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= A gakm vER BpE 2EAE o]fsle] HEeUoR zuEs)
A= ole} e AdHEs A
THF (tetrahydrofolate) Z5-E methyl 7]S Wi, HEY BpE: HEXaL=E

2 I HEAAHCQO] 5-methyl

©]-&3}lo] methionine synthaseol| ¢]3l methionine &2 ¥ & HAO=Z, o&
MIR wkgo]z} 3dlt}. o]u] 5-methyl THFE 5,10-methylene THF = Y-
MTHFR(methylenetetra hydrofolate reductase)el] 93] A% w , MTHFR+=
A WA Ape]Fol A FA A7 sE 7MW A4S ol &sto] ST EAIAHS
= AMgstE FEdn. SEAZHY AddstE AdE HHedS gl
oAM= oF & dudsr2, WELYE methionine adenosyltransferase(MAT)
of o] wuid A R AXE ZE Fo AR APl <
S-adenosy! methionine(SAM) S 2 Z3FHt}h(Lucock 2000). %3k wWE QWL
AR Eel FEFe mA g ded ole SAMe] AEwY Vs A 3
FAol7] wWoltk., 1y e dMEedS % FU2HEYN 84 &
TFra FTAA Hol ESo RE FFS T, A
do] dojup= Al7]o]7] Wil Hjofol Al 71X = F&o] L

AL&HAH(William 5 2006). =4 dWE 2do] pyridoxal-5-phosphates

2

ZaAhs 5o A2HUAOZE trans-suluration ¥+ AR, HET B
O~

SEAZHRISY 5 WA UlA} FZ2Q 8 do] HbgFo HQ3sk Jgio|rt.
= o] AE= vy od JYAH 2 A2HQ FAdo] Bash dEdA &
43t W= A==, cystathionine- g-synthasedol] &3] A|ZBlE|2& &

AeteE mreo 7 PLPEHEl o HEMY BE a4 E 3H(Perry 1999; Selhub

_10_
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il A _TH - \ Silil;l)
{DIIFR ; TR
Formyl ~. - SH MT
( B12 HCY
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. 10-Me1’hyleneTHF - l
Ry / f\ CBS ATP
oy MTHFR Ty o
Methenyl @ UIVIP ATMP. FAD F_,, Cysta‘:'h |onI|{nT)
THE e
o ("‘a CyL
MTIIFD BE * ~» o-ketobutyrate + NH,*
T Glutathion Peptides
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Figure 1. Homocysteine metabolism

A. Biochemistry of folate and homocysteine pathways of folate and

homocysteine metabolism. B. Chemical
the remethylation of homocysteine at
methionine and folate cycle. from:

-1

Tetrahydrofolate

formulae of the key reaction,

the

=

o

Thierry Forges

interface between

(2007)



1999) (Figure 1).

Jeb 2ol 84 SRA2EHY sEE 1 AAY AME, HEUoR A
g, Al2HA B9-1S Artetes SRA2HRIY FH3 288

A AA-EG(William 5 2006). g Figure 19 tA} H 2o A o= gt
FEelgte A Vlee Fed Addsiyl AdEAY ESdd

o
o

trans-suluration® @ T EA| X~ Qlo] F2 HAolw oyt AuE
Ak 4k wWlERY B12 Ay oewr WA 4 glon, EgASH

trans-suluration cystathionine- g-synthased %1% wWe|u BIEFRI B6

Agow WA oo} o] F TRAXHQ S FFL WAL &
de  FEAxH WA ARE AdsE  f44 299

MTHFR(methylenetetrahydrofolate reductase)t cystathionine - g-synth
ased®] EAWole} dYdA Q<A HIEFY Bs, HIEFY By, GAF 59 A

B B olEe] ZAzAgeleta wad #F dtk(Power & 1999 Kang &

SRA IS Awidst 2 3 dolwk-g-3 HEIYIBs, WEFY
Bio, §Abe] WIAbA d@gom olE wetdl A% T EA
2~HQ %9 &9 AHBAHS Heom(Johan 5 1993; Verhoef 5 1996),

Lussier-Cacan 5(1996)2 HE}YIBs, HIEFY By $34F] A SAH S kst

NE
e
ofy
off
!
rlr

4 9= biomaker= FH T RA|AHC =r =4

o

2

>

ol

A%

N L

%
TRA 2O A} Fol R % mFRA|AHNE =S FaAslo] 98
S 7FA1 A (Selhub  1999), -s9WAsAd s HA3(Williems & 2002;

Austin 5 2004)¥ <Al a+d

o|\

(Vollset & 2000) ¥ FTF3AA(Ueland &
2001) 3 22 oy 7HA d3E9 HH€AR APJMAE AT HEAAHRJIEF
o 1ol AAEHI k. o] AHYH SEAIAHJAY oy HSS doy|=
71732 A A WA A= oy AP 2AES 898t e 2

o}

)
0,

_12_



N
N

& A d
S frdete 2o vEbRth(Podder T 2001). =4 dAEGA
shuQl AStEAN0) S AESHA o]& TheAde et (Zhang T
2000). AA LS RAIZHQIEFTo] Wylef THAFENA AL BAk
A o] Qr}h. o]= SOD(Superoxide dismutase)®} glutathione peroxidase<}
st A E A AANEES kgt (eiss 2005). WA W
AP Ao PdzxAd F24F o] #2350 UPR(unfolded protein
response)®] st E gk AE ALY F7Fo]tH(Zhang & 2001). 7]

of G AW FAA QA BEA2EAe] e ooz ABsHE A

r

A TRAZHJS A5S F2A7]s AolEdk] 2de <
=
S

of

(Reik & 2001).

g% IEAAHS FTEE AS5A]7]E MTHFR(methylenetetrahydrofolate

AzEQl SEel FAbsldem, E® A4 J%el % W (Perna B
2004), Ad, Tt L A ge Al FHE SEE HY HAT 1)
2~

(Jacques & 2001), &= AHA7N &5 5(Vollset & 1997) 5 T A

TH(Refsum 5 2006; Nurk & 2004).

