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HaLAW) EREFIANRECOTETERERTHY . T ORKILEREE
NN S EREEZ HD D, 1980~90 o tH 1y 7o KBIAE #HF R IC &
D, IEERAT O ERBEUCAHRE A A 2O TR NHE Sz, 1998 4
X7 AV, BFE, aAZ Y I TED~OERTIMNBHETT S0,
3~6 FRIITMHREHEAREZHT L FE DAL 19~46%HA L
72 MR ITAPRREE AL SR D2 E C. A UMIAR Sk 0 S RPE LR e O
FBOHAGERBILE OBENFLINLTWAD, Ll LITHEDE E
(X7 — A3 ba— LFZEIC L U AR AT OBERRIB L & e R B E & o B
AL TEBY, fR~ONAL T AZEIIED R, £, HERZOIMF
WEFRIRE C I RMEODEBSLOENHA L OB LM L =52 s H 503,
HPEES ORBR O I P RERIR X, S8BT B O ERIRE & [F U Tlideu,
A& 2 — MMIFFRIC LD . MERMIY) - PHIO RO M R IERRRE & e R
PELRBRLOBE O HEHE L OB ARG L2 2 b 5 DN FERIT—
LTELT., MR OBERRE & RS AEA A O RKEE & o E
XM Tl e, Eo, AT O L EECK, FEOME T, BHARICEK
WCEERE LR L o B A2 RE L 2Rl 2 AFGEIR ARV, £ 2T ARHE
Zeid. AbMEEIC BT DRI & a A — MFRIC L 0 ERIE (WEHE 14 E R
i) ORHMADOIMEEREE & HEROE KRB L OBEEZP ST S 2
EERHPE LT,

[5f5L& Hik] (1) &5%#E 20034 2 2D 2013 4E 3 H £ TlcdbifE o
37 Rt &2 L, MESINCHEE L2 20,940 4, (2) 7 — # UL
5% ARNEMREZEIC L > TREOFER, &, EIRIAE, BEE
JE. PERME., BEFH. LXREFOFER., ERmBEREMMH., EEo
WLRE BRI, AR O F HEEAIE A BEREY U A v MEH 2R E o
RrTe, ETo, MEARWIHI O MG BERR R B A HIE . AR IR o S REE 15 #H
X, AT BLUNICHERRIC, BRERNOMEENZZ b LERER 55
PR D ORI & Z LSO KRB IR EL O A IKEH, 612, &
B1E, 2FOBB~OBRRAEMAEE N L ERBRFEREST-, &
REFEARIL, FAEREMOMRE G, BREFIX, BESEI L IO
PRI EE MG SR ER T O REF (ERMEOER, DEHR - nHA, JRIET
S, TR RIR) 2% Lo, ARSI, 2. (RS 12 @ RO M
PE. HEERE ORI D5 DA 1XMNT > BRI U B 72 i T %k 52
FlX 14,896 4 Th o7, (3) #EHENT : BB OEME & MIEERIRE & O
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BEIX v 4 va s Yy UFFEIBMRE, 77 AV - Ut ) ZARE,. BHIED
MIEEEREE (BRMEERME) EHAEROE KRR L oB#ETe V&
T a4y Z7EESHTE O THRE Lc, (4) mBRIBLRE @ dbifEE K5 K5
SRR S L OV E R PERERER T HE ¥ —OmEEE S DK
REFl, £, AESNMEICTEmB L OCOE TN, AR, @A
BWMoOR#E, Mo HEREERREZFHIAL, REEET,

[FER] (1) dSBFEORME R OFERIX 29.8 . TIERT BMI |31 %

(18.5~24.9 kg/m2) #f 71.6% . FIPEM 42.5% . AU O 8 E1E
13.2% ., MJEF 39.3% . AFHAMBEIR ORI 4.0% ., e REF OFIGEEH
D 22% Tholc, IRV O HEMEH 37.7% ., EBRY 77U A MEH
22.6% Th o7, (2) FEURFIM O 5 FEMR I« ik B BUR AT R 10.8
W LI HE A o Ll 16.5nmol/L., LV E A I O (6.8nmol/L
Kiiti) 12 0.7% Th o7, MIGEMRBRENEN>TCOIE, B OFERD &
< EEWRET BMI 2SMEERE, BEFK 12F L0 <, PIER, FERER
ETERBNEREFIHE . ERBEORERESH V| £ L R OZERE 7
VAV MERECTH-T-, BERBEEEETIROBBBIOERBERE DR
W IR O BEBL O s FERR IR FE O P MBI XV F 41 d 16.5nmol/L Th » 7=,

(3) HAEWROEM., RO MIEERIREL & REF & ORE . Ho
fENRE AL 38.6 1, HARIZHEREFENALNT-DIL 2.4% (3584) T
bolz, HRBEFE TCRLIZILETRXAEIE 61 W TH o7, FEREEMIEH
KA E OERETIT 161 BT, 205 LWFREMEAE 6 L, SR LE
o125 W, HERE 21 R Th oo, MIGERBEE (AR HRELHRE) & o
B Clix, MRRABIOOEOHBERY 27 (TR 28 e U 7= i BEER 2 B )N
1 A ERH T2 @08 % 4 v Xtho ERERN LN (TR h,

I v X [95%(E X ] ; 1.35 [0.28-6.48], 1.94 [0.66-5.80]), — 7. R
R, BB OX A U MG ERRIRE S 1 AL AT 2 EoRE%
Ao AR Em R A LN (EREi, 4 v XH[95%EHEIX ] 0.47
[0.15-1.45], 0.61 [0.30-1.24]), FHAREEHIAE KA T DR BT TlL, O F
H i R AEE 2 1 IR O /8 # U 7= TG SERR IR FE A 1 AL -9 2| 0
Ay X EFBAN AL (BT, v XH[95%(E X [H];
2.72 [0.49-10.53], 4.10 [0.96-17.58]) 28, ZeRMEOER, LEPRRRELE
DR U7 i 5 SRR Y 1 WAL EH-9 2 B o di#E% 4 v X i3
RSN (FRE., v X[95%E X E]; 0.83 [0.50-1.37],
0.63 [0.30-1.33]), L2>L., W OBEE LR FHICHE R TIEeho
Too Flo. MIEHERRIEE 2 WU/GAIC & - TRl L7228, 28 Bl o e K5
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[Z52] IR - PHIOERBEE L IROLERKEMVERSCABOZER L O
B2 RE L2 Se TARgE 2 0 5 B, Hammouda SA & (2013) 1%, & KE
Wa2A T 2 RORBLOEIREA Y oG 3R L~V iEFE 40.85 nmol/L, &
KBGO WIEOREHIZ ) 50.50 nmol/L THliARIICHERENDH > 1=
(P<0.001), LU, # 6 OWHFRIERISRE D 1,180 4 & D72 < | SRR
FA . AEHRAT BMI, BEEE 72 8 ORI EENEZE I LTV, Shaw
5 (20095 2014.) X, T AU B « BT =TI OMEIEOFEIE 15~18
RO MG EREE ZRE L, M#ERGEFTSCODBERE AT 2 o MHAE
ElE. RAFGE L FARICEE X R o2 2 L e WiE, TR E LT, BRI
HNT F V=T M TIEBE OERR RN THiu, B W EERERN TX
TWHZEaEFTWDH, RIFETH, MIFEREEIKREH N 0.7% Th
D, EREENFSTHINRTHoT-ZENEERL LN - R
D—DOThHhbHEEZD, RFROBAITRIAE TR — MIEICL->T, &
BIIBE CH D MIEEMIRE L RAEF L OBELZFM L2 & Th 5,
— T, HRREFERO —HERHENOHEZZ LI BN IECIEREE
I B FANRDOLE L T HMEERELZEHA LI EICL 28 KRH D
VTR FEM O R REME, Y X F LT, AR TIZHIE L e
Do TR ENFERICHBELZAEELD D,

[f55a ] REE O AEURA) ] O MG BERR IR FE & AR o Je REF A E 7 B
TRO N2>z, L, B E 2R — MIEZEIC X 0 TR o
REZREL, SREERIIOER & REFHREY A7 L ORBELZ MR L
RO LTOERN® D, 4% b KRB R — MFRIZ L - ThE
ROV O MG ERL R R, BERARHEL 20, REERN LA REE & oM
HAZMRF L, BREERICE2EREERIETHICN T LT v A 28R
LW REDRH D,



AXHFBIOKHFTHEHLEKEEIZIULTOEEBD TH 5,
ASD: atrial septal defect; /025F Tl K HEIE
BMI: body mass index; &R IE%K
CBS: cystathionine-B-synthase; ¥ A % F 4 = Akl H
CC(H): hospital based case-control study

s WBEN— R — A3 b a— LR
CC(P): population based case-control study

; EHIN—A S —2a v b — Vi
CC: case-control study; 77— A& = > kv —/LAff%E
CHDs: congenital heart defects; 7t KL%
CIs: confidence interval; 15 f& X [H
Cohort (P): prospective cohort study; Fijlf & =274 — M5
Cohort (R): retrospective cohort study; % An & 23— MHFSE
DNA: deoxyribonucleic acid; 7 4 % 2 U REZ g
EUROCAT: European surveillance of congenital anomalies

s BRINE RAFE Y —_ A T R
HAVEN study: Heart Defects, Vascular Status, Genetic Factors and
Nutrition study
ICBDMS: International Clearinghouse for Birth Defects Monitoring
Systems; [EFR50 K 2 5 B LA
ICBDSR: International Clearinghouse for Birth Defects, Surveillance
and Research; [E g5t K25 0 &M TE AR

ICD 10th: International Classification of Diseases, tenth Revision 10th

s BRI K OB O B B RE oD [ B ﬁnJr P (EBREHE 5046 2013 AR
IQR: Interquartile Range; U /; 70
JAOG: Japan Association of Obstetrlclans and Gynecologists

s B AR PE NFHES
MS: methionine synthase; A F 4 = & %%
MTHFR: methylenetetrahydrofolate reductase

;s AFLrTrIe FugERRE TR

MTRR: methionine synthase reductase; * 4 = AR &l 5
NCCs: neural crest cells; &gl g
NTDs: neural tube defects; 4% % B 8 R~ 4
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ORs: odds ratios; 4 v XLt

OFC: orofacial cleft; 1[5 EH i 24

OTDs: outflow tract defect; Wit H I 5

SD: standard deviation; & (R 7=

VSD: ventricular septal defect; /0> H1 @ K 8 E
WHO: world health organization; i F % i



1. 5
1. DREOHIRET - B REF OF)W
DREO 2016 FOFIWHETHEIT 2.0 (HA4 1,000 Xf) THH, 7 AU D

AH&E 5.9 (2015 4), KA 3.3 (2015 4), 1 ¥ U 2 3.9 (2015 4) 7
ERRCKREE & L CHIEFWITIERE TH D, AR TCORKOFE 1 (LT
FAIZOTE D TERFE AL LORGERD B (B ERBRFEET D) |
([E BR %95 4y #58 2013 4 Kl : International Classification of Diseases, tenth
Revision; ICD 10™; Q00-Q99) To V., RILWIELT D 34.4% % 5D D (N
O N B 8B, B W &, https:!/www.mhlw.go.jp/toukei/list/dl/81-
la2.pdf.) (X 1),

ERFMERRD
REHREE 34.4%

fiz15% — —
_/

BRMmAE 2.1%
DR 2.1%
TEDER 3.8%

BEMICRHRNG

L4 IRZEA IFIRfEEZE 26.4Y%

K1 ALRECHOERREE
(hHhEDOAOFEE, Iﬂﬁﬁﬁ‘l\ https://www.mhlw.go.jp/toukei/list/dl/81-1a2.pdf.
2018 F 8 B 11 B7 V&R, &KYER)

FREF ORI, THRINAH] 50~60%. EHOELE TN & HEOR

RERNSEE L CERRFEOREICESGT 5 IZHRTFEE] 20~25%., 21
trisomy X7 7 A 7 )V H —JEGERER SO TYLEREE | 6~T%., 225K
R T~8%. Al - byl - B Eolga o b s TBREER ) 7


https://www.mhlw.go.jp/toukei/list/dl/81-1a2.pdf
https://www.mhlw.go.jp/toukei/list/dl/81-1a2.pdf

