, R FHAS R
& P P{H (false discovery rate P value, FDR_P){EN
KIEJE B PAE, FFH4FDR P<0.1 Ff A h 276 5

-0
24 B

2.1 ELHARMLLR

s B2 AX BB L 240 N 11 24 E R AR 3l . 2200
SCIRRREE . FEEAFILAN) . A RZE™ 01 (O RAEIRES R
S AR IRIT RAE ) . GO S (R 3 A SR A
S GG D AR R ) . A AR N 2T B (FE Bl
M. TR . RS RT3 H KRR
SPREEA F W B ik (flt i A3 | AT b B S
WA EGRYHL . k. 2K). FEEARAE
(sl PR . SRR LER, 2 RIA S
B F1P<0.05, #1).

2.2 BERAMESFX CHD KBS

BALPR] 2843 B 445 S R AR YR U i BT 4 R 5 iR
I T8 6 6 191) 2HL 1 X 1 21 ] 25 57 A 48 2 8 X (=
29.803, P<0.001), VA% L1 T ERHGITFE LK
FELE TR RN R) G, 2 E logistic 1143 M4 4
b 7 AR YR AT A L 2 30 RO ot R R % 8RR AR AR
CHD &4 X %:(aOR=0.58, 95% CI. 0.35~0.95; #2).

Table 1 Comparison of baseline data in the case group and the control group

AR SHBZH (n=652)  JRIIL(n=569) Giithr P
NEE S|
2B (<35 % /235 %) 560/92 494/75 $=0.222 0.637
JEAE LR 48T 349/303 428/141 =61.784 <0.001
BRSO (VR B LT A s v k2 B L) 9/127/210/306  85/231/162/91  Z=-14.298  <0.001
FRESEWA (S JTIT/6 J7~10 7 78/11 Ji~15 JiJ6/>16 Ji70) 187/275/59/131  463/77/11/18  Z=-18.157  <0.001
AN R /45
A RATIRES )R 2 (TL/A) 366/286 252/317 $=17.060 <0.001
BESRATURIT AT 2 (B/R) 589/63 403/166 ¥=75.911 <0.001
G /151
K 3 AT R A G s (L) 650/2 545/24 ¥=22.302 <0.001
GG 0L AR B B (T /AT) 648/4 529/40 $=36.010 <0.001

©Journal of Central South University (Medical Science). All rights reserved.



56

PR R R (BE2EI ), 2022, 47(1)  hitp:/xbyxb.csu.edu.cn

R1(E)

ARt X HEZH (n=652) I 14 (n=569) Giil ik P

ZE A AR T 2 A5
FHWIACTE/AT) 640/12 523/46 $=26.180 <0.001
“FMREFETTA) 403/249 276/293 ¥=21.785 <0.001
R (TE/A) 607/45 491/78 ¥=15.538 0.003
REE(TL/A) 524/128 492/77 $=8.091 0.004

R 34 A BB RIS 5 TR Ay 41
At it (5 VA3 (AN /AR /288 1) 409/160/37/46 418/66/36/49 Z=-3.106 0.002
JE A M B I PR A TS e HE I T/ 610/42 450/119 $=55.592 <0.001
Yk BETUA) 610/42 499/70 =12.526 <0.001

BCARIEAREAE/ 5]

(<35 % /235 %) 428/224 367/202 v=0.175 0.718
W AR 2 (TC/A) 274/378 188/381 $=10.427 <0.001
I (TL/A) 335/317 245/324 ¥’=8.439 0.002
SRR (N S AT A bR 2 gl D 1) 17/134/224/277 69/267/143/90 7=-13.415 <0.001

x2 EREZHAMERRARBRLS FRERME ORI XE

Table 2 Association of periconceptional folate supplements with the risk of congenital heart disease in offspring

] 7= 30 2 75 68 FH R 457
215 ? P OR(95% CI OR(95% CI)*
i " MR [ x CORGS%CD  aOK( )
X BEZH 652 44 608 1 1
RN 569 95 474 29.803 <0.001 0.36(0.25~0.53)  0.58(0.35~0.95)

cOR: Crude odds ratio; aOR: Adjusted odds ratio; CI: Confidence interval. *Adjusted for residence location, education level,

family income, family consanguineous marriage history, family congenital malformation history, abnormal pregnancy history,

history of pregnancy complication, active and passive smoking, drinking, drinking tea, exposure history of environmental hazardous

substance, cosmetics use, and dyeing or perming hair experiences as well as spouse’s education level, drinking, and smoking history.