_13_



A 713E Foll= TRAZHSQD Akl A1 HIERR Bs, datk 3]
<

L Zron Bt SEAAEHC = EI H A

o

["O

of vla] Astetriar LA drk(Walker 5 1999). Kang 5(1986)&
ol 4% TEAZHQ w7t 7MY A RT A dEE AS B
SR o | Andersson & (1992)2 Al 7|3 T SEAIAHRQ FEe] Wl
AL A 1/3 Z71el W7 AlErekel Al 2 /3 271l Hshol =edttta
sk, Walker 5 (1999)°] Aol Aol TRAZHS Fk
o)Al 1/3%7]9l 5.6umol/L, UAl 2/3%-7]°] 4.3mmol/L, YAl 3/3%7]
5.5mmol /L2, 7t Ad el T RAI2~HQ F% 7.9umol/L Bt} fo8 o=z o
okth. - uel Lee 5(2003)9] Aol ME dxlek o442 8.2£3. lumol /L
2, 7td9g e ERAZEHR 5 12.546.3umol /Lol H]3] <F 35% = 7

fT

A4l F oleldt FEEAIZHQ vE At 1 Aol HEF] WA A
FRort, AW Thedk Ao mE AA, wolo] A wdel] 289
B FAS Al sEAZHRlo] WEedor Hitst= AwdEste] St
5}7] wjiEo]th( Andersson & 1992 ). =4, AAIF-o WEH] 7|59 W=
AR Al I T A Tkt 22 dA] &% WAORE QL
hemodilution®] Lojupar PAl 30~34F0] TRA|AHC FE7F HA ] o=
w, g9 Mo Qg &FR FE = 70~80% 4H-T¥} AjtE o
2 o]o] HTh( Murphy 5 2002). A&, Ao
&9 F7H Powers S 2000)E & T U

A, Jal 7)7F For | AERAY Z2AAEHEY] Tyl Srhsked o

23t T2 WHIle dF SEAZHSY FEE AAAZIYMijatovic &

LR
B>

= S RAZEHS] 5= 7

R
fo
o
>
N
=
2
o
>
>
-
2
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Lo ¥ A4 E A

G2 Rt ojx7 B wtar(Boers

%5
wel 7 Aol © ukow] (Hak

2001).

1983),

=
[e)

T =
O -1

el

|

E

1

SERA~

2000),

=
[e)

1999) .

TE& YW (Tallova &

12!

E

Al 2~

A

214 Slth(Vollset

4§{} =4

v}k
=

Y15 (clubfoot )

A= Q1 AR 7}

oy
ol

To-

B

T

2000) .

=1
[

ol
=

i

2

&1 7ol A
wel A4}

?_]__

ofAlo} o Aol

intrauterine growth retardation)

i)
=1

(2005) 2]

2004). Lindblad %

==
o

t}(Brauer

S
=

Azl A% A1 (TUGR:

-
<
oR
)
m

i)

mjn

)

i)

= B
= 1

A Aol AF ol

}

N

g7l o
}93 T} (Selhub

S

&

A g

;|

[e;

=
5

v, 2

efoll wel =¥ =

&

%

3

Ab, W] EFYIB;, 9]

=
]

o} o
HIEFT] B9}

_&O

A 2H el

<

’

ol
H

o
T

5 (1996)
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1993).
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Hadtt(Walker 5 1999). v JAF=& g 3 vER B o
GOl A3 AFsolM Ao dAlF-so] JAkd HEwl By FEAH
BEl Aew et v A9 dANSo] AFor AAT o
ZF2  Ahn 5(2000) 241pg/day, Lee 5(2001) 120uxg/day, Lee(2005)
275.9ug/day, Park -5(2006) 352.3ug/day = AFS HOE Hilxo, g
Al FLHdF 7= (KDRIs, Dietary Refence Intakes for Koreans 2005)¢] <
A A FHFF 600ug/dayell v F-=3E AEHYS &+ AAH.
Ahn 5(2000)¢] QAR5 tidow g AelA HIER Beo] dd AT
& 1.95mg o2 eyt dAF AGFe] 88.6%E HFst o, EA Y

g3 HET By wEE ol7le A AT, A AT B olxut HE S
QS ATt BuEFk. I Gris (2001)= W EFTIBS JAF AU
A AR W Aol =S Fol oAl 27 F3HY S 9E A
Thal 3F3ith. Ronnenberg 5(2002)= = ool thak Aol A HEFT B
b Ak FF BEAY AFE EF e Bt dite wRE el
g% TEANZER] sk Sopslon, SRAAHCQ §X7H2. dmol /L ©]
F A 2Ake] 1ol Eekxlen, EF HER By 9 HIEY By 0l
Fo g dAN= 2AEl 47 60%, 50% sk thal Hoalsk3

o
HIEFFIBp o A2 Adi Aol WdS dor|y o= A4# Aste] o
Qle] w7]% gth(Thame 5 1998). U2lF-o] HIEFRIBLO FXE+ H

g Hjo} Ao olF, Y TUF, TEFLO FFoE HEW Bp9
Lol Frhste], Bl oAl ms FelAHom yolxnk(Cikot
2001). Guerra-shinohara (2002)¢] <AF-ollA EAe] dZF HIEFT Bpot
SRAI2EHY FFE2 Efole] HIERN Bpét ERA|AEHQIS FEed Y

JuRe wolvl, ANAL HEn By, AAT G4, BF Gue] FEE
mAe] wE By AWT A4, @F A FEn Fdoh =3 e
Bool 2We 8% & TRALHQ BEo] wgse] AAFor 24 F7}
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i, &89 ZoR Hole AR AYeidth. FEE 92 4 A7kA
g3l ol Hof -70T] A2 WYEid Byttt

o Al F dY W AEEEN FuEARS I8V 5FE dEstd
A eEelt. 83 Zd2dU sy G E 2 Biuret method o 93] A5 A
sk} #2A17] ADVIA 1650(Baver, Japan)& AR&3te]l #Asta, 459, F=
EH2 BCG(Brom Cresol Green) F3% ZF4Heol <& ADVIA 1650
Analyzer(Bayer, USA)S ©]§3lo] #43k3lt.