~10%ThH 5 (X2), (O SR, Moore et al,.3%,2007) D F v . L RER
DFEKD S B0 &d 3HILL EICREERNEG L TCWAZ LI b,

ZRFER
20~25%

[RATBA
50~60% REAKEE
6~7%
7~8%
REER

1~10%

2. EREEDHRE
(O 5ER. Moore 3%, Before we are born Essentials of Embryology and
Birth Defects, Z#FMM o E M EHFET, REFLRERHMREZLEAXRE
. (2007). ®@®, EWEHMR. &Y HER)

b FOZAEINIMI 2 HZ B R L, rn 2 8 B OO IZITNIREE | SR
D 2 BUMEAER L, B 3 HOHOIZIZAIREE & NIREEO f I h
RIENTER 4L 3 BN IS, ZHUZEOME - 2881320 3 Ik
NSRS, TOZITHIREIZB W TREIFFICESIT LT, fHAEICEHE
WELZRITL2DLHEITL TWE, Gl 8 HAKE TICTIXZ < OB DIEAK
INDH, ZOMR8HERETCEAMT (K, ZoOHMEZIEFH &V, &=
ORIz H=5 (K 3), BAaHE 1 hE 2 8 E TITERT L BT
EHEIEDIN, TO—FTIEADEN N O ZESE L 7-581%. P8R
DI IRHBERNCIVREREEIN  EREFZE_ T2 LRI T%
WEIH DL, MTOREREY (b 3~8 ) (AR O ELZIT
HETERERBEEEZFERT D, 066 9 BLUKOR I ELZ T
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M7 H OBECHBEAICIT., ZORECEELZZITLTWVWIEEAL NS S
(W 1 & 3R, Moore et al %, 2007; #EA-IUEK &, 2010.),
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(R BOHFE, /IMA{21E, Eva Garcia del Saz. & Moore, Persaud. Before we are born
Essentials of Embryology and Birth Defects, ZfFMMNSEMNIHLLET, FREFE 6 IREMMN
RAEZEAXRREE. (2007). R, EEEHR BEA+TOM, XEHEX EFEANE
RAEZE 6 M. (2010). RE, €FE.LY—EME/ER)

T AR BR BT OB AR T D 1) b | IR 0D 2 4 - R R AT OO i BEARIS o T A -
HRECPRESBEESN TV D OBETIT BREER L RAEH R AURK
AT L 2 LIXEELRNREE LOBRETH D,

2. MRE PSR4 & R & o B E

HEREFOK 2 Hxe b s 2R FBEICIE, REMAFHAL ( neural
tube defects; NTDs) . JE R LR (congenital heart defects; CHDs)
NE- DFH EREERMEEMAO X > B -0 FERERBRFENZEE
b, ZRTFEREICEDEREFTOF TH NTDs 1. fhke 4 8 E TITE Z

DR E OISR 2T,
5, MEEMAEANED DD

~ —J]

9

— VR INJRE . MEAME . T R
FHED 1970 FRZ LORAEMHE T HA
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FHENE N




1,000 1Zxf LT, TAUD (T FT X)) 658, N> ATV —8.42, AF v
2129, A—A N7 VU7 837, ==2—Y—7 > N 11.67 Th 7= (Annual
Report 2014, International Clearinghouse for Birth Defects, Surveillance
and Research; ICBDSR; Be Je R OEOH O A& M %8 B O
http://www.icbdsr.org/resources/annual-report/.), HAEBR LM BN T3
NTDs & #F R AT O BERRIEE & O BEHIZ DV TIX, 1976 4121 ¥ U 2 T NTDs
ZFFO R ORI O R MERIERRE N AEIEMETH D Z & ARES
N=ORKEPHITH 5D (Smithells et al., 1976), 1980~90 FA 1T 1 tH R4
T RKIAAE 720 ARFGE DT o v AEHR BT O ZE FR 8 B AR R PHEH R 2D T B %)
BEnd D &R S L7z (Smithells et al., 1981; Berry Rl etal., 1999; MRC
Vitamin Study Research Group, 1991; Czeizel AE et al., 1992), L&} T
1990 FFRBEFITIIT AV B, BT H ., a2 AZ Y I T/INER~DOEEFRTRIND
BHEMT O, BUETIE 87 NETEM~DEBRBIMBEZH T BN DI

# -7 (Countries with industrially milled flour and/or rice fortification

legislation, Food Fortification Initiative June 2018,
http://www.ffinetwork.org/global progress/index.php.), 7. 7 A U &,
HFEAREZY T TE B~ ORERRIRINA 2L LT 3~6 4% D NTDs
WOHAEREN 19~46% A L2 Z ERHE I N TS (Crider KS et al.,
2011) .

3. MO & RN EE

R IIRE AT, KRB, LAA—REIIEEGENDHIEHX I B oK
eI 0 Thd, (bFA T TaA VI VA I VEET, 7T U VU,
NI TIVRRBER. - JAVEIUBrbhn (K4, EREERX) ., M
HIIAENTT TV OV EEZART 2 LI TE AN  REFBIIARTER
WTZ DRI IS OEBEBI NS LETH D,
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I
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I
CH,

I
COOH

N N
HZNTI \j L COOH
|
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[ FFLk |
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A
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4. ERREER

RN S ERIL AN T RRERNLT M T v e gL 72
5,207 7 RRBEROLERMAPER LR TCEEINDST FFE N
RS EIRIL, BB ARICHAED U A . DNA (deoxyribonucleic
acid; 7 A ¥V RERE) GRICKAEAOT IV VEBERKR. 7 2 7 BIAEHIZ
E o THBEREEZRT, ZOERNRIY A 7 Lo FE o) & 2 5 milkk
725 MTHFR (methylenetetrahydrofolate reductase; A F 1L > 7 7t Rnu
ERRETLIER) THY . MTHFR {EMEICKRE S BT 2MiER L LT MS

(methionine synthase; 2 F 4 = & 3% ). MTRR (methionine
synthase reductase; A F A4 =& pkEEFRETCHFE),. CBS (cystathionine-
B-synthase; Y A X FA=UAFEER) DD, -, EAGKBEETHD
AF A=A TIE AT AT A VR ERAHEE TER SN D A T IVE
T D —IRFBEN DB IIZ LD AT F = N S L5, & DR,
WA Tl DNA OAK - B, AFA=UEETIZIDNARE X Foro
AFAEDEZ 5 (FEF, 2004; /A REFR, Agamemnon Despopoulos et
al., 2007; AAE X I U222 BEE, FEMESRE, 2008; F5E, 2009) (X
5) o HEMERITAEYR W O FR R SE M N D A - MEFRFIC B 5T 2 Bin FRBLUIC T 5
T 5, TDOD, ZOREICHIBNERS R Z S 5 Z & THRE OPHEICK
A&7 LEZ251T5 (Boshnjaku V et al, 2012; Ichi et al, 2010;
2013),
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| s7F/onAFA=Y |—ﬁ| STFFIUNREVRTAY |
v

~ 7 ZON

G )" Ls 1

ThIEFOERE

REVRTAY
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[ 5 AFLFRSEFOER |

I&I ST— 5,10-;<=)‘-l/>7‘-l~ftl~“l:lﬁ%
TALSILTISEROER |
U
X5 FEEMAH

MTHFR: AFLUTHSEROERBETER  MS AFAZUARER

MTRR: A=A = & iBERETES CBS: Y RAFA-VEHER
— LS ER-LEa—P309 BECESRECOPDOEBIRELEREOEREFOS
WErMBPOEREEBEELEYWD LC-MS 3 HT www.jsac.orjp/tenbou/TT57/P14.html.
Accessed 28.04.16. &Y —EBINE.

4. DREOHPEFIRICH D ZMEORFEIERL X OERY 7 A MEM

BN

DRETIIED ~OERBTINIR B LI TWiRWnWR, BAE (Bl B4
74 ) 13 2000 4F 12 A 28 HIZ TR PASHIE E O FIE YV X 7 ORI B
TOMEE) ICESTHEMNR., B, FAIX, B X OREEERBEHRE ~
(R B FASHIE E O FIE Y 2 7 KB D 72 6 O I 4% BT RE 732 4F i 0 4 P 2512 55t
T HIEMROEBIUIAR D WU 2 F MBI OHELEIZT DN T2 LY TRk % 3
THLEMET, RBEART UV RAICHEBELEREELZEY  EHR 1 A DL BRI B
1% 3 WHETERMPODOEREBEREIZMA TERY T XA M4 1 H
400pg WIRT 5 2 & THREAEREEDO Y 27 MRS D) §FOHRE
it 2 LBEM 2@ Lz, £7-. 18~49 &t 1 A H= 0 O BFEMEERR
DOFERHELE & 2 240pg/H & U, ERZFHH L TV D &ML & 51T 400pg/H
DEFEY TV A2 NOBREE O TV D (FEREAHEE ORI Y R 7 (K
D 72 8 OG5 AT BE 70 4 s D 2o S 12 b - 5 B OB BUT AR 5 1 U 70 1 i iz
#t o # # z - wvw T , B £ ¥ @ & ,
https://www.mhlw.go.jp/www1/houdou/1212/h1228-1_18.html.) , EEREH 7T D #h 45
MH SN OEEOERY 7Y A > MRIAIRIIL, TS5 A 2002~
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2011 fEIC2FEHOER AFHE 250 AOWH I XY 11,861 4 DTid % %t 5 &
L Ol L7/, EMBEUC L 2 REPASIESE Y X 7 KO8R 1%
15.3% 76 43.7%~FH L, £/, EBRY 7Y A MEHEDL 9.1% 7056
61.5% ~FEH Lz xz®ELTWD (TS, 2013), LarL, 2011 i
WAL T T 127 4 DT % %S L7 i O BEFRE BT K B f R B B b
Y 27RO BEEIL 32.0% ThH-7- (IS, 2013), £7-. 2012 4
WATbn=2E A X —3% v FREIE., 20 25 40 REZMED T1% 3 4E4R
3/MHA FTICERMB(ILEMS, 77U A2 b, HERE (ERE) onFhirn
HEMRAEBE L, PHUILTEIRENE h o2 LR E I TWD (EHE
5. 2014), L7 o> T, R OMMEIm 077U A > NERUT RO A&
HRIZE Y RESHERN R TV DBRICH D, Fio, [H MR - &R
TIZL D L, 20~29 ik, 30~39 kD 1 H R FHEREBRE FHIXZEN
ZH 2001 A 263pg. 262ug 205 2016 4 229ug. 240pg EWVWIT B ED L
TWDDOHEHT, 18~49 i ME OB EHESRE & 240ug/ A % 20 WAtidH T
NTIEH DN FE>TWD (CFL 28 FE MR - REFRAHL, 2001 4
~2016  F @ &A K 0, = 95 B A
http://www.mhlw.go.jp/bunya/kenkou/eiyou/d1/h28-houkoku-04.pdf.) (X
6), 2000 FIZEAGTE LG ASHES Y X 7 KO 72 O O FEREE U
ENPHENTZIZE 2000 T BFEEEREBIE TN E Z AR EM I
HDLODONREOBIRTH D,
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220

210

200

20012002 2003 2004 2005 2006 2007 2008 2009 201020112012 2013 2014 2015 2016
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6. THEDND 1 A1 BHF-YDERIER=DHE
R 28 £ EB R R R - -XEREHRE, BE X5 B 4 .
http://www.mhlw.go.jp/bunya/kenkou/eiyou/dl/h28-houkoku—-04.pdf. Accessed 13.6.18. K
U4E R

5. D NNE O MR E PHEH AN 2 D FEREIR T

DRETIE, 1972 F X0 AARMEREERS (B RERARES) 2
EEBBDOIFIEN—ADFERBEHEET=2 Y 72 LT, £ D%, Mk
SNRFEEBEERBEF T2V T2 — (B, 7 V7V 7y ZEEEE
=) T —HAZE) (Japan Association of Obstetricians and
Gynaecologists: JAOG) (ZBWTHEMNT - BETHITHON D & & BT, HERE
KGR 22 (International Clearinghouse for Birth Defects
Monitoring Systems: ICBDMS) (Z &) L | [E A2 M 21T > T\ 5,
JAOG 134 [H 270 BEkHEEM R (36 & Y RF OBk FEfEER 1% 331 fugx) 7°
DIENR 22 MUARE, A% 7T BUNICZB S ERERETOE=42 1) 7
ATV, FERERBEFE ORARRZMT L TEBY ., ZHIEA RO HER
DK 10% ZHDTWD, ZOREEHRD L, BARNTITLME ERER KR
WOOBOBER UKEREEE XU Uil & O ABEN &V CEB, 2011),