2.3 FOLRI %1 FOLR2? & [ {I /= Hardy-Weinberg
F &R RS FHR CHD B KEE

XfBEZH FOLRI 1 FOLR2 R IR (Y 5 /o7 15 A
RY 73 A5 ¥ 45 4 Hardy-Weinberg “F- £ & £ (£ P>0.05,
F3). RN R R A0 FOLR2 3 K A 5
1514933 135 PRI A 1 556 K I ASE R 7 g 151 2 F
X HE A ) 22 S+ 3 A it L (U FDR_P<0.1), £
HZE AR R ERER P ERARITEE X
(LR R R AN )G, FOLR2 FE{V 5 1514933
) 2 2 P (T/C vs T/T: aOR=0.60, 95% CI: 0.43~
0.84; C/Cvs T/T: aOR=0.55, 95% CI: 0.33~0.90)5
X CHD (1 & A2 AU i B AH G, HAE BRI [(T/
C+C/C) vs T/T: aOR=0.59, 95% CI: 0.43~0.81]F1/
P 5  (C/C vs T/C vs T/T: aOR=0.70, 95% CI:
0.56~0.88) 1 1) i} 35 AH OC (34 FDR_P<0.1); ) SE 457
FOLRI F:H A3 /5 1s2071010(G/A vs G/G: aOR=0.67,

95% CI: 0.47~0.96)5 X CHD %) A= XU ik 2 AH ¢
(FDR_P<0.1). FOLRI FEH i 55 rs11235462, FOLR2
JE RV A5 13651646 Fll 152298444 1 Fik PRI TR 43 A5 45 % Kz
S35t AL AR TR AR 55 (5] 20 XS R 4 ) 22 S5 ¥ A G 12
=X (4 P>0.05, FDR_P>0.1, #4).

2.4 SERAMES FOLRI 1 FOLR2 £ F % 75 14 X
FHK CHDHZEEH

ZRE PR R BRI P ERA ST
R BRI RN R) 5, #53 FOLRI 5
152071010 137 25 G/A B A/A FEPRI BRI BE 25, U SR 7
ZE AR IR (A/A+G/A vs GG: aOR=0.80, 95% CI:
0.67~0.94) 1T L) i ZR#EAKF1C CHD A8 & A2 XU 5 #E7H
FOLR2 3£ H rs514933 {3 s, T/C 5f, C/C FE PRI B35
SR A R 28 390 IR R R (C/CH+T/C vs TT: aOR=0.75,
95% CI: 0.64~0.87)t Al LA PR T4 CHD 1 & £
B (R 5). TERMRAM R B 52T, 2410 %
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FOLRI % rs2071010 {37 5. F1 FOLR2 F£ K rs514933 {3
JAE BAERR R 5740 CHD (19 & A2 XU 22 572 48
TFR (X P>0.05). TEMRAIM RIS E, S5
FOLRI P 152071010 37 55 GG 5& R BRI A BEEAH L,
LT G/A B A/A FE R 9B E 1) TR A CHD (1 X
K ik & AR [(A/A+G/A) vs GG: aOR=0.59, 95% CI:

0.41~0.86, FDR_P<0.1]; 5 # 47 FOLR2 %
rs514933 /i s TT HE P BUBESEAH L, #5747 T/C 3 C/C
B AR 1 BESE TR R AT CHD 9 KU 25 B 1K
[(C/C+T/C) vs TT: aOR=0.52, 95% CI: 0.37~0.74,
FDR_P<0.1; #6].

£3 IR FOLRIF FOLR2 EFE! Hardy-Weinberg &35
Table 3 Hardy-Weinberg test for FOLRI and FOLR?2 genotype frequencies of the control group

N SEBRATEL FHISHTEL
1&)3—(7\ XZ P
AA BB AB AA BB AB

FOLRI %:[H
1s2071010 445 190 17 447 186 19 0.380 0.538
511235462 202 340 110 212 320 120 2.682 0.102

FOLR2 3£
15651646 154 325 173 154 326 173 0.003 0.955
152298444 235 311 106 234 313 105 0.033 0.855
15514933 259 286 107 248 308 96 3.406 0.065

FOLRI: Folate receptor 1; FOLR2: Folate receptor 2; HWE: Hardy-Weinberg equilibrium; AA: Homozygous wild-type; AB:

Heterozygous variant type; BB: Homozygous variant type.