CEL R

D 83 TEANEHSYD 24

g4 S EA~HS FXE ADVIA Centaur QC Program (3#417H] ADVIA
Centaur)oll 2Jsfe] EA43F3 ). %42 BIO-RAD Liqudcheck HCY control®
#Helx 2 8= Levey-jenning chart £2SD ojth, A4 Azl EedH
g4 20uL= Cuvetteo] ¥53Ft}. Reducing Al SF 50uLsS E53FaL 37°C ol A
3%-7F vttt . Enzyme Al9F 50uLE #F35kal 37ColA 28 30x3F vj st
T}, Solid PhaseAl9f 250uLE ¥l 37ColA 24 30&7t wldtct. Lite A
ok 100uLE Wil 37ColA 2% 30&3F wigett. 3ol o 2 HE Solid

Phases} Zgst#] @42 Aleka Fdste] 2d § AHE. Acid AlFt

—

(S et

==

RLU(Relative Light Units)SXel] wa} Axr 2k=FH). 7 Ale] AL &3 +=
-
h=]

AA T Type 1 waterE ARESHT). o]9} 2 ®WFH L2 Bound Homocysteine

£ free Homocysteine® W} il free HCY+= S-adenosyl-L-homocysteine

mﬁ

(SA) o = w3}, W3ty SAHE paramagnetic particle YAFeF &7
5ol solid phaseo] dFgEo] Z=A8HA HaL, Lite Reagentobo]:=



Anti-SAH”} acridinium estero] b o] gttt A5+ gAY HAA
Qroll SAH7F EAETH Fd-3A Aol Aoyl il acridimium ester
7b o Abstdm kel dle] g HlHstER O S SA-se
CLIA(Chemiluminometer immunoassay) 3}8F W& 3ol & o] &35S

o

2) 8% vlEdl B £4

g4 v el By v % EAIMPH S Bio-rad QC Program ©. % Radioenzymetic
Assay(REA), Plasma + Enzyme + 3H-L-Tyrosine -—> 3H-Tyramine activity
ZHst= Ay E o] 83y, A AH]= B-Counter 2500 TR o], 3%
Mo Kit AA| W Cintrol I, II (A ZA}: Buhlmann)eo]x, #8= % 389
+ Levey-jenning chart+2SD ojt}. ¥ da= HA Ay Aoz 2
A AAE X 2002 A st AFEgth(Plasma 50ul @ Incubation

buffer 950ul. = 1 : 20). A& A BRE A¢kS AL AdA A7 Fi1 AL

il

S
il

d (

Aol 7VHA &5 v, NSB, Std.(A~E), Control(I,II), Sample tubeZ
duplicated}o] numbering 3Ft}. NSB tubeol] incubation buffer 50uLE H#5
3t}.  Numberingdt  tubeo] Prediluted Std.(A~E), Control(I,I1),
Prediluted Sampleg Z+Z} 25ul® E3kt}. NSBE #|9]3F EE  tubeol
incubation buffers 256ul¥® #F3thk. EE  tubeol] decarboxylase
solutions 50ulL® +53Fal, Vortex ¥ 37C Water batholA] 30 &<t
kA ZIth, B E tubeo] 3H-tyrosineE 50ul® &5 3 Vortex & 37T
Water bathollA] 1A]ZF Wk-S-AIZIty, EE tubeo] Borate buffer 200ul<}

Scintillation cocktail 1.5mLE #F3%+t}. Z+2Fe] tubeE 10%2 Vortex,

AH3s] F=35t7] 9@l 37C Water batholl Al 2A13F &t wj%Fste], Z}7}+e]
tubeE 524 T}A] vortexdted] B-counterolA] 2% Fot ZF vialS =A3
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.

3) 3 Hlel¥l By &} folate 4

g7 HIER B H
spsl W wggel d@l® ADVIA Centaur QC Program (3-417H] ADVIA
Centaur)& ©]-&3l] AT, A5 did=te] HA W] HET B
Lite ReagentWl®] acridinium ester’} b ¥ HE}Yl Bpet AAA o=
Solid PhaseW] 2] paramagnetic paticled} & Z%H @A) ZAgsls st

t}. ADVIA Centaur H]EFY By, assay® Releasing agent®t DIT+= Ao W

il
2

A 4258 CLIA (Chemiluminometer immunoasaay)
=

dA o w HIEW Bpo A3d dMES AAs=dH AFEEH. ol HA
el Exets Gake] Fak Edu = HRLUs) O & Atelol= 959 A

7 EAste dEloltk. HERY Bpo] # W& Calibrator C Low Calibrator,
Calibrator C High Calibrator, Ligand Plus 1,2,3 Control ©]aL Xle] 3%
WO Folate Low Calibrator, Folate High Calibrator, Ligand Plus 1,2,3
o7 HEY B GAke Ay xE ¥ FE&WH Y= Levey-jenning chart £2SD
olty. AAF W2 Control B HAE Z+2He] tubel &F3Fo] Rackell 2=t
Shal, AleF W AW E(cuvette, tip), D.W. Wast To] HHAH A=A &
ol % Start HES FEv}. T3/T4/VB12 Ancillary Reagent 100ul =
ancillary reagent probeE A& gkt}d. Cuvetteo] FA 100ul 2 53+ 3
DTT/Releasing Agent 115ul®-& &5 &tt. Solid Phase 200ulE <53}
37CA Al 5.0%F vlFSt}k.  Lite Reagent 200ulE &5-3o] 37CAlAl 2.5