DOE O Sy FHEO R AR X, 1970 % Y413 2.09 (4 10,000 %)
ERIFFRDOBKRL A ET =7 L0 Ko7, ZORITHEMEMIZH D |
2009 FFIZITE—7 D 6.18 iR Lotk £ ORITHE T OHEAD 275 L 2012 4
1% 5.18 (W3 d HiZE 10,000 %) Th o7 (K 7)., ZHFHEDIAIZIL,
R, Ml 2 L TCAREERNHY, Zo#HBE LTRFIZEIDSAENR
EMBIEOENDH D Z ERXERMHMICE T 2B8EFZ2HMOME O AR
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kb0l bhTnd (Fif, 2004),

HHre 2> o | RHEE

X 7. HAEDZHETHOFEEWRR(HE 10,000 Xt)

International clearinghouse for birth defects surveillnce and research, Annual Rcport

2009-2014, http://www.icbdsr.org/resources/annual-report/ Accessed 13.6.18. KY4VERL

JAOG FHEIX S REFOLEEFRE CIE <, T 22 UBD R A2 %5 L
LTCWA72 e REFICE D ARIET DRI KRB 28l I N Tk
PRIHE S A IEFNITE ENR\, ZD7=%, NTDs (TR & 56 K B 5 A4 48
FEE L CIRDR E e Z ERERI TS (IS, 2010, 8165,
2005) ,

6. HE[E L NTDs LIS O EREE IR 2y B 25k 9 5 e REF ISR 5 e Tk 5

PR DA T D MRS (X VR IS, 2 bREE A T D, 2 Off
FREEMIAE I, A3 « B AR R MR, R AR RRARAE . 7Y TR, SV AT
B o ®E (RS, Him) . FAMHE. = L COLIReREEMmE 2 Sliemibd %

(Hall BK, 2008; Z&H 5,2012 ) Z &2vb ., Z OB HHEET S
WEORERY (EXRMOEER, DE - 0HR, WEXRERLE) 220 ThH
NTDs [ ICEEEE & OBIEBHFIE STV D, EIRETER & OWIH o & F ki
FRfE R CIHERR Y 7 U A MEM & CHDs & ORE (£ 1) T, AV =—
T UDOEEER AR Lzaim & 2k — MMEZE (Kdllén B, 2007) TixE X
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http://www.icbdsr.org/resources/annual-report/

wEHEIMZHEN, CHDs VAN ERH L2 2 AT 04D — A3y
k7 — Vi 22> HAVENstudy (Heart Defects, Vascular Status, Genetic
Factors and Nutrition study) (Smedts HP et al., 2008) TIZEIHE D FE D 6
Nighnholz tazHE L TWwWb, —F T, EUROCAT (European
surveillance of congenital anomalies; FKIN e KR&GFHH —A4 T R) F—
B RX—2 KB4 T X O (van Beynum Imet et al., 2010) <°H[E
OWF%E (LiXetal, 2013), N H Y —DOEFHREM—R « F—Ra
kv — L iff58 (Czeizel AE et al., 2015) . Tid. ELIRAICH B B A o ZER2
Y7V A MERIZEY CHDs ® U A7 3D Lo Z & &3 LT 5,
Fo. BT X OEEZHMNIETIID T X TOEY~DIERRITINBR % O
CHDs ROHAEKDIE T2 #HE L T5 (Liu SL et al., 2016),
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R 1. BIRFDODEBREBEREFELD CHDs EDREE

Study No. of sample

First author, year : or Exposure OR/RR (95% CI)
design
cases/controls
Czeizel AE, et al. ccp) 3,567/ 5,395 folic acid supplement 1. Period
2015 *Period 1) Any time during pregnancy
Hungary ‘Dose VSD: 0.83 (0.66-0.97)

ASD: 0.90 (0.75-1.36)

d-Transposition of great arteries: 0.71 (0.52-0.97)
other Conotruncal heart defects: no association
Left—-sided obstructive: no association
Right—sided obstructive: no association

2) Critical period

VSD: 0.76 (0.63-0.91)

ASD: 0.70 (0.41-0.96)

Conotruncal heart defects: no association
Left—-sided obstructive: no association
Right—sided obstructive: no association

2. Dose of folic acid
1) One FA tablet

VSD: 0.62 (0.43-0.87)

ASD: 0.90 (0.46-1.74)

Conotruncal heart defects: 0.54 (0.28-0.98)
2) Two FA tablets

VSD: 0.62 (0.48-0.75)

ASD: 0.57 (0.37-0.86)

Conotruncal heart defects: 0.52 (0.35-0.76)
3)Three FA tablets

VSD: no association

ASD: no association

Conotruncal heart defects: no association
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Study

No. of sample

First author, year } or Exposure OR/RR (95% CI)
design
cases/controls
Li X, et al. CC(H) 358/ 422 folic acid supplement 1.Users
2013 *Use Total CHDs: 0.47 (0.32-0.70)
China *Period Isolated CHDs: 0.52 (0.34-0.78)
*Type Septal heart defect: 0.39 (0.25-0.61)

Conotruncal heart defects: 0.55 (0.33-0.89)
Left—-sided obstructive: 0.59 (0.33-1.12)
Right-sided obstructive: 0.42 (0.22-0.79)
Anomalous pulmonary venous return: 0.36 (0.17-
0.77)
2. Peiod
1) <1 month before conception: no association
2) 1-3 month before conception
Total CHDs: 0.37 (0.18-0.76)
Isolated CHDs: 0.45 (0.22-0.94)
Septal heart defect: 0.28 (0.11-0.71)
Conotruncal heart defects: 0.35 (0.13-0.97)
Left-sided obstructive: 0.54 (0.16—1.87)
Right-sided obstructive: 0.53 (0.17-1.70)
Anomalous pulmonary venous return: 0.19 (0.03—
1.11)
3) =3 months before conception
Total CHDs:0.28 (0.17-0.48)
Isolated CHDs: 0.31 (0.18-0.54)
Septal heart defect: 0.20 (0.10-0.39)
Conotruncal heart defects: 0.37 (0.19-0.73)
Left—-sided obstructive: 0.39 (0.16-0.96)
Right-sided obstructive: 0.18 (0.07-0.51)
Anomalous pulmonary venous return: 0.11 (0.34—
0.81)
4) <1 month after conception: no association
5) =1 months after conception
Total CHDs: 0.53 (0.38-0.93)
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No. of sample

First author, year Stu.dy or Exposure OR/RR (95% CI)
design
cases/controls
Isolated CHDs: 0.59 (0.26-0.70)
Septal heart defect: 0.43 (0.36—1.04)
Conotruncal heart defects: 0.61 (0.32-1.29)
Left-sided obstructive: 0.64 (0.22-0.90)
Right—-sided obstructive: 0.44 (0.21-1.04)
Anomalous pulmonary venous return: 0.46 (0.21-
1.04)
3. Types
1) folic acid alone users
Total CHDs: 0.45 (0.30-0.67)
Isolated CHDs: 0.52 (0.34-0.78)
2) folic acid—containing multivitamin users
Total CHDs: 0.57 (0.34-0.97)
Isolated CHDs: 0.56 (0.32-0.98)
van Beynum IM, et al. | GC(P) 596/2359 single supplement or Any congenital heart defect: 0.82 (0.68-0.98)
2010 multivitamin containing Isolated septal heart defects: 0.62 (0.47-0.82)
Netherlands folic acid (400 mg daily) Isolated VSD: 0.69 (0.50-0.96)
at least prior to Isolated ASDII: 0..54 (0.31-0.94)
conception and continued | Conotruncal heart defects: 0.77 (0.52-1.15)
for the first 2 months of Left ventricle outflow obstruction:1.23 (0.82-1.85)
pregnancy, or those who Right ventricle outflow obstruction: 1.07 (0.69-
started after conception 1.65)
and took folic acid Pulmonary valve stenosis: 0.89 (0.50-1.61)
regularly in the advised
period.
Smedts HP, et al. CC(P) 276 cases the dietary folate intake Total case: 1.3 (0.9-1.9)

2008
Netherlands

(190 outflow
tract defects
and
86 non—outflow
tract defects)
324 controls

by the FFQ at 16 months
after the index—preg L &<
C nancy

OTDs: 1.5 (0.97-2.2)
Non-OTDs: 1.0 (0.6-1.8)
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Stud No. of sample
First author, year ay or Exposure OR/RR (95% CI)
design
cases/controls
Kallén B Cohort (P) | 20,891 women | folic acid supplement (0.4 | any CHDs: 1.19 (1.05-1.35)
2007 or 0.5mg) only VSD or ASD: 1.06 (0.88-1.27)
Sweden early pregnancy

CI, confidence interval; OR, odds ratio; RR, relative risk.
CC: case—control study; CC(P): population based case—control study; CC(H): hospital based case—control study; Cohort (P): prospective

cohort study; Cohort (R): retrospective cohort study.
VSD: ventricular septal defect ASD: atrial septal defect; CHDs: congenital heart defects; OTDs: outflow tract defect
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NERNHEHREORE (X 2) 2250 T, /AT x—OEFHRERMN—
A e r—RAar ha—LiF%E (Wilcox AdJ et al., 2007) TIXHEIRgIHA D 3§
feth 7 ) A MERT, FEOHFM & 28— MFJE (Li S et al.,, 2012) T
XA RBID D DOERY 7Y A2 MEIRT, WTIhbHOERDI A7 0
KTFERHDZ ENBERSNT, TO—T, 47 FOEMI—R -
r—Aay ha— VAR L T B EEIR 12 @ £ TOERICL Y 0E
HOYAITNEHLEZ EZHEL TS (Rozendaal AM et al.,

2013), F£7=. A7 X ORiHE a2k — M5 (Bille C et al., 2007) TiX
R O BERR Y 7Y A v FERE, A XV ADEFAXR—R - F—Ra v
k— LifF%E (Little J et al., 2008) TiX. (LIRATO B HFMEIERCY 7V
AV MEREOBOHFERY 27 LOBEIIALNR o T,
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K2 BIRPAOEMREREFEILIOABFBAZEREDEE

First author, year, Region

Study
design

No. of sample or

Exposure
cases/controls P

OR/RR (95% CI)

Rozendaal AM, et al
2013
Netherlands

cc(P)

Folic acid supplement
*Type

*Period

367/924chromosomal/synd
rome or 2,021non—folate
related anomalies

1. Consistent use during weeks 0-12
postconception
1) Any folic acid supplementc
Any oral cleft: 1.72 (1.19-2.49)
Cleft lip/alveolus only: 3.16 (1.69-
5.91)
Cleft palate: no association
2)Folic acid alone
Any oral cleft: 1.65 (1.10-2.47)
Cleft lip/alveolus only: 3.11
6.14)
Cleft palate: no association
3) Multivitamins: no association
2. Consistent and partial use during
weeks 0 — 12 postconception: no
association

(1.57-

Li S, et al
2012
China

Cohort (P)

240,244
southern (n=209,105)
northern (n=31,139)

Folic acid supplement
~folic acid 400 u g
(without other vitamins)
*Period

1)Any use
Cleft lip: 0.73 (0.59-0.90)
Cleft palate: no association
2) Preconception use
Cleft lip: 0.71 (0.55-0.91)
Cleft palate: no association
3) Late use
Cleft lip: no association
Cleft palate: no association
4)Early discontinuation
Cleft lip: 0.63 (0.41-0.98)
Cleft palate: no association
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Study