R4 B3 FOLRIF FOLR2 BEEBSRZE 515 5 F 58 R MO BER B9 X BX
Table 4 Association of maternal FOLRI and FOLR?2 genetic frequencies with the risk of congenital heart disease in offspring

7 B cOR(95% CI) P FDR_P aOR(95% CI)* P FDR_P
152071010
G/G 1.00(reference) 1.00(reference)
G/A 0.91(0.71~1.17) 0.444 0.684 0.67(0.47~0.96) 0.027 0.090
A/A 0.65(0.29~1.44) 0.286 0.684 1.05(0.39~2.87) 0.922 0.922
SRR 0.89(0.69~1.13) 0.330 0.649 0.69(0.49~0.98) 0.039 0.195
(SR RIby 0.67(0.30~1.47) 0.317 0.649 1.19(0.44~3.24) 0.734 0.857
JpEAR AL 0.88(0.71~1.09) 0.246 0.649 0.76(0.56~1.04) 0.083 0.311
1511235462
T/T 1.00(reference) 1.00(reference)
T/A 0.93(0.72~1.20) 0.561 0.701 1.06(0.75~1.49) 0.747 0.922
A/A 0.88(0.63~1.25) 0.479 0.684 0.73(0.45~1.20) 0.215 0.436
SRR 0.92(0.72~1.17) 0.481 0.665 0.98(0.70~1.36) 0.894 0.894
58 il 0.93(0.68~1.26) 0.620 0.737 0.71(0.46~1.10) 0.125 0.365
S PEAsET 0.94(0.79~1.11) 0.450 0.665 0.90(0.71~1.13) 0.360 0.600
rs651646
T/T 1.00(reference) 1.00(reference)
T/A 1.00(0.75~1.31) 0.972 0.972 0.95(0.64~1.39) 0.784 0.922
A/A 0.86(0.62~1.18) 0.351 0.684 0.75(0.48~1.18) 0.218 0.436
PR ALY 0.95(0.73~1.23) 0.688 0.737 0.88(0.61~1.28) 0.507 0.761
R § 0.86(0.66~1.12) 0.260 0.649 0.78(0.54~1.13) 0.185 0.396
SRR § 0.93(0.79~1.09) 0.346 0.649 0.87(0.69~1.09) 0.217 0.407
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R4a4E)
745 cOR(95% CI) P FDR P aOR(95% CI)§ P FDR P
152298444
T/T 1.00(reference) 1.00(reference)
T/C 0.91(0.71~1.16) 0.435 0.684 0.89(0.63~1.25) 0.501 0.835
c/C 0.97(0.69~1.35) 0.833 0.926 0.97(0.61~1.53) 0.891 0.922
S PEAR AL 0.92(0.73~1.16) 0.488 0.665 0.91(0.66~1.25) 0.562 0.766
[Eeieivh 1.02(0.75~1.38) 0.902 0.902 1.03(0.68~1.57) 0.890 0.894
JInPEEARETR § 0.97(0.82~1.14) 0.680 0.737 0.96(0.77~1.20) 0.743 0.857
1s514933
T/T 1.00(reference) 1.00(reference)
T/C 0.72(0.57~0.92) 0.009 0.045 0.60(0.43~0.84) 0.003 0.030
c/C 0.55(0.39~0.78) 0.001 0.010 0.55(0.33~0.90) 0.018 0.090
SRR 0.68(0.54~0.85) 0.001 0.008 0.59(0.43~0.81) 0.001 0.015
& eivh 0.65(0.46~0.90) 0.010 0.050 0.71(0.44~1.13) 0.146 0.365
pilife e 0.74(0.63~0.87) <0.001 <0.001 0.70(0.56~0.88) 0.002 0.015

FOLRI: Folate receptor 1; FOLR2: Folate receptor 2; cOR: Crude odds ratio; aOR: Adjusted odds ratio; CI: Confidence interval;
FDR_P: False discovery rate P value. *Adjusted for residence location, education level, family income, family consanguineous
marriage history, family congenital malformation history, abnormal pregnancy history, history of pregnancy complication, active and
passive smoking, drinking, drinking tea, exposure history of environmental hazardous substance, cosmetics use, and dyeing or
perming hair experiences as well as spouse’s education level, drinking and smoking history; ¥ Dominant model means heterozygote
and mutant type homozygote vs wild type homozygote; {Recessive model means mutant type homozygote vs heterozygote and wild

type homozygote; §Addictive model means mutant type homozygote vs heterozygote vs mutant type homozygote.