Zb a]kettt.  Acid Reagent 9} Base ReagentE Z}Z} 300ul® ¥53}o] 3}st

BB FEIT

il
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6. A AT

B Ao dojx BE 27 E SPSS program(version 14.0)S o] 83} o]

ek
ofN
rET

2ko] Bl Paired t-test® AASIT. AA17|7be] WE A2 E71E 2
o] B JIFRFAHA, H ZEAZHR %, 5 HEN Bs, HIE
B, B A &, BE dAlFe ddFgEty 54, AT 2 A4
o mE A SRALHQ FF9 Aol EAHEA] (one way—-ANOVA) 9] 3
AA =

7)
o] xpole} HWIEFR] Bs, HIEFH] B, A, R ADISEA|AHIAIEST S
#HA & Chi-square testE& AAlst] FolAdS ASTsReH, 83 35

HQl sx9 dF HET By, BIEFW By, A4t s=oo AdwA, 4%
HIEFRL Bg, BIEFR] Bip, GAFS] 2lo] 9l ISR ZA AdF e A=

Pearson's correlation coefficient analysis® 3Tk, A Ho FJANAJH

lo,

2 AT GA] dA 7)ol o)) HH Al S s 4 orm=z QA
T2 vk Q9 (covariete) 02 A ste] A E Zk(adjusted value) S =
15 %ol HlalE 3PS} Analysis of Covarience o st HAA L

o}
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REE

Table 13} Table 29} #t}.

7 BMI(body mass index)

]

Ayx

[e]
15-9] 116.2+10.3mmig ®.t}

L

ol X
=

DR

%S
7] Fere 123.4+12. 2mnHg= THE)

20.9~21.0 =

-

T

i

i 35%%E

=]

8

)
A

g‘l

 12.0g/d1= WHO

o

=]

b2

] 33% Ht} 3

)

71

fviel

7
=/

-
<

oH

s

!

il

]

ol

3|

S

el ¢

R
o

=
=

=9 2~

3|

8

4

15 261.7£60. 1Img/d1 o2 HEHI A F7}F £

Q1PN
| BN

21.1%7} M@ Fo 2 el tH(Table 3).

A H 231.5+56.5mg/dl, *3E)

1

T

e
[ ..#O

e
o}

¢ 41

FEE 6.240.4g/dl 2 FEIYAIR2] 6.5+0.6g/dl Bl folHom v

Ak

A

52 A tH(p<0.05).

9]

FU2HE F57F 13271 v

Fwoh ok

ka7 (p<0.001),

H

-

.

N

JJ
il

p—

)A

—

0

~

P»O

1
Ho

™

i

U]jq,

3.6+0.3g/dl, 2.6£0.3g/dl &= GEj

1=}
e

ol
=

o} (p<0.05).

15 3.9£0.3g/dl, 2.7£0.3g/dl Xt}

h s

ol X
=
- 924 -



Froldom v SAHATHP<0.001,P<0.01).
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Table 1. Age and Anthropometric Characteristics of Subjects

Singleton/Twin pregnancy

Al1(n=78/98)  1st(n=30/39) 2nd(n=29/31)

3rd(n=19/28)

s? 31.6+ 2.9V  30.8+ 2.9 31.6+ 3.2
T 32.0+ 2.8 35.4+ 22.0  32.0% 3.1

Age  (yrs)

. S 161.8+ 4.5 162.0+ 4.5 162.4+ 3.8
Height  (cm)
T 161.0+ 4.7 161.6+ 4.8 160.5+ 4.9

S 54.9+ 6.3 54.1+ 4.6 54.7%f 6.1
Pre-pregnancy

Weight (ke) T 545+ 8.6  55.94 10.8 53.1+ 6.8

Pre-pregnancy S 20.9+ 2.3 20.5+ 1.9 20.9+ 2.4
2

BMI (kg/m™) T 210+ 3.3 216+ 4.2  20.7+ 2.6

32.4+ 2.2
32.0% 3.0

161.5%t 5.0
161.3%£ 4.2

55.9+ 8.1
53.7t 6.6

21.4%+ 2.5
20.7 2.5

1) Values are mean+SD, 2) S: Singleton pregnancy T: Twin pregnancy,
3) BP: Blood pressure
4) 1st @ First trimester (gestational age ~12wk)

2nd @ Second trimester(gestational age 12~28wk)

3rd : Third trimester (gestational age 28~Delivery)
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Table 2.

Hematological Characteristics of Subjects

Singleton/Twin pregnancy

Al1(n=78/98)

1st(n=30/39) 2nd(n=29/31)

3rd(n=19/28)

116.4+ 10.5™ 114.1+ 9.9 118.3+ 10.0 119.0+ 11.8
: 3)
Systolic BP” (mmHg) 123.0+ 12.3  122.0+ 10.7 123.3+ 13.5 123.9+ 14.2
72.2+ 14.3  68.5+ 9.4 73.9%+ 85 71.2+ 9.5
Diastolic BP (mmHg) 75.24+ 10.8  74.7+ 9.0  75.1% 10.1 75.7+ 13.0
. 12.0+ 1.0 12.3+ 0.9 11.9+ 0.8 11.9+ 1.3
Hemoglobin
(g/d1) 12.1+ 1.2 1224 1.0 12.1+ 1.4 12.0+ 1.3
Hematocrit (%) 35.0+ 3.0 35.9+ 2.8 34.5% 2.4 34.4+ 3.6
35.0+ 3.3  35.2+ 2.9 35.0% 3.9 34.7% 3.6
Cholesterol (mg/dl) 231.5+ 56.5" 202.5+ 60.3% 250.5+ 48.4" 246.3+ 48.0
261.7+ 60.1 248.7+ 58.6 272.9+ 58.8 264.7+ 63.5
Total protein S 6.5+ 0.6™  6.9% 0.6° 6.4+ 0.4° 6.4+ 0.4°
(g/dl) T 6.2+ 0.4 6.3+ 0.4 6.2+ 0.5 6.2+ 0.4
Albumin S 3.9+ 0.3 4.1+ 0.4 3.8+ 0.2° 3.8+ 0.2°
(g/dD) T 3.6+ 0.3 3.7+ 0.2 3.6+ 0.3 6%+ 0.2
2.7+ 0.3 2.8+ 0.3 2.7+ 0.2 2.6+ 0.2
Globulin (g/dl)
T 2.6+ 0.3 2.6+ 0.2 2.6+ 0.3 2.6+ 0.3