No. of sample or

First author, year, Region } Exposure OR/RR (95% CI)
design cases/controls
Little J, et al CC (P) 112 Cleft lip, 78 Cleft periconceptional dietary 1. Total folate intake(quartile)
2008 palate cases intake by FFQ(during the Any cleft lip or palate: no association
U.K 248 controls 3—-month period before 2. Supplement type
pregnancy and the first 3 Any cleft lip or palate: no association
months of pregnancy)
periconceptional folic
acid supplement use of
the type, period, dose
Wilcox AJ , et al. CC(P) case folic acid supplement 1) In the dichotomous analysis of folic
2007 377 cleft lip dietary folate acid (<400 pg/day vs 2400 pg/day)
Norway 196 cleft palate (<400 pg/day, 2400 isolated cleft lip with or without cleft
763 controls ug/day) palate: 0.61 (0.39-0.96)
early pregnancy 2) 2400 g folic acid plus
multivitamins and healthy diet
cleft lip with or without cleft palate:
0.36 (0.17-0.77)
Bille C, , et al. Cohort (P) | 220/880 folic acid supplement 1. User
2007 first trimester (from All oral clefts: no association

Netherlands

conception until
enrolment)

user

dose

0-5200 mcg/daily
<400, 2400 mcg folic
acid daily

Cleft lip: no association
Cleft palate: no association
2. Dose

1) Continuous

All oral clefts: no association
Cleft lip: no association
Cleft palate: no association
2) <400, 2400 mcg folic acid daily
All oral clefts: no association
Cleft lip: no association
Cleft palate: no association

CIl, confidence interval; OR, odds ratio; RR, relative risk.
CC: case—control study; CC(P): population based case—control study; CC(H): hospital based case—control study; Cohort (P): prospective
cohort study; Cohort (R): retrospective cohort study
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BT D LALIRFT & 2 WIT AR R O ZERRE BUL, CHDs 2B L TIL TP
RDPDRBEINTWNDHDORZ NN, DOBENHERICHET L THIRITERE
FEERNMBEL TS, ZOERKNE LT, KRBHSORERB YA TOER IE
feth 70 A2 FPOEEE, EREHOERLEENEZ NS (FengY et
al., 2015; Wehby GL et al., 2010), F7=. KPNIEEE L~ )L T BRI B
BT 2BEOBR1TFZ2HEDOMAGDLRHIZL Y ZEEZ1F %5 (Bueno O
et al., 2016), T D7, FERFEICRILZ AW 5 58l TIX, AN OIER &
RFOE MM TE D LTV AR, T2 T, WL ONDHFETIE
HERBEELZHEL, CHDs  CHENZHEOMEEZFML Wb, 7T AU
e T =R —INTD2ODr—Aa ha—LiffE L 47 X D the
Dutch HAVEN study ® 2 5D/ — &2 a2 kv — LiF 78I HEEZ OREBL O
Mg « M8EdH 5 WVITRMERERREZHE L TFEHD CHDs Y A7 LD
BELZBRF L, WIiLb CHDs #A 75 FELDORE E EREF DR\
EHLDORBOHPER DIERBEEIZIZZEZITA LI > 7~ (Hobbs CA et al.,
2005, 2006; Verkleij-Hagoort AC et al., 2006a, 2006b) (¥ 3), F7=. &
DODABABEHENBOEREE L OE (R4) TE 704075 —2R
3y b — LW TR HER OFRIMERIEFERE & OE XA Lo T
ZEHERAEL TS (van Rooij IA et al.,, 2003), L22L., £ XU AD
=@y bu—) L5 TTIE, MES QR MERE J OVMLIE BERE IR L A M
ENEBEBHVAZIFETTL20, AFRY A7 3WNT 5 @5 L Tn5D

(Little J et al., 2008), 7=, 7 AU « 22X INDOFr—A =3 Fa—/Lif
JECIXPER ORBLO M L OURIMERBERE IR E DRV 2 & & B o 1R
BLOOEHY X7 OEMCBEENS 722 & 2#HE L TW5 (Munger
RG et al., 2011), Z Ok Hlcr—2rary ha—A@F5RIc LY HE% O
BlomMPERREELEHAERODBOZHLE OBELZRF LA ERT T
720, LavL, DK, OB, OFNEF LWBERE 24 U7 WREIX
FNENES 3~6 1 (BRERFOLHGITT~8H) £T, ¥ 5~6i

(B JERE OLAIEHE 7T~8 1), 5 7~9 il (BERFEOLAIT 9~10 )
THVH (DO S5ER, Moore P & 2007, AL, 2010) ., HFER O BERR IR |C
Ko TEHREEI OZER DR E 2703 2 OILE Y TiEeu,
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K3 EMREELFELDCHDsEDREE

First auth.or, year, Stu.dy No. of sample or Exposure OR/RR (95% CI)
Region design cases/controls
Verkleij-Hagoort AC, et | CC 149 /183 serum and RBC folate 1. Serum folate (nmol/L) Median (min, max)
al at 11-18 months after the cases: 15.0 (6.2-27.8)
2006a index—pregnancy controls: 14.1 (6.4-40.3)
Netherlands p=0.05 1.3 (0.5-3.1)
2. RBGC folate (nmol/L) Median (min, max)
cases: 646 (299-1343)
controls: 630 (163-1549)
p=0.05 1.1 (0.4-2.6)
Verkleij-Hagoort AC, et | CC 192/216 serum and RBC folate 1. Serum folate (nmol/L) Median (interquartile
al at 11-18 months after range)
2006b the index—pregnancy cases: 15.0 (12.3-18.6)
Netherlands controls: 14.6 (12.1-19.4)
p=0.05
2. RBC folate (nmol/L) Median (interquartile range)
cases: 666 (535-793)
controls: 674 (537-855)
p=0.05
Hobbs CA , et al. CC 331/125 Plasma concentrations of | 1. Plasma folate (ug/L) Median (min, max)
2006 folate cases: 9.67 (1.86-30.23)
US.A after the index—pregnancy controls: 10.12 (3.55-34.92)
p=0.1042
Hobbs CA , et al. CC 224/90 Plasma concentrations of | 1. Plasma folate concentration (log
2005a folate transformed)(mg/L)
U.S.A at 6 week after delivery Median (min, max)

case: 9.60 (1.86, 30.23)
controls: 10.66 (3.55, 40.12)
p=0.168 0.89 (0.41-1.96)

CIl, confidence interval; OR, odds ratio; RR, relative risk.
CC: case—control study; CC(P): population based case—control study; CC(H): hospital based case—control study

25




Cohort (P): prospective cohort study; Cohort (R): retrospective cohort study
RBC folate: red blood cell folate

T4 EREELFEIOOBOSZTHEDOEE

2011
US.A

concentration
12 months after the end of their last
pregnancy

First author, year, Stu'dy No. of sample or Exposure OR/RR (95% CI)
Region design cases/controls
Munger RG, et al CC(P) 347/469 Red blood cell and serum folate 1. Serum Folate

(nmol/L)(Quartile)
Cleft Lip: Q2: 0.86 (0.54-1.36)
Q3: 0.66 (0.42-1.05)
Q4: 0.34 (0.21-0.56)
p—trend p<0.001
Cleft palate: Q2: 0.67 (0.35-1.27)
Q3: 0.54 (0.28-1.03)
Q4: 0.35 (0.18-0.68)
p=0.002

2. RBC Folate (nmol/L)(Quartile)
Cleft Lip: Q2: 0.83 (0.52-1.33)
Q3: 0.65 (0.41-1.04)
Q4: 0.78 (0.48-1.25)
p—trend p=0.20
Cleft palate: Q2: 0.78 (0.42-1.46)
Q3: 0.46 (0.23-0.90)
Q4: 0.49 (0.24-0.97)
6=0.01
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First author, year, Stu.dy No. of sample or Exposure OR/RR (95% CI)
Region design cases/controls
Little J, et al CC (P) 112 CL Red blood cell folate concentration 1. RBG Folate (nmol/L)(Quartile)
2008 78 CP 12 month postpartum Cleft Lip: Q2: 0.2 (0.08-0.56)
UK 248 controls Q3: 0.5 (0.21-1.31)
Q4: 0.5 (0.18-1.18)
Cleft palate: Q2: 1.6 (0.56-4.38)
Q3: 0.9 (0.32-2.67)
Q4: 3.22 (1.14-9.10)
OFC: Q2: 0.4 (0.20-0.93)
Q3: 0.8 (0.36-1.72)
Q4: 1.1 (0.52-2.51)
van Rooij IA, et al CC 96/88 RBC and serum folate concentration 1.RBC Folate (nmol/L)

2003
Netherlands

around 14 months after the index
pregnancy

Median(10percentile, 90 percentile)
cases: 631 (573-694)
controls: 635 (575-700)

p=0.93
2. Serum Folate (nmol/L)
Median(10percentile, 90 percentile)
cases: 12,9 (11.7-14.4)
controls: 13.3 (12.0-14.9)

p=0.70

CI, confidence interval; OR, odds ratio; RR, relative risk.
CC:case—control study; CC(P): population based case—control study; CC(H): hospital based case—control study
Cohort (P): prospective cohort study; Cohort (R): retrospective cohort study; RBC folate: red blood cell folate

OFC: orofacial cleft

27




A& AR — MRS L D ARIRAIH & 2 Wi o BERR IR i & e K B
OEEEZBRF LT 2 71— 05, FELITMENDOERBEENH D
FEEL O U AR 01 o M 75 E R MK ) > 7~ (Hammouda SAet al., 2013). &
5T CHDs R OB Lo EIZA L L2~ 7= (Shaw GM et al.,2009;
2014) E#HmELTWD,

ULEND, CHDs RNE N HR & HERE & o B 2 74l L 72 /70 %
WEr—2zay ra—nAfRICLEDLOTHLD LT A& LTH
BHEDOFRRANAL T A IREBRRETH D ERBICZKER FHE#RO BV LA
AT APFRERICEELERIF LI LI3ED 72, 70, BATHZEIERCK, F
EOLMEXNRE LI ONEL  HRICBWTHER LEREE L OME A
FEAMG L 7= miTm = AR R0,

7. KWFZEO B

(R L &b O@FEICET 24bENE (ALiEE R 2 7 ) ) 1I3AeifEE I
BOWTHEMHE S —ADOHA R — MMETEE 2002 F0 5846 L, fEEHO
M OREBRBENHARORBEICKIETHRZIT> TS, 2N E TICER
a4 (Hanaoka et al., 2018) | 4fis O BEFR B ECK It (Yila T et al., 2016) .
Z L CHIE R &AL IR OB S AR E I X T2 (Yila T et al.,
2012) 72 E&#|E L TWDH, RUFZEIX, dEIR O Mg IR B & e R E
U227 LEDOBEZHAS/HCTSZ 2RI,

0. Kia

1. WFZE5 5

1) WXt g

ACHEE A & 7 ¢ (X AEHR IR 0D BR BT AL 5 0 B R 8 0% HH /A IR D e (5
fr, MAERE, BREERE, BEF-HE, T2 CRIFTTHE
ERET DRI E ak— MNMFETH D, dLMEED 37 HEG (KPP 3
Wi, BIRAREE 8 M. £ OMOREE 21 Mg, 7 Y => 7 5 fi#) T
2002 FELIREICIEIR 2 2 W S U720 0R 13 R0 O L SR ZE ) 1 o B gk &
IToTWVW5S, 2012 TREEZKT L, 320,962 4038k 7c (Kishi R
et al., 2011; 2013; 2017), X— A J A VRFIZIFARRAEMFHEZEIC L - T
Flin, fEafREiRo (BOEFE, e . B, BEEMERAE ., iR AT
DR - IREZ EORERYEMECIE IR0 O BRE B 1| AEEIE, RES X
CeZ I 7Y A NofEH, BEERORKRE, £ L T RERWZEEIC
OWNWTOERE/RT, o, MGEMRBEEZNET D08 MAEIT 72,
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Oy BRAS T RRICITZ iR 2> b M PETR 2 1572t PETR 1 A & 2 ARSI EN
FICHRAEMMEZE LB L TRoOEFEREZG (X 8),