R5 BEFOLRIMFOLR2ERE ZKMESRAMH BN FRAEREOERZ EHZEIER
Table 5 Interaction between maternal FOLRI and FOLR?2 gene ploymorphism and periconceptional folate supplements for

the risk of congenital heart disease in offspring

p 5 R IR S A

aOR(95% CI)* P FDR_P
1520710101 0.80(0.67~0.94) 0.006 0.015
rs11235462 0.93(0.80~1.07) 0.304 0.304
13651646 0.89(0.76~1.04) 0.155 0.250
152298444 0.91(0.79~1.05) 0.200 0.250
13514933 0.75(0.64~0.87) <0.001 <0.001

FOLRI: Folate receptor 1; FOLR2: Folate receptor 2; aOR: Adjusted odds ratio; CI: Confidence interval; FDR P: False discovery
rate P value; SNPs: Single nucleotide polymorphisms. *Adjusted for residence location, education level, family income, family
consanguineous marriage history, family congenital malformation history, abnormal pregnancy history, history of pregnancy
complication, active and passive smoking, drinking, drinking tea, exposure history of environmental hazardous substance, cosmetics
use, and dyeing or perming hair experiences as well as spouse’s education level, drinking, and smoking history; TaOR was calculated

for CHD risk based on the dominant model.
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&6 133 FOLRIF FOLR2 BEERERRMERRAFERL T FREXEORE £EMER
Table 6 Maternal FOLRI and FOLR2 genotypes by stratification of periconceptional folate supplements for the risk of

congenital heart disease in offspring

FOLRI . FOLR2JEPHFUFN  XfHALL/ L/ BRI ZR [ 43 EARESEIER Y
R R [ (%)] [#11(%)] cOR(95% CI) P aOR(95% CI) P FDR P
RN FR Y Bl
rs2071010
i A #(G/G) 35(79.5) 56(58.9) 1.00(reference) 1.00(reference)
ZRAFRY(G/A+A/A) 9(20.5) 39(41.1) 2.71(1.17~6.27) 0.020 1.70(0.50~5.73) 0.504 0.504
rs514933
YA HU(T/T) 9(20.5) 39(41.1) 1.00 (reference) 1.00(reference)
GEAFT(T/C+C/C) 35(79.5) 56(58.9) 0.37(0.16~0.85) 0.020 0.54(0.16~1.84) 0.157 0.209
IR - 114 B2
rs2071010
i #(G/G) 410(67.4) 347(73.2) 1.00(reference) 1.00(reference)
RAFAY(G/A+A/A) 198(32.6) 127(26.8) 0.76(0.58~0.99) 0.040 0.59(0.41~0.86) 0.006 0.012
rs514933
WA= RI(T/T) 250(41.1)  242(51.1) 1.00(reference) 1.00(reference)
ZEAFRY(T/C+C/C) 358(58.9) 232(48.9) 0.67(0.53~0.85) 0.001 0.52(0.37~0.74)  <0.001 <0.001

FOLRI: Folate receptor 1; FOLR2: Folate receptor 2; aOR: Adjusted odds ratio; CI: Confidence interval; FDR_P: False discovery

rate P value. *Adjusted for residence location, education level, family income, family consanguineous marriage history, family

congenital malformation history, abnormal pregnancy history, history of pregnancy complication, active and passive smoking,

drinking, drinking tea, exposure history of environmental hazardous substance, cosmetics use, and dyeing or perming hair

experiences as well as spouse’s education level, drinking, and smoking history.

3T g
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untranslated region, 5-UTR), H.#"SNP rs2071010 5
SNP 1514933 /& H Rif FOLRI 5:H #1 FOLR2 3L K £ 2%
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223 5HEAT rs2071010 ZE K B GG 1 BESEAREL, #54)
LR G/A(aOR=0.67, 95% CI: 0.47~0.96)FH) 3

©Journal of Central South University (Medical Science). All rights reserved.



60

PR R R (BE2EI ), 2022, 47(1)  hitp:/xbyxb.csu.edu.cn

T CHD A9 A& A= XU 1 2 I S H57H7 rs514933 5
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