1) Values are mean®+SD, 2) S: Singleton pregnancy T: Twin pregnancy
3) BP: Blood pressure
~12wk)

2nd : Second trimester(gestational age 12~28wk)

4) 1st : First trimester (gestational age

3rd : Third trimester (gestational age 28~Delivery)

EESEET

csignificantly different between singleton pregnancy and twin pregnancy

by ANOVA(p<0.01, 0.001)

a.b different

rsignificantly between 1st, 2nd and 3rd as determined by

Tukey(p<0.05)
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Table 3. Hematological data of subjects

Singleton

1st 2nd 3rd All

normal anemic’ normal anemic’ normal anemic’ normal anemic’

(n=25) (n=3) (n=26)  (n=5H) (n=12) (n=5) (n=63)  (n=13)

Hemoglobin

(g/dl)
Hematocrit

(%)

12.5£0.8 10.8%+0.1 12.2£0.6 10.5+0.1 12.5+0.9 10.3£0.7 12.4%+0.7 10.5%0.5

36.4+2.5 31.3£0.3 35.2%+1.7 30.7£1.8 36.0+2.8 30.5£2.0 35.9%£2.3 30.5%1.5

Twin

1st 2nd 3rd All

normal anemic’ normal anemic’ normal anemic’ normal anemic’

(n=30) (n=7) (n=24) (n=7) (n=22) (n=6) (n=76)  (n=20)

Hemoglobin

(g/dl)
Hematocrit

(%)

12.6+£0.8 10.6+0.5 12.6+x1.0 10.0£0.5 12.6+0.9 10.0+0.6 12.5%£0.9 10.2%+0.5

36.0+2.3 30.8+1.1 36.2+3.4 30.2%£1.3 36.0+2.7 29.9+2.1 35.7x£2.7 30.2+1.5

1) 1st : First trimester (gestational age ~12wk)
2nd : Second trimester(gestational age 12~28wk)
3rd : Third trimester (gestational age 28~Delivery)
T Hemoglobin(g/dl)< 11 and Hematocrit (%)< 33
All data were not significantly different between normal and anemic of subjects

(p<0.05)
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Table 4. Demographic and lifestyle characteristics of subjects

Singleton Twin
Significance
n(%) n(%)
Children number
46(59.0) 69(79.3)
30(38.5) 17(19.5)" P<0.05
2 2(2.6) 1(1.1)
Abortion frequency
0 48(62.3)" 54(62.1)
1 24(31.2) 24(27.6) NS
2 5(6.5) 3(3.4)
3 0(0) 6(6.9)
Morning sickness
yes 65(84.4) 81(93.1) NS
no 12(15.6) 6(6.9)
Education
elementary school 1(1.3) 0(0)
middles~high school 9(11.5) 23(26.4)" P<0.05
university 66(84.6) 64(73.6)
Income
<200 (10000 won/month) 11(14.10) 16(18.39)
200~300 (10000 won/month) 29(37.17) 49(56.32)" P<0.05
>300 (10000 won/month) 35(44.87) 22(25.28)
Smoking
yes 4(5.1) 8(8.4) NS
no 74(94.9) 87(91.6)
Alcohol drinks
yes 4(5.5) 0(0) * P<0.05
no 69(94.5) 84(100)
Caffeine intake
>1 cup coffee/day 39(67.2) 44(72.1) NS
< 1 cup coffee/day 8(13.8) 2(3.3)
never 11(19) 15(24.6)
Vitamin supplements
yes 61(82.4) 78(83.0) NS
no 13(17.6) 16(17.0)
Job
yes 48(64) 27(31.8)""  P<0.001
no 27(36) 58(68.2)
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Exercise

yes 13(17.6) 11(12.6) NS
no 61(82.4) 76(87.4)
Sleeping
8hour more 14(17.9) 0(0) ™ P<0.001
8hour under 64(82.1) 87(100)
1)Number (percentage)
" isignificantly different between singleton pregnancy and twin

pregnancy(P<0.05, P<0.001)
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Table 5. Energy, protein, fat intakes of subjects
All 1st” 2nd 3rd
(n=78/94) (n=30/38) (n=29/28) (n=19/28)
5 1826.84586.2Y 1605.2+657.4  1974.0+429.3  1945.3+567.1
Energy S

(kcal/day) 7

1836.5+576.3 1650.94+639.9%  2049.7+503.1°

1869.2+431.2%

271.6+80.2 245.6+93.9 293.5+53.9 274.9479.8
Carbohydrate
(g/day) T 273.8£88.4 244.7+97.9° 305.0+71.0° 282.8+69.2%
. 1+25. a ab b
Protein 69 5.0 60.1+22.8 73.9422.2 78.9426.9
(g/day) T 72.0£27.1 58.9+29.5 75.8+34.6 72.6+£24.5
69.1+5.0 59.0+23.2° 73.9422 29 79.0+26.9"
Fat
- a b ab
(g/day) T 72.0%27.1 62.0£26.8 81.3+28.8 75.2%20.5
23.0+2 4 a ab b
Cholesterol 323.0£207 250.8+179.4 355.3+£224.8 411.3+198.1
(mg/day) 331.94+211.1 306.4+221.6 330.9+201.1 353.7+201.3
C F S  54.8: 13.9: 31.3 61.2: 15.0: 33.1 55.0: 13.8: 31.2 51.7: 14.8: 33.4

T a®)
ratio (%) T 53.9: 14.2: 31.9 59.3: 14.3: 33.8 54.1: 13.4: 32.4

53.9: 13.8: 32.3

1) Mean*+ SD 2) S :Singleton pregnancy T: Twin pregnancy
3) C: Carbohydrate F: Fat ratio