BEEXEERER HAER = @ = o aE
I (EFER) BRXEERAER ABEAERHREER

Y 7 Y R/

B BOER ROER RO1E#H
-BHETER  HEEN Ly = -REXEE EXEE
- HHURA -BLEE -EREH

-BREIERE  -HEiRAIOE K, AE -t Rl

-FCEEE -BREERE AR E

- BRI TYAUR SRR

-HAEHBER -AXEEREE

8. LBEREATADT—RNERNBLUNERH

ARHFFETIL, XR—=R2 T A VREENH Y | EIRDH (TR 14 BARR) oM
TEER S HE SN HEBE2EE 12 BUBICHE L2 MEoFmns, 1
DEREFHOFEN AR, WORKREEDNROAKET B rEETHLIS
ElIEBRA LT, 72, BIERCHIRAR EOEFICKEE X 72 S WG EO
HEFTDHLELEFEORME LRI Uiz, & DI, (LIRYIH O BERR O £ &
WENDEBERNT DT OICEHEDORBICAEREENH D2 L -2
B DR D ERAN U T e im0 FRAT X 5213 14,896 f LD B+ T 5 (X1 9),
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20,926 participants agreed to join the Hokkaido Study on
Environment and Children’s Health between 2003 and 2012

\ Without baseline questionnaires (n=774)

birth records (n=1,446)

[ 18,586 participants ]

Excluded: Patients with hemolyzed blood samples or those
\ whose folic acid measurement values were not continuous

[ 15,309 participants ]

\ Excluded: multiple births (n = 274)

stillbirth at under 12 weeks of aestation (n = 42)

[ 14,993 participants ]

Excluded: unclear of birth defects (n = 9)
\ chromosomal abnormalities (n = 33)
gene disorder (n = 17)
minor birth defects (n = 21)

|

Without birth defects With birth defects
(n =14,538) (n =358)

[ 14,896 participants ]

9. WEHIJO—Fv—Fh
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2) fiELAYECL S

AWFZEILALMEE KPR FPe RS20 R (2003 42 3 H 31 H) & L OLHE
ERFPEREEEAFHEEZ X — (20124 3 A 22 H) OfMBERES DK
BEGE T2, £, MRS IMEFICITERB X OHEICTHREDO B, N
. BANEHROKRE, SMFICEHAHITRN & WO THIES L &
WL ENTELZ E HAMBEORREZITY Z 2T L., REEL IS
L7z,

3) HAEHE & HIEFIE

W LT — 213, "= 4 VIO R XNE M RAZE, IR
RFICER I U 72 R K 2 MG SERR IR BE . HERER 2> 6 o AR H, 1P
FO 2RO ~0BRAEMHAEETH 5,

NR—=2 74 RO AFLAERFAEZE CIX, BEOFl, K. MIRATOK
&, BETEEE, ERE. BESE. HREFTOFIERE., 4 Bl OGEYRO A5 B)
R AR UR 12 08 £ TOME | 8GR, A (L7 3545 3 I OV R 3K)
A, By 7 A MERZR EOEHMAERT-, AEBIONIZETIiE, FEEEFEM
DY TV AU NBIOEREGEAE~NVTEX I VAIOERE ZERY 7Y A
Y MEREZEEER LT,

SISk U= B DN AR 12 LA o L 7235618, HBEREE 2 & HPE
% 7 HE TIolImas (E, JEE, AE) | [EMRIEE HAERKRE, N,
SRR, HIERE R IO WTOHEEHREET-,

ST, HEE 1FBLV 2 FRFAICERMENY L2/~ Bt XVE M
HEZEIZELY, EXREFEEEOTLRORERE - EEREOFH 2157,

MyERERREE 2 ET 5720 O MIT Mm% 2 pk ~ K L7, B
WZHT- 0 BRI EOREIF L Ty, MiEEREEITESE (X
24 SRL AL E 7 A7 b U —) IZZ&WE L. the ADVIA Centaur technique
XD atEE AR A - bR BERE R R E W E VL (competitive protein
binding chemiluminescent enzyme immunoassay) (sensitivity, 0.91 nmol/L;
coefficient of variation, 4.0-4.3%; imprecision, <10.0%) |Z & - CTH#|& L 7= (Yila
T et al., 2012; 2016) .,

4) HRBFEOER LM

AMFZETIEL, AR 0 S RELF S T, R 2 b o AR R D 12 |
HAEZIZIZZW RS 5722 CHDs RfRIE T A7 & DR BE W 4 15
L1012, BBA~OHER 1 EBLO 2 FiF 808 it NVE A E S 4
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L7z, ERIEBE D O REFERIZ, TOREICEEEKRNOREENB XL
NDHEREG S5 EEBEFFL LIZFNOOEIRE L, TN LSO KREF O
BAITEBL O A HHE L7~ (Hanaoka et al,. 2018) . [E B & OVREBL
NOHMEINTAERBENEDOSIEIZSH T2 > TL B E R EMOMR 2157,
I, ERBEFIIRAESENCICD- 10 ICESETE Lz, S 612, MRk
#fE (neural crest cells : NCCs) Hisk#3'E D%t K5 % NCCs Hi 3k K 5
W L EF L. NTDs (Berry RJ et al., 1999; MRC, 1991; Czeizel et al.,1992) .
CHDs (Smedts HP et al., 2008; Li X et al., 2013), H/EZ - 0HZ (LiSetal,
2012; Rozendaal AM et al., 2013) . A& FZ¢ (Ormond G et al., 2009) . DUk /K
2 (YangQetal., 1997) ZZNiZ& D7, CHDs X5 >DOHY 7 7 v—7; O
B O L=EFFEKIE (ventricular septal defect: VSD) ., LFE H g /K (atrial
septal defect: ASD) . @ H#fEEhfIRer S5 CRENIRET 3. Fallot MU, KE)
WRdE. mREIRAGEEGE)., O AWmEK-REE (REkmpkzsE, £=IEE
FERRE . (IR P A 2. RERMEZE) . @ AItE-REE (8R4,
I ENIRPA . =225 PAEH. Ebstein &7 ¥). ® £ DOffio> CHDs (R LA IE,
HLE, EREROBIRERGF . E) 128 L7z (van Beyunm IM et al., 2006; Li
X et al., 2013; Czeizel AE et al., 2015),

5) it al AT

MEEMRBEEIIFEER A EZEL T2z d, PTR{E (Interquartile
Range: IQR; W r#iPH) Z~ L7, BB OB ERR T, & & TRATO K
H DA L2 gEaT BMI XY (standard deviation: SD; #EHE(R 22) %
BHL, A7V T =23l (%) 2HH L, £/, EXREFOR
WFELDRE EEEREFEOH LT L6 OREE & O Mg ERIREE O LI
L. U anval Y R EIRMIRE, 77 AN U+ U AMEZEIT- T2, I
TEIEMEE L R A L OEICE L ik, MIGERIEE 2 AR T
logZZH¥L7=Db, n VAT 4 v 7RG 2R LT, dHZE#%E O imlE
EMRE LR A EHAEICET 54 v Xk (odds ratios; ORs) & 95% 15§
X[ (confidence interval; CIs) #HH L7=, F7-. MIEEERRREE D 5ARIZ
FORGFELZ AR HT, BBEWEE B 1) 2V 77 L2 1.0 &
L7zRE DS RBE R AED ORs & 95% FHXM b R L7, &K 71X 51T
MIE2 EMNDBR—R T 4 VEFEORBlOFEN GHEpis) . BEEHER (0 |, >1
), BHEFEK (<12 4, >124F), #L0RA] BMI (body mass index; {K#+5
) (g ) BB EROMM CF, ), MIRFToRmEE (), ),
R (F, ), iR 12 BF comiREE2ETRE (F, ) L L7,
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FKE TR 0.05 Kifi & L7z, #EET T2 13 SPSS for Windows, version
21.0 (IBM Corp., Armonk, NY, USA) Z{HEH L 7=,

2. b5
1) XREORM
T AN RIGE (LT, R\ LT D) ORX—2T7 4 VO REEEES
R, REBLOEENT ) 29.8 (SD, 4.8) % Td o 1=, IEUERT BMI |35 %
(18.5~24.9 kg/m?) N H %< 71.6% T, M (18.5 kg/m2 AKJifi) 1% 17.3%
Thole, HEFEIL 124 (FREFE) UTE 12F LV EVRIZIEFRT
HETH o7, P 42.5% TRER O TN %o 1=, fTikiiE TOK
HEERD DL DX 13.2%., BEFIL 39.3% CTh 7=, £, EEfIE
WEZTTEb DX 4.0% D72 BERFRBEIL 0.6%., B REFEDOFEE
BERHDE DL 22% Th o7z, HIEMOHICM OO EBAEOH 5 H D
37.7%. MY 7V A MEHAEIL22.6% TH -7,
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x5 R—RASAVEDOREHETIRMIAD MBEEREE (n=14,896)

Serum Folate

Characteristics n (%) cocentration p-value
(nmol/L)

Maternal age at delivery (years)

mean(SD) 29.8 (4.8)

<20 177 (1.2) 13.8 (10.9,17.0) p<0.001°

20-24 1,944 (13.1) 14.9 (12.0, 18.6)

25-29 4,969 (33.4) 16.3 (13.1,20.8)

30-34 5,209 (35.0) 17.2 (13.6,22.4)

>35 2,596 (17.4) 17.9 (14.0,24.0)

Unknown 1

Body Mass Index at Prepregnancy (kg/mz2)

mean(SD) 21.2 (3.4)

<18.5 2,525 (17.3) 16.3 (13.1,21.1)  p<0.001°

18.5-24.9 10,420 (71.6) 16.8 (13.4, 22.0)

>25.0 1,615 (11.1) 16.1 (12.9, 20.8)

Unknown 336

Educational level (years)

<12 7,302 (49.4) 15.9 (12.7,20.4) p<0.001°

>12 7,480 (50.6) 17.4 (13.8,22.9)

Unknown 114

Parity (times)

0 5,963 (42.5) 16.5 (13.1, 22.0) 0.028°

21 8,066 (57.5) 16.3 (13.4, 20.8)

Unknown 867

Drinking at early pergnancy

Yes 1,951 (13.2) 16.5 (13.6,21.1) 0.818°

No 12,793 (86.9) 16.5 (13.1, 21.7)

Unknown 152

Smoking at early pergnancy

Yes 5,793 (39.3) 15.6 (12.5, 19.7) p<0.001°

No 8,929 (60.7) 17.4 (13.8,22.9)

Unknown 174

Assisted reproductive technology

Yes 592 (4.0) 19.0 (14.7,29.4)  p<0.001°

No 14,206 (95.4) 16.5 (13.1, 21.5)

Unknown 98

Diabetes mellitus

Yes 66 (0.5) 18.0 (14.4, 23.3) 0.169 2

No 14,037 (99.5) 16.5 (13.4,21.7)

Unknown 793

Family history of birth dects

Yes 322 (2.2) 18.1 (13.8,22.9) 0.003°

No 14,457 (97.8) 16.5 (13.4, 21.5)

Unknown 117

Medication at early pergnancy

Yes 5,577 (37.7) 16.8 (13.1,21.7) 0.248°

No 9,201 (62.3) 16.5 (13.4, 21.5)

Unknown 118

Any folic acid supplements use at early pergnancy

Yes 3,315 (22.6) 24.5(17.9,32.6)  p<0.001°

No 11,321 (77.4) 15.4 (12.7, 19.0)

Unknown 260
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2) HFHR ) A 0D I 17 3 R e T

I 37 ZE 84 0 E A 0 iR OB BRI X E AR 10.8(SD, 1.7) il Th - 7=,
MIFERREE O R fEiX 16.5 (IQR, 13.4-21.5) nmol/L T&H v . LI ERE
EEOEE (6.8nmol/L R ; WHO E¥EIC X 5) T 0.7% Th - 7=

(X 10. MyEHERIRE OSAR), HEBMAT ORER., BB OREREO R &
MIEFEREIRE N E - T-O1E, BEBLOFEE S & < | IR BMI OFZ%E (18.5
~24.9kg/m?) BE, HEFEEK 124 L0 EL< WIFER., (EIRATOIEBRER | A&
TEARBNERFI A e RBEEOFEREDOH 5 b D, = L TR O BERE Y-
TV A MERETHoTZ (F5),