4) 1st : First trimester (gestational age ~12wk)

P: Protein

2nd : Second trimester(gestational age 12~28wk)

3rd : Third trimester (gestational age 28~Delivery)
a ,b ,ab

differences by Tukey (p<0.05)
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Table 6. Vitamin intake of subjects

All 1st 2nd 3rd
(n=78/94) (n=30/38) (n=29/28) (n=19/28)
— ;
VitaminA S”  885.6%617.2"  (03.24280.2°  1090.1+704.2°  1015.6+718.3"
(ug RE/day)
T 857.5+582.7 643.7+362.3%  1055.8+510.1°  985.9+734.5"
Vitamin E S 14.147.4 11.4+7.1 15.4+8.1 16.145.6
(mg/day)
T 15.348.7 13.749.5 18.047.2 15.648.2
Vitamin C S 135.3+85.6 130.3+69.5 117.5+72.6 160.4+5.6
(mg/day)
T 122.5£103.0 97.9+78.0° 115.2+59.6% 162.8+135.9°
Vitamin Bl g 1.240.2 1.140.5 1.340.4 1.440.5
(mg/day)
T 1.340.5 1.140.5 1.340.4 1.340.4
Vitamin B2 g 1.240.6 1.040.4° 1.440.7" 1.4+0.6°
(mg/day)
T 1.240.4 1.140.5 1.340.4 1.240.3
Vitamin B6 g 1.940.7 1.740.7 2.0£0.7 2.040.8
(mg/day)
T 2.0£0.9 1.7+0.7¢ 2.3+0.9" 2.14£0.7%
Vitamin B1Z2 g 1.941.4 1.841.6 2.0+1.4 1.841.3
(ug/day)
T 2.1£1.5 2.0+1.8 2.1£1.0 2.2+41.6
Niacin S 14.3+5.6 11.945.1° 16.3+5.5° 15.1+5.6%
(mg/day)
T 14.8+7.7 11.7+5.6° 18.54+9.9" 14.9+4.3%
Folate S 243.0+89.3 217.44103.6 259.4479.1 261.6+69.2
(ug/day) T 257.1+123.3 229.34+123.8 295.84+119.9 264.14103.3
1) Mean+ SD 2) S :Singleton pregnancy T: Twin pregnancy
3) 1st : First trimester (gestational age ~12wk)

2nd : Second trimester(gestational age 12~28wk)
3rd : Third trimester (gestational age 28~Delivery)
a b qifferent in the same row represent
differences by Tukey (p<0.05)

letters statistically significant
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Table 7. Mineral intake of subjects

All
(n=78/94)

1st
(n=30/38)

2nd
(n=29/28)

3rd
(n=19/28)

Animal Calcium q2)
(mg/day)

324.0£239.6" 984 74197.2°

T 312.3£204.5 959 .5+202.8%

328.7+227.8%
303.94169.4°

385.9+315.2°
378.9+201.2°

Vegetable Calcium S 304.8+139.8 962 0+126.8" 333.1+153.4%"  352.3+137.2"
(mg/day) T  322.04156.7  281.2+172.8  372.94167.7  347.0+126.9

Animaé I;on : S 3.1+1.8 2.7+1.7% 3.1+1.5% 3.9+2.3"

m;

g/ day T 3.141.9 2.7+£1.7 3.3%2.2 3.3+1.6
10.1+4.1 a b ab

Vegetable Tron  ° 0 8.3£3.7 11.9%4.1 10.7+3.8
(mg/day) T 10.6+4.7 9.1+4.7° 12.7+5.1° 11.243.0%

Jine 8.4%£3.0 7.5+2.5% 8.7+2.6% 9.6+3.8"

(mg/day) T 8.5+3.2 7.2+3.3% 10.1+3.3° 9.0+2.0°
Phosphorus S 1024.0£379.1  868.0+343.3% 1096.3+338.5%° 1189.8+421.5
(mg/day) T  1053.9%373.8 916.3+381.0° 1162.4+365.1° 1134.7+301.6°

1) Mean+ SD 2) S :Singleton pregnancy T: Twin pregnancy

~12wk)
2nd : Second trimester(gestational age 12~28wk)

3) 1st : First trimester (gestational age

3rd : Third trimester (gestational age 28~Delivery)

a b ,ab the

significant differences by Tukey (p<0.05)

:different letters in same

_37_

row

represent

statistically



Zn

Iron

Ca

Folate

Niacin

Vit B12

Vit B6

Vit B2

Vit B1

Vit C

Vit E

Vit A

Protein

Energy
0.00% 50.00% 100.00% 150.00% 200.00%
KDRIs

Figure 2. Distribution of nutrient intakes of subjects

S :Singleton pregnancy T: Twin pregnancy
KDRIs(Dietary Reference Intakes of Koreans)

_38_



Table 8. Iron, vitamin Bs, vitamin Bz, folate intake from dietary and

supplement s
Singleton/Twin
All 1st” 2nd 3rd

(n=78/94) (n=30/38) (n=29/28) (n=19/28)

Iron food intake s” 13.244.77  11.0+4.4° 15.044.5° 14.7+4.1°
(mg/day) T 13.74£5.5  11.2+5.8"  14.946.8" 14.0£4.5"

Iron supplement intake S (n=57) 60.7+31.0 58.5+37.8 73.9+£26.8 70.0£21.6
(mg/day) T (n=57) 68.8+74.6 41.9+£58.3 82.0+£96.2 81.4%52.9

Iron total intake S 44.5+38.8 36.4+38.4 53.4+42.0 53.3%55.2
(mg/day) T 45.4+64.0 33.3+47.7 65.3+85.4 46.3%55.0

Bs food intake S 1.940.7 1.7+0.7 2.0+£0.7 2.0£0.8
(mg/day) T 2.0£0.9 1.74£0.7°  2.3%£0.9"  2.1+0.7%

Bs supplement intake S (n=61) 2.3%£0.6 2.4%0.8 2.2£0.2 2.6%£0.7
(mg/day) T (n=75) 1.8%+1.3 1.6+1.7 1.840.7 2.6%1.1

Bs total intake S 3.0+0.4 2.840.4 3.4+0.1 3.3+0.7
(mg/day) T 2.740.8 2.3+0.4 3.0+0.9 3.240.8

Bi» food intake S 1.9+1.4 1.8+1.6 2.0+1.4 1.8+1.3
(ug/day) T 2.1£1.5 2.0£1.8 2.1£1.0 2.2+1.6

Bi» supplement intake S (n=61) 3.6x1.8 3.7+0.5 3.4%+0.4 4.0%+0.6
(ug/day) T (n=75) 2.8+£2.7 3.5x0.8 1.9+0.4 3.1+0.8

Biz total intake S 3.2x2.6 2.6x2.4 3.9+2.6 2.7x2.7
(ng/day) T 2.7x£2.7 2.3x£3.2 3.1+£2.3 2.413.4
Folate food intake S 243.0+£89.3 217.4+103.6 259.4+79.1 261.6+69.2
(ng/day) T 257.1+123.3 229.3+123.8 295.8+119.9 264.1£103.3
Folate supplement intake S'(n=61) 833.3+524.4 1050.0%£805.1 705.3£329.1 800.0%377.1
(ug/day) T (n=75) 1071.14+513.7 1200.0+545.1 860.1+655.5 1085.7+763.5
Folate total intake S 663.1+576.8 637.4+742.9 721.5+420.7 682.7+502.3
(ug/day) T 704.4+682.8 877.8+763.9 796.4+672.8 779.1+771.4
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1) Meant SD 2) S :Singleton pregnancy T: Twin pregnancy
3) 1st : First trimester (gestational age ~12wk)

2nd : Second trimester(gestational age 12~28wk)

3rd : Third trimester (gestational age 28~Delivery)
abad - qifferent letters in the same row represent statistically significant
differences by Tukey (p<0.05)
;significantly different between singleton pregnancy and twin pregnancy by

ANOVA(p<0.05)
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Table 9. Serum levels of homocysteine and B vitamins concentration

of subjects

Singleton/Twin
Al1(n=59/67) 1st(n=16/22) 2nd(n=26/25) 3rd(n=17/20)

Serum 2) 1) b a ab
S 5.7x1.4 6.5x1.1 5.3%1.2 5.7+1.5

Homocysteine

(zmol /L) T 5.6x1.6 5.6+1.2 4.9+1.3 ° 6.2+1.9°

Plasma
S 85.2+£40.5 103.8%£51.5 83.1%£34.8 76.5%£41.4

Vitamin Bg

(nmol/L) T 70.3+44.1 72.6147.1 84.61£45.0 52.8%+35.0

Serum , 324.6+87.8 °
358.3x124.1 470.2%x144.6 302.6+78.1 %

a

w

Vitamin B2

(pg/mL) T 355.2+146.9 433.94154.3 " 348.1+£139.2" 284.14+109.7 *

Serum . b b
S 17.9x12.1 11.3£5.3 18.7x£12.5 23.1£13.8

Folic acid

(ng/mL) T 20.4+20.8 21.1+£25.4 21.8+24.1 18.1£10.1

1) Meant SD 2) S :Singleton pregnancy T: Twin pregnancy
3) 1st @ First trimester (gestational age ~12wk)
2nd : Second trimester(gestational age 12~28wk)
3rd : Third trimester (gestational age 28~Delivery)
a b qifferent letters in the same row represent statistically significant
differences by Tukey (p<0.05)
:significantly different between singleton pregnancy and twin pregnancy by
ANOVA(p<0.05)
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Figure 3. Serum homocysteine concentrations during the trimester of

subjects

S: Singleton pregnancy, T: Twin pregnancy
a,ab,b: values with the different letter are
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Figure 4. Plasma vitamin Bs concentrations during the trimester of
subjects
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- 44 -



600

500

400

pg/mL

300

200

100

1 2 * 3
trimester

Figure 5. Serum Vitamin By concentrations during the trimester of
subjects

S : Singleton pregnancy, T: Twin pregnancy

a,ab,b: values with the different letter are significantly different among the
trimester at p<0.05
*1 significantly difference between S and T at p<0.05
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Figure 6. Serum Folic acid concentrations during the trimester of
subjects
S : Singleton pregnancy, T: Twin pregnancy

a,ab,b: values with the different letter are significantly different among the
trimester at p<0.05
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Table 10. Assessment of serum homocysteine and B vitamins status of

subjects
Singleton Twin X’ df D
Homocysteine
<13 (pmol/L) 58 (100%)"% 61(100%) . . .
r r r
>13(umol/L) 0(0%) 0(0%)
Vitamin Bs ™
<30(nmol/L) 1(1.8%) 11(18%)
8.547 1 0.003
>30(nmol/L) 56(98.2%) 50(82%)
Folate
<6.8(ng/mL) 6(10.3%) 6(9.8%)
0.008 1 0.927
>6.8(ng/mL) 52(89.7%) 55(90.2%)
Vitamin Bio
<221(pg/mL) 4(6.9%) 10(16.4%)
2.583 1 0.108
>221(pg/mL) 54(93.1%) 51(83.6%)

1) Number of subjects
2) Percentage of subjects

3) tr: trace
* :difference of distribution between Singleton and Twin pregnancy by Chi-square

test(p<0.01)
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Table 11. Pearson's correlation coefficients between homocysteine
concentrations and anthropometric characteristics of subjects

Serum homocysteine

All Ist 2nd 3rd

(n=59/67) (n=16/22) (n=26/25) (n=17/20)