1,400

1,200

1,000

BO0 4T

(>) &>

B0

400

200

Rululul 20.00a a0 .I!IICIU B0 .EJUCI B0 .EICIU 100.000
Mm;EEFERZEE (nmo/L)
10. IRV OBADMEEREE DS (n=14,896)
3) HAEWR OB, (EIRIHIMm IS ERR R & e R & o B
oo H PEIR BB I E (IR 22 @ AR D N LIt E & Te) 0.9% . JEFE 0.3%.
HPE 98.8% ThH o 7=, MEMREEIL ) 38.6 (SD, 2.7) ., H/EWRKEITLF

¥ 3035.2 (SD, 599.3) g Tho7-, WOMHIIZHIE 50.4% T A L1ZIF
A UEIASCTH o1,
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KGEFEDH BHAERITM PO REFENHALNTZDIL 2.4% (358 4)
Tholz, HERDEKRETE CROLENSTZHREITHELRR 130 K, kW
THIl# %R 63 W Tholz, £, HEAMTIT VSD 2 61 K THRHELL .,
WIZHiE R Fr e z2 D 17 W TH -7, NCCs HIKEE DI RKEFIT 161 &
T, WERIZ NTDs 6 i, CHDs 125 /i, BAmZAL 21 K, JRiE &L 4 W, PO
W2 W Thot-, CHDs %7 7 —7Tik, FIEKEN 0K L b %
Mo T

HREFEZHEIRLOVEOBBBLIOEXREE 2HT 5 RORBOIM0ELE
PRI O R IHEIX VT Y 16.5nmol/L T - 7=, IR H] O R8O %t 5
B G ERRIRE B O REFHBLO Y 2 75l (& 6) TIiX, W
REFH (Q60-64) & EHZ (Q65-79) TxXIHZE#a L /- M iE R FE N 1
BN ES3 5 ICF%% ORs IR THMm N A LT, et 7ia BEER
o holz (R F., ORs [95% Clsl; 0.47 [0.15-1.45], 0.61 [0.30—
1.24]), —J7. #f% (Q00-07) L OEAKE O HHER (Q35-37) TIE, %f
B U T MG SERR IR LY 1 BAZ B 2 5% ORs @ EHEH WM 25 4
NN M FZEEZIIA OGN 2o 7= (F1E i, ORs [95% Clsl;1.35
[0.28-6.48], 1.94 [0.66—5.80]),
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x® 6. FIRVHOBHROMBRHREE (BERANBERE) LE2EXREE

BX

UHREFNDERERZELOBAE(ARXREBEZALGVWROEREDELR)

Wb seumfome o Ol Adusted
defects (nmol/L) 0 0
. 16.5
Any birth defect 358 (13.4, 22.0) 1.04 (0.79-1.36)  0.99 (0.74-1.32)
ICD-10 code birth defects
16.9
Nervous system (Q00-07) 12 (14.9, 25.8) 1.68 (0.42-6.78) 1.35 (0.28-6.48)
16.0
Eye, ear, face, and neck (Q10-18) 12 (14.3, 20.3) 0.87 (0.20-3.77) 1.33 (0.29-6.10)
. 16.5
Circulatory system (Q20-28) 130 (13.4, 22.2) 1.09 (0.70-1.69) 0.99 (0.61-1.61)
Respiratory system (Q30-34) 1 1(6_')5 0.04 (0.00-5.69) 0.03 (0.00-3.58)
. 18.3
Cleft lip and cleft palate (Q35-37) 24 (15.3, 21.9) 1.56 (0.58-4.21) 1.94 (0.66-5.80)
. . 18.1
Digestive system (Q38-45) 18 (13.4, 21.5) 2.18 (0.71-6.68) 3.03 (0.90-10.21)
. 16.3
Genital organs (Q50-56) 63 (12.9, 21.7) 0.97 (0.52-1.83) 0.91 (0.45-1.83)
. 15.9
Urinary system (Q60-64) 25 (13.6, 18.8) 0.55 (0.19-1.56) 0.47 (0.15-1.45)
Musculoskeletal system (Q65-79) 61 (1212'32’0 2 0.77 (0.40-1.48) 0.61 (0.30-1.24)
Other Skin (Q80-85) 12 19.3 1.57 (0.39-6.38) 2.18 (0.50-9.52)
(except for syndromes, not elsewhere (12.5, 28.1)

classified)

CI, confidence interval; OR, odds ratio.

Serum folate, median (IQR). Serum folate level of women who had infants without birth defects

was 16.5 (13.4, 21.5) nmol/L.

ORs (with 95% CI) per log-transformed folate concentration in maternal serum folate level.
Adjusted for maternal age (continuous variable), parity, educational level (years), assisted
reproductive technology, smoking, alcohol, body mass index (continuous variable), and

medication use.

MIGEERREE OIS X ASHTIX, B 1 MUS L s LT, & 2. &
3. F 4 WHALOWTIIZEH ORs (K FEHM N A LN T-28'E O KEF L7
<O H1MpAL LT, 2, 83, 4 WMoMOWNTIZEH ORs k1

AN A ST O3 R (Q00-07) & iH LER AR

By WTFRLREFERNARRZIADN R o Te (R T),
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x 7. ERVHAOBHROMBEEREE (MM EEAEREESIVREINDAERERELOBEE

Quartile 1 Quartile 2 Quartile 3 Quartile 4 5;?(;
No. Birth defects No. ORs No. (95‘?’/?80) No. (953/?2') No. (953/?5(])

Any birth defect 358 94 100 87 (0_7:?'?91_35) 84 (O.GF???L.ZS) 93 (0_73}?01_37) 0.864
Nervous system (Q00-07) 12 2 1.00 3 (0_161'_1302) 2 (0.161'_1%_55) 5 (0.402;2193.07) 0.337
Eve, ear, face, and neck (Q10-18) 12 2 1.00 5 (0_593;036_08) 3 03 4240152. ) 2 (0.221;6;)1.7 gy 0753
Circulatory system (Q20-28) 130 33 1.00 35 (0_641'961.73) 29 (0.48'_701_21) 33 (0.5;)'?51_59) 0.531
Respiratory system (Q30-34) 1 1 1.00 0 - 0 - 0 - -

Cleft lip and cleft palate (Q35-37) 24 4 1.00 5 (0_401'5%,62) 9 (0_75;5;_46) 6 (0_451'1563_71) 0.276
Digestive system (Q38-45) 18 2 1.00 4 (0_494f‘450_00) 6 (0_675j590_06) 6 (0.806;838.46) 0.064
Genital organs (Q50-56) 63 21 1.00 12 (0_38'??34) 14 (0_38'22_57) 16 (0.337731_51) 0.469
Urinary system (Q60-64) 25 6 1.00 9 (0.511ﬂ.26) 5 (0.28?53_14) 5 (0.22;73_74) 0.543
Musculoskeletal system (Q65-79) 61 20 1.00 12 (0_28'?11.30) 15 (0.32'7701_45) 14 (0.38'5321_30) 0.258
O(tgfggstk;gr(s?/ig}iaes, not elsewhere classified) 12 3 1.00 2 (0.12.—12.33) 1 (O.ng%.ﬂ) 6 (0.673;458.05) 0.128

CI, confidence interval; OR, odds ratio.

Adjusted for maternal age (continuous variable), parity, educational level (years), assisted reproductive technology, smoking, alcohol, body mass index

(continuous variable), medication use.
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/J’Z Z. WEARWVEA O REB O R A L 7o MG SEMR R & NCCs HRDIER

HeEOBEEZMRFI LA (£ 8)., CHDs & VSD
@fﬂ1$uiﬂﬁéﬂ A% ORs ORAE T 23 A D VT3,
HE#*
[0.30 —1.33]), —J7. ASD & OEBZUTIE, * B L - i ERREEN 1
AL EH T 58I 1% ORs O EFHAHRI 2N A L O H LT 08,
EIXHE N2 o= (EnEi., ORs [95% Clsl;2.72 [0.49-10.53],
[0.96-17.58]).

x 8. WHIRMBIOBHROMBFRERRE (BARNHEMRIE) & NCCs HRBFED
EREBLOBE(EXREEZALGVLWVEDBRLOLER)

VR A A L 7 i v B R
A FRY
TN o (FRFh. ORs [95% CIs];0.83 [0.50-1.37], 0.63

WA E
4.10

No. of infants

Maternal serum Crude

Adjusted

Wciltehf:ftr:h folate (nmol/L) ORs (95% Cls) ORs (95% Cls)

All birth NCC defects 161 16.5(13.5,21.7)  1.09 (0.73-1.62) 1.02 (0.65-1.58)
NTDs 6 19.9(14.9,26.5) 252 (0.37-17.25) 2.01 (0.21-19.05)
CHDs 125 16.5(13.4,20.6)  0.94 (0.60-1.48) 0.83 (0.50-1.37)
CHDs classifications

Septal heart defects 80 16.4(13.3,21.0) 1.04 (0.59-1.82) 0.91 (0.49-1.70)

Conotruncal heart defects 5 16.5(15.9, 20.6) 1.01 (0.11-9.49) 0.74 (0.08-7.19)

Left ventricle outflow obstruction 9 14.9(12.9, 16.5) 0.30 (0.05-1.76) 0.23 (0.03-1.68)

Right ventricle outflow obstruction 17 16.1 (13.8, 26.3) 1.11 (0.33-3.71) 0.91 (0.25-3.27)
CHDs phenotype

Ventricular septal defects 61 16.3 (12.7,19.9) 0.73 (0.38-1.40) 0.63 (0.30-1.33)

Atrial septal defects 12 22.2(13.7,30.5)  3.30 (0.86-12.62) 2.27 (0.49-10.53)

Pulmonary valve stenosis 17 16.1(13.8, 26.3) 1.19 (0.36-3.95) 0.93 (0.26-3.31)
Orofacial cleft phenotype

Cleft lip with or without cleft palate 13  19.0 (15.9, 21.3)  2.25 (0.60-8.38) 4.10 (0.96-17.58)

Cleft palate (alone) 8 18.9(13.9, 22.7) 0.81 (0.13-4.87) 0.47 (0.06-3.62)
Hypospadias 4 21.6(12.1,35.1) 2.86 (0.28-29.65) 1.86 (0.10-34.66)
Limb reduction 2 16.8(15.9,17.7) 0.83 (0.02-30.19) 2.92 (0.05-157.08)

CHDs, congenital heart defects; CI, confidence interval; NCCs, neural crest cells;
NTDs, neural tube defects; OR, odds ratio.

Serum folate, median (IQR). Serum folate level of women who had infants
without birth defects was 16.5 nmol/L.

ORs (with 95% CI) per log-transformed folate concentration in maternal serum
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folate level.

Adjusted for maternal age (continuous variable), parity, educational level (years),
assisted reproductive technology, smoking, alcohol, body mass index (continuous
variable), and medication use.

CHDs were classified by a previous study (van Beyunm IM et al., 2006; Li X et
al., 2013; Czeizel AE et al., 2015).