A S 0.120 0.382 0.320  -0.003
ge
T 0.930 ~0.073 0.288 0.130
Pre-pregnancy BMI S 0.125 0.086 0.380 -0.236
T -0.222  -0.232  0.057 ~0.476
Vaternal weight gain S ~0-201  -0.073  -0.189  -0.085
T 0.080 0.292 0.119 0.001

1st : First trimester (gestational age ~12wk)

2nd @ Second trimester(gestational age 12~28wk)

3rd : Third trimester (gestational age 28~Delivery)
significantly related with serum homocysteine of twin pregnancy by
ANOVA(p<0.05)
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Table 12. Pearson's correlation coefficients between homocysteine

concentration and demographic characteristics of subjects

Singleton Twin
B SE(b) t B SE(b) t
Education 0.079 0.513 0.155 0.226 0.709 0.319
Income -0.25 0.301 -0.831 0.026 0.243 0.107
Smoking -0.310 0.999 -0.311 1.568 1.362 1.151
Alcohol drinks -0.668 0.707 -0.944 tr tr tr
Caffeine intake 0.003 0.002 1.322 0.001 0.006 0.098
Activity Job -0.648 0.345 -1.876 2.734 1.062 2.575 °
exercise 0.049 0.363 0.135 -0.017 0.650 -0.026
sleep -0.317 0.337 -0.941 -0.098 0.558 -0.175
Delivery history -0.140 0.338 -0.415 -0.147 0.486 -0.303
Abortion 0.419 0.344 1.220 0.678 0.499 1.358
Morning sickness -0.184 0.434 -0.423 1.281 0.772 1.659
tr @ trace
' significantly related with serum homocysteine concentration

multiple regression analysis (p<0.05)
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Table 13. Pearson's correlation coefficients between homocysteine
concentrations and hematological indexs of subjects

Serum homocysteine

Singleton/Twin Ist(n=16/22) 2nd(n=26/25) 3rd(n=17/20) Total(n=59/67)

Hemoglobin S 0.475 -0.533 ™ -0.048 -0.040
-0.059 -0.006 -0.495 * -0.286 °
Hematocrit S 0.272 -0.507 ** -0.186 -0.105
-0.107 -0.028 -0.537 ° -0.343 °
Cholesterol S -0.383 0.382 -0.099 -0.164
0.441 -0.141 0.117 0.079

Total protein S 0.234 -0.037 0.343 0.320 *
-0.217 -0.283 -0.039 -0.130

Albumin S 0.323 0.001 0.290 0.376 ™
-0.183 -0.101 0.208 0.043
Globulin S -0.251 0.073 -0.057 0.187
T -0.190 -0.382 -0.219 -0.238

Ist @ First trimester (gestational age ~12wk)
2nd : Second trimester(gestational age 12~28wk)
3rd : Third trimester (gestational age 28~Delivery)
™ ¢ significantly related with serum homocysteine of singleton pregnancy and
twin pregnancy by ANOVA(p<0.05, p<0.01)
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Figure 7. Correlation between serum homocysteine concentrations and

Figure 8.
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Figure 9. Correlation between serum homocysteine concentrations and
serum protein in singleton(QO) (r=0.320, p=0.018), but
not twins(A)(r=-0.134, p=0.381).
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Figure 10. Correlation between serum homocysteine concentrations and
albumin in singleton(Q) (r=0.376, p=0.005), but not
twins(A)(r=0.050, p=0.742).
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Table 14. Pearson's correlation coefficients between homocysteine

concentrations and serum and plasma B vitamins, B vitamin

intake of subjects

Serum homocysteine

. . Ist 2nd 3rd Total
Singleton/Tvin (n=16/22) (n=26/25) (n=17/20)  (n=59/67)
Plasma vitamin Bs S -0.006 -0.326 -0.117 -0.079
T -0.381 -0.408 -0.307 -0.409 *
Serum vitamin Bi S -0.105 0.162 -0.054 0.202
T -0.372 -0.091 -0.285 -0.259 °
Serum folate S -0.487 -0.253 -0.086 -0.280 °
T -0.422 -0.032 -0.461 * -0.293 *
Energy intake S -0.022 0.208 -0.063 -0.091
T -0.453" 0.012 -0.083 -0.061
Food vitamin Bs intake S -0.077 0.111 0.027 0.056
T -0.181 0.058 -0.182 -0.092
Food vitamin B2 intake S 0.195 0.237 0.284 0.194
T -0.103 -0.062 -0.189 -0.042
Food folate intake S -0.313 -0.053 -0.058 -0.165
T -0.32 -0.212 -0.012 -0.050
Supplement S 0.244 -0.156 -0.905 ™ -0.0743
vitamin Bs intake T -0.042 -0.088 -0.108 0.006
Supplement S tr -0.156 -0.905 ™ -0.043
vitamin By» intake T -0.042 -0.088 -0.108 0.006
Supplemental S -0.244 -0.454 -0.905 * -0.269
folate intake T 0.073 -0.615 ° 0.041 -0.143
Ist @ First trimester (gestational age ~12wk)
2nd : Second trimester(gestational age 12~28wk)
3rd @ Third trimester (gestational age 28~Delivery)
tr: trace
™ significantly related with serum homocysteine of singleton pregnancy

and twin pregnancy by ANOVA(p<0.05, p<0.01)
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Figure 11. Correlation between serum homocysteine concentrations
and plasma vitamins B6 in twins(A)(r=-0.409,p=0.004)
but not singleton (O)(r=-0.079, p=0.565).
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Figure 12. Correlation between serum homocysteine concentrations
and serum vitamins B12 in twins (A)(r=-0.259,
p=0.044), but not singleton (O)(r=0.202, p=0.129).
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Figure 13. Correlation between serum homocysteine concentrations
and serum folate in singleton (O)(r=-0.280, p=0.034) and
twins(A)(r=-0.293,p=0.024).
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Figure 14. Correlation between serum homocysteine concentrations and
vitamin Bs food intake in not singleton (O)(r=0.056,
p=0.683) and twins (A)(r=-0.092, p=0.529)
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Figure 18.
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Correlation between