MIEERIRE O AL TOHHT (R 9) TH, 5 1 MUSNAL & g LT EfAr
272 %1E 8 ORs I PN A SN2 b Dk, VSD Th o 72nd, Mt #mia
BRI LN Do T, EATHE CHEIR AT O R U X 0 KB ED TB
HEDFRO BTV D NTDs IZAXMREH 6 i, & OREE ORI o
I VE R E B 1 19.9 nmol/L Th o 7= RIEEH U 7= IS MEM R 2N 1
N EFHT Dm0 FHE% ORs[95%CI] 1% 2.01[0.21-19.05] TH -~ 7=, F7=.
VU3 C OB TS EREIEE N BA2IC 72 51FE ORs (X M A7 L2
WTFN S RMETFAEEEIIA DR o T,
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xK9. HIRVHOBHROMBEREE (M) ENCCs HRFEDEREELDEE

Quartile 1 Quartile 2 Quartile 3 Quartile 4 tF;efr?zg
. ORs ORs ORs
No. Birth defects No. ORs No. (95% CI) No. (95% CI) No. (95% CI)
cell defects (0.67 — 1.65) (0.55 — 1.41) (0.60 — 1.55)
NTDs 6 1 100 1 1.21 1 1.33 3 3.23 0.350
(0.07 - 19.80) (0.08 — 21.80) (0.27 - 38.52)
125 33 1.00 34 1.02 29 0.70 29 0.83 0.271
CHDs (0.62 — 1.68) (0.40 — 1.21) (0.49 — 1.40)
CHD classification
80 21 1.00 21 0.91 19 0.64 19 0.85 0.444
Septal heart defects (0.48 — 1.72) (0.32 - 1.30) (0.44 — 1.63)
5 1 1.00 2 2.20 1 0.98 1 0.80 0.698
Conotruncal heart defects (0.19 — 24.89) (0.06 — 16.16) (0.05 — 13.62)
. . 9 3 1.00 4 1.62 1 0.38 1 - 0.116
Left ventricle outflow obstruction (0.35 —7.42) (0.04 -3.78)
Right ventricle outflow 17 4 1.00 6 1.45 1 0.23 6 1.29 0.901
obstruction (041 —516) (003 —|208) (035 - 474)
14 4 1.00 1 0.35 7 2.07 2 0.75 0.699
Other CHDs (0.04 — 3.41) (0.51 — 8.47) (0.12— 4.69)
CHD phenotype
. 61 17 1.00 17 0.95 17 0.68 10 0.61 0.159
Ventricular septal defects (0.47 — 1.91) (0.32 — 1.46) (0.27 — 1.36)
. 12 3 1.00 2 0.31 1 0.30 6 1.19 0.672
Atrial septal defects (0.03 — 3.04) (0.03 — 2.97) (0.26 — 5.35)
. 17 4 1.00 6 1.44 1 0.23 6 1.23 0.842
Pulmonary valve stenosis (0.40 — 5.13) (0.03 — 2.05) (0.34 — 4.51)
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P for

Quartile 1 Quartile 2 Quartile 3 Quartile 4 trend
No. Birth defects No. ORs No. ORs No. ORs No. ORs
Orofacial cleft phenotype

Cleft lip with or without cleft 13 1 1.00 4 5.48 5 5.85 3 5.38 0.162

palate (0.60 — 50.17) (0.64 — 53.63) (0.54 — 54.13)
8 2 1.00 1 0.52 3 1.50 2 0.46 0.805

Cleft palate (alone) (0.05 - 5.75) (0.24 - 9.18) (0.04 — 5.26)
) 4 2 1.00 0 - 0 - 2 0.67 0.560

Hypospadias (0.06 — 7.87)
2 0 1 - 1 - 0 - 0.582

Lim reduction

CHDs, congenital heart defects; CI, confidence interval; NCCs, neural crest cells; NTDs, neural tube defects; OR, odds ratio.
Adjusted for maternal age (continuous variable), parity, educational level (years), assisted reproductive technology, smoking, alcohol, body mass index
(continuous variable), medication use.
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3. B

ARBFFRILRETIH & 2 — M AFZE &2 O TR O 0 8% %) 1A 0D L 175 35 i i i &
WOEKRER L OMEZRF Lz, MIGERREE (B AR EE#RE) o L5
X, MRREREFBIOODELDHRNY 27 O#% ORs b8\ A
HONTe— T, REFR, HE R RET OFE% ORs 1ZAME M 23 7
Hiviz, NCCs HERLE O KEF TlX, ASD COEA D% ORs LA
fHE N B T2, VSD O % ORs XA AR bz, LaxL, W
TN OBE S FEICH T TILAR Do 72, SBATHFZE TIEIR AT A & 21 4R 9] 2
DRERBEUC L 0 BAMGI DRI R I TWD NTDs TlE, MiEHERER
FE EHAC X D% % ORs OHIME 288 - 7225, NTDs @O 2 6 i & 03k
TholcZ LICEETOVLENRD D,

D) RO MELER L~V & MAERORERREE Y X7 & oB

AWFFE CTIE, e KBS 2R IR & Bz 220 8 o BEEL R O 145 9 21 o 1 375
WERRBEIZETADN R o7, TivE TIOAHFZE & RARICER0H~F
D RAIM O FERREEE 2 HE L, /B CHDs R OB N #HZL L o R % Wi
L7EEIE 2 o6 5, YU T IETICBITAERL~L L CHDs, OE
i LR EDIEREE ) 27 L OB LIZEm & ak— ML
(Hammouda SA et al., 2013) 1%, KB H O H 5 W %2 b DREL O IR 9] 1
D LT BERE L~ L 3 40.85 nmol/L., e KEHE DWW IR %2 & SRS O I
TEHERE L~ IEEY 50.50 nmol/L THEMICIZABERENRALN TS
(P<0.001), L2>L. 5 OFFFE TIEREIL 1,180 4 L7 | HEERK
FEA ., (FIRAT BMI, WUEBIE R PO OEBENERZE S TN, T
AV« AT NV=TMNZEBNT, MBIk EFESDBRARE AT 5T
EHLDORBEERBHEDRNTE S ORBEOEIRE 15~18 ¥ B o i 15 %
it L ~ULZ kst L7= (Shaw et al., 2009; 2014), i & 1T AL & [FAE I H
AR OMHEBIREET £ IINBRBEALOBRBEIIRO N7z 2 &
ZHELTWD A, 208 B & LT, WIERBRIZEBEIC I V7 3 v =T M
TEM~DERTMMPITHONTWEZZENE, BAENICESE)N O ERENE
RCTETWEZ EEEITFT WD, 7 AU B TIHE NTDs PRIDO7=9HIZ 1998
ENDBEM~DOEBIBIMNED Siz, £ X > T 1999~2006 4Tl
HBERFEIIC & D Mo MG BERIEE DK L ~L (3.0 ng/mL & 5\ % 6.8
nmol/L Ai) 1359 0.8% & D TA 72 < 72 - 7= (McDowell MA et al., 2008) ,
Shaw 51 dx G5 o Mg BEERJE FE 2N i 2> o 72 Z & MSBELEME &2 o 724 7
MOTEHDO—D2>THDHEELRL TS,
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o N E O UL R O 4T O FEBR YR FE A A (Takimoto H et al., 2007.) & 2
% (Matsuzaki M et al., 2008.) 2#EL T\ 5, BAOHREIZL D L, FHIT
FAEAE O it 51 AN O MG BRI L 1L 23.2 nmol/L Th o7, £/, 2
75 1 B B AR O AR A O i iR 118 A oD ML il BRI o R 1T 4.8
ng/mL (EHFHHE 10.9nmol/L) Th o7z LWL L TW5D, KIFFEDOX&H
DI TEBERRIEE (P RfE) 1% 16.5 nmol/L T, RIFORISRE L v b I BERR
EEXES»->7, £72. 6.8nmol/L RiHDOIEK L~V HIT 0.7% THY ., T A
U 71 O EE O BRI EUR 3256 £ (2 McDowell & (McDowell MA et al., 2008)
DN U7 s BEER AN L~ LEE 0.8% EIRIERIECTH - T-, T Hix, K
ﬁ%?ﬂ%@@@mﬁﬁﬁvakﬁ®%fﬂﬁ%$k@%’E%ﬁ®%
HENH YT N e FIICAERETIER P> O —2>ThDH &
25,

2) WEBKIZET D ERE RO M2

ERIZ. DNABIORS-TT ) UNAF A= DERDTIZODOE Y 2V
BLOTV o ZEATDH 1 RERPFICARAXRBREERTHLTO, MO
HIER L O AFEERICLMETH D (Copp AJ et al., 2010), F7=.
NCCs 1%, & « BIZEAF R, BRREMHEMAE, 77U 7Hila, ‘Fieim. &
g (BEED, BHIE) A5 A fEk. 2 L CO R R M 72 Sz /{9 % 2% (Hall
BK, 2008) . R IZMALE FIZ/FET DB AR Y VN7 ERZ KK a &
AL, MN A~ S, MIBEENICEIE L. NCCs OHE - #EFFICMb
%HiEfnt Hesl & i L. inEE s T & L T# < (Boshnjaku Vet al, 2012),
Z D NCCs Ol « ;b2 S 2B FRBLUZIT E A N AEHH DA A
WET DN, ERIZIA T A =B TDNA/E R R EDRXATF AL HLE
72 AFNEOMIGITE < 72 AR HIE O A - SLICIZER OB X N E
HTH D (IchiSetal,2013), —5 T, FEHEIL NTDs O EH ORBLOLE
PRV O I ELCARMERERE L L AL T LHEWD T TR nZ &b
BB OERRBBRICMONOEENRD DDA T A= EIKIZE
FDAF LR EL 2D  ATFF =0 DHREV AT A U ~ORFBINEE X
NATFA =V ARREEREVAT A mEINg I NS e 2R L T
W5, L7eN-> T, EREO R MFEIE 0B E s L, RMICER D
AFF=v, FEVATAVRBEZHRTLIZE, TORMEL L TERIT
NTDs ® 5 b, Bkt 0 BHEO —HIC THIERH D Lk T\ 5 (R,
2011), ANIZHIT D2 EROM X 1T, BROBIRT 2 ERE T TlEe, 3
PN 5T 2 2B+ EAICEES5 7% (Bueno O etal., 2016),
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F o EBRAGHBEEBR T S AERATOEBM I L D REZERE L BB O
HAEAMZ CHDs & OBZICRO NIV OoMENH D (van Beynum IM
et al., 2006; Tang X et al., 2015; Ibarra-Lopez JJ et al., 2013), Z D Z &
XVEBRZIREBIXEENICERBRE OV A7 ICEEL RITT VS L0,
DNA A FNMALKIS ET21EX 7 VA F RERDTZD D A F )V E D ARNFIH]
RICHBE 2 MTT LI T ERBEEREICHEET S Z 2R LT
L, DNVOIITEREIRINCB T 2RO REE~DEE LR T 5720
(2. #ER 10.8 (SD, 1.7) BIZHERMRERIE 21T o7, LL, bED
DL N LIRICE LWBRERE 2 X TR EE 3~6 @ TH O . AWFIE
OMFEFHIEZ ORI 2| X Tz, 202 &b, REFFEIZE WV CTILE BER
RELEREERAEV R LOBENBDO NN oT—HEHTHD I &N
Ezohb, Ml 3~6 1 (MLHk 5~8 M) 1. &M B &P IELIRO A REM %
Bz % T HARMCHTED, ODNVONPERIREREDO - DIZSME NG
MEHRIR T 5 E TOMATIRO FTREE 2 B E L CIETIRREL U HEREZ % <
BEER Lo etEe, BRI LV BFNRICEENECTAEE D 5, L
L. ot 3~6 0 (4R 5~8 i) LARTICHRA 2%k 5 Z LITWRETH
Lot B OBZEO SR 28T T SR OERRERNE TIIdH 5
D ZAVE CHEIR W1 O BERR IR FE & SE R B & O BB 2 Mt L 729l 7s
<, ¥EREEREFTLORELZHRT 2 ETCORMBIMETHL EE XD,

NCCs HkZE D RKE . ¥l CHDs R OER L EMBEAE DO A =X
LRV RATIXETLERMIALZ ENZ N2, 5% B in vitro study < [A] &
AR — MIRIZEDEARN—RIC L O EZENRLIVLERND D,

3) BEB OIEIRI o> TR R R & B Dt BB O MRES

IERM O BERIB IR OB O BEO FREME L L CUEEMICBERE L TORY
~OERRIFMBHET F . 2000 FAR2 S ELIRATH 5 VI O BERE M 72 & H
AV DR EL L TONEY LA —REBINE OERR SN TN D,
Hollingsworth (2008) I~V ADERIZ LD | ERRITIEN T A F LS
AL LT, Bafr7et—F —#loO%RIESNM - DNA X F /b z el S
50, ERERPSWEERGEIT, B FREL A AERIES TSI, Kk
WOMBERBELZNETHZ L THABZRORET LALX—EERY X7 &1
MEEDHZEETREL TWND, IEEDOHIIE T, IR O LERE RN /NET
LILX—EB A2 HIMEY 5 (Veeranki SP et a.l, 2015; Zetstra-van der
Woude PA et al., 2014; Whitrow M et al., 2009). & 5 W IHEEIRO 511
72uy (Yang L et al., 2015; Martinussen MP et al., 2012; Roy A et al., 2018;

45



Magdelijns FJ et al., 2011; Vereen S et al., 2018) &, fERIT—HETII2
W (ER 1), ZOFHBE LT, BT OIEAMIEN M ORERRRE 2R &7
ICHEMBE IR E L L LT 2 IR EFEN oo R O fill | kF 53 [ O SERR R RE R
BARFZHNC X DM RTEMED 2R BRI A2 LT TSR E & DR
AAER W EIFIE Y 2 78T 5 HARORBEERORFTT O+ SR 8%
FIFTWD (BT 5, 2016), AEURATFR K O W O REBL~ 0 Il B o He
I OICHERT 701, DO REFITHT 5 TR ORL LT I
W HAERSORMERZMRIET 52 S bR OME L HBERBFNLETH D,
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First author, year,

No. of sample

. Design or Exposure Results
Region
cases/controls
Veeranki SP,et al. Cohort (R) | 104,428 filling folic acid— Asthma diagnosis in children at age 4.5-6 years
2015 containing Adjusted OR (95%CI)
USA prescriptions during first trimester only: 1.2 (1.1-1.3)
pregnancy after first trimester: 1.0 (1.0-1.1)
no folic acid in first trimester and beyond: 1.2 (1.2-1.3)
prescription
(reference)
first trimester only
after first trimester
first trimester and
beyond.
Yang L, et al. CC (H) 150 cases /212 | folic acid Asthma
2015 controls supplementation for All: 0.72 (0.37-1.39)
China mother during high—dose supplementation (>72,000 pg/day)
pregnancy 3.16 (1.15-8.71)
low—dose supplementation (<36,000 ug-d; OR=0.36, 95% CI
=0.17-0.77).
Zetstra—van der Cohort 913 high—dose folic acid Asthma
Woude PA, et al. (5mg) during 1.14 (95%CI: 1.04-1.30)
2014 pregnancy (compared
Netherlands with children who
were not exposed to
this high dose)
Martinussen MP, et al | Cohort (P) | 1499 folic acid Asthma at 6 years
2012 supplementation in month before conception 0.95 (0.68-1.32)
US.A pregnancy first trimester 1.23 (0.73-2.07)
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First author, year,

No. of sample

48

. Design or Exposure Results
Region
cases/controls
Whitrow M, et al Cohort (P) | 557 Maternal folate intake | Asthma at 3.5 Years
2009 from diet and Prepregnancy
Australian supplements was supplement: 1.22 (0.70-2.15)
assessed by food Early pregnancy
frequency Diet (100 pg /day): 1.09 (0.78-1.51)
questionnaire in early Supplement, mg/day: 0.92 (0.79-1.08)
(<16 weeks) and late Late pregnancy
(30-34 weeks) Diet (100 pg /day): 1.03 (0.66-1.60)
pregnancy. Supplement, mg/day: 1.26 (1.09-1.47)
Roy A, et al. Cohort (P) | 875 maternal 2nd maternal 2nd trimester plasma folate levels (ng/ml) as a
2018 trimester plasma continuous measure; expressed as 10 ng/ml increment
USA folate levels (ng/ml) Adjusted OR (95%CI)
Current wheeze in the 3rd year of life
0.97 (0.84-1.12)
Magdelijns FJ, et al Cohort 2834 folic acid at age 6 to 7 years in a dose—dependent manner
2011 supplementation and P for trend=0.05)
Dutch higher intracellular
folic acid (ICF) levels
during pregnancy.
[EXR
First author, year, . No. of sample
Region Design or Exposure Results
cases/controls
Vereen S, et al. Cohort (R) | 676 maternal 2nd maternal 2nd trimester plasma folate levels (ng/ml)
2018 trimester plasma (Quartile)
USA folate levels Adjusted OR (95%CI)

Q2: 1.17 (0.68-2.00)
Q3: 0.74 (0.42-1.31)
Q4: 0.73 (0.40-1.31)




ThE—H K E %

First author, year,

No. of sample

. Design or Exposure Results
Region
cases/controls
Roy A, et al. Cohort (P) | 875 maternal 2nd maternal 2nd trimester plasma folate levels (ng/ml) as a
2018 trimester plasma continuous measure; expressed as 10 ng/ml increment
USA folate levels (ng/ml) Adjusted OR (95%CI)

Atopic dermatitis at age 3 years
1.04 (0.92-1.19)

CI, confidence interval; OR, odds ratio.

Cohort (P), prospective cohort study; Cohort (R): retrospective cohort study; CC (H) , hospital based case—control study
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4) KRWFTE ORI L 5 Fr

AWFFE D58 AL, 5 1 ITHAE 3R — MIFZEIZ X o Tl O LR ) 0 3
MIREZFHMh L7722 & Th D, AT O 2 < 1T UR W 0 R IR I O FEAf 12
EREY 7Y A NEREEHL TWD R, AL Tl SRBERR O ER O
WEZMT A7-OICMEERBEEZIE Lz, S 52, RIS ORI
ME 2R — MIETH LTI B RER LITIRYIORERIERE & OE %
FHMS S ETRKER T L 720 O DURIRGIE OWLEE | AR, IREE e & O ATEER
FEBERICEAT 2V a—AN"A T 22EAT 5 LR TETVD, & 2 ITK
eI, dBERN D 7 U =y 7 | ERmARRERE. BIBEFRE. KPR 7
E DRk A2 BRERHF O HERKICZZ L TCWDIEmNSM LIl & Th D,
Z DT O ACHFIE O — XY e il hs O TR R & e RE G & OB %2 7l 5
ZEnA[gE L 72 o7~ (Hanaoka T et al., 2018),

— T ARMERIZIZ 4 SOFADB D D, FH 1 ISHAE O % R FH#R I,
HPERE R 2> b O EFRIG W2 T <, HER 1 FL& 2 FORE A~ AR
BT & HPEMRE O BFELARRIZH B L7z e REFIZO W ToFE#R%
iz, DT, BFEHZIZHB LI e REFIGFHRIT, ERGLEIC XD EFD
WA R TE TCWRWNWZ &b e REE OFESE ORBAIZER S FHN
AU EERH S5, LavL, BREFE L TiEiEd —#&HI7Z CHDs (I
EBRBB TIERZE SN NI ENRZ N, 20X RIS EIToT, B2
AR I R IMAT OB FERFH LB EETICH O ToHmIE LT Ay T
HEMBEELZRE LTI L TH D ARNER L~V &2 5 2 FREE I I G
HERRIR B & AR MERIEMRIREE DN B D, — XA AR M BRBEFR IR L 1 X R WM O AN
WEMRIRE 2R T DHEIE TH 2 —J7 M5 E R IR BT IR O RN BERR IR B O
Rt L S, WEMOBYMEROLELZ T 5, L L, JRIMERIERER FEH
FENT LY E R B AE & el L CRIEDREHETH U B RO PRfd =B o
WA TG EREE AR ET 5, £7o, REBOE I A TITFIE M
DOBLENS MIEEMBEENFEH IND Z 20N ANE THIRNERIRD
OFHME U CIIEERBEZEH L7z, & 510, RS TIXmEHRIUL, &
N DR R R K L 72 A EO T DICRFRELIEET 5 DI
K#tCTd -7, Prinz-Langenohl R & (1999) [FIERETE B o i 5 5 i
EOHR 2R L, R A EREOBFM CIREIZEY — 27 &0 | £ 8 FF[H
i CEIATOREICRER LS Z L Z2HE L TWDH, L L, RO M X
AR OERBEFEERESED LV BENIIT > TE Y EHEETHTE M
FTEPRERICEEEZRTT 3ol E 25, & 3 OO H L
LT, RFEITH 2 TADOIEmZERG L Lo KREEDO 2R — MIETH S
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N, G RBEEHCMIEERBE DKL _XAVEND RN L TH D, TR
ATOEMBRUCHEED TEHIHERH 2 —pEHOIEEARA X T 128 5
$EPE X 1.6 (14 10,000 %f) (Hanaoka T et al., 2018) TH V. —/HFHE
AT S 10 4L E#ERT 51201 62,500 4L EOEMMBAMLETHD, L
2L, ARBFZECIXIER 12 BUBRICHA L2 E2RNHRE LTS Z & T, T
22 AL A 3G e LIz VT Vv I AEBEE=4 ) v T
2 —HARIIOERBEHEREMO M AER— ML EADOETHRFT S
T ET ONEOLEREERARNE LY ZANICRFT I ENTED L
ExD, T, ARIEREE L REE L OB A BRI DX, RFZEO Xt
BHEICBT D MIEEREEOKL WL 0.7% P Tho7-, LL, ML
TRIERR IR S 3@ E DREZESCHBOMREZEOBREE A ICIEZY LA
728 o 03 [E Ot B 7 AR il A 2 ME 0T i D BEBR YR JE O /3 AT IS B9 B A 13D
RN, EDT K2 JT N O Ul OIE R O ZE R R FE oy AN A o L 7o AR b
FEIE A B OERBRIEEICH T - XEE2T 5 ETHLEERLBHERCTH
Do

WMFEDFH D% L LT, RBFZETIZEIE LR - 72K, f 2 1 Z IR
ORI FRCAL T E ~ DR . KEIG%. % U TAEIR W) D RS IE fE fR 72
EOWBNERBEERAEICES LW EARELELS D,

¥ =2\
4. =l

AT TIZREBL O AL R O Mg BEMe i B & AR 0 e REF Bl L o
MICHEBEZRBEEITREO b2 o7-, L L, bBREBWTREE AR —
WFFEIZ KV IRIRAI I DO BEfE L~ L 2 I E U a5 B TR O BEfE & Je K BLH 38
BV R7 EOBEEZRF LR LTEELRDDILEEZD,

DORENIRIZITEIR TR L O IERY 7 U A v MERERMEL &
IRFIRBERE O LMD BENO OERBRE LHEREMZ THL L . S HIZ
EANE &l L C NTDs @ RigE 72382\ > Ty, NTDs TRid 7
D DOERRIBI A LT 5 72126 NTDs LA D 56 KB4 & ERRE IR
DR R — MR EFIH LR AT v Rr—Rx a2 bu — LiffEse
r— A aR— MR ST X o TR MG BERIEE  ERAHER T2
BRBEEKN S ERET L OBRELZHREF L, BEBERKICKX DB REERIET
Bilcmid 7o ey U AZRR L TV MERNH 5,

51



i

a2 2oy | TBRE L+ OREEICET 2 AbEEI 7t ) IS
L TV ERRIZ D X DR L B £, 2 ez D 512
2D ML THRE T E Wil & £ L ki E RS BR B FER AT 2T
HEv XM WA, RARARF AR, =T b0 SRR,
OV - R R Al . /AR B R, AASREEER, TREL T80
fEREIC B 2 ALHEEATIE ) DA X v 7 OEER, SRR IE RO ST ICEEH
THREIE WL E E L AbiEE R R E E M o F — R
= EfERR SUERIC ZHRE TS 2 Wic 72 & £ L o Akl Kok B4, &
Bt LR IR B R 5 PE s N} o e 142 DA RITHE Z0d% . ALWR R B} R 2t fr A FHES 55
W GHERT . BT R R 5 i N R T — e . B IR R 2 IR 22 P A N Y
AR ABREEAT, G B X MUERICB W T TIRE I E AW
& F L7z bl R R R A JE e fh 2 12 20 45 B 28 2R Al A2 A 20 TP A =
SHERSE, e 2 Rp- B, BB FEEE 2 XA TSN E LT AR
WAEFAEOHER OEK, FHME OB, KRIH LK 081 EFHEH
£, IR - fERE - SREMTIERT O MM ML EAEIE BICTR G L L
FET,

REICHEY ZTEE IS WEZ & E LcdbipE KRR P H T
N R R SIEEE o Ce Y €A B NSV NE S A VSIS S & B VSRS o LN
RIS M A EHER) T L CALEE R KRB R A R bt = R 5200 B
NIRRT ENEBE AR IO XD RS AL L R £,

AT IEAETE & X A TS IV RIBITE#H T2 LET,

ARTFIE O — 1A IR R BB & H26-BHE— il 002, SCHIEHES

BHERF I3 5oy A 16H02645, SUHEHF B2 ISR 28 B C 24593373 D)
BEZFT-bDTh D,

4 AH I

PR XS HEAHPOREEIZH Y T A,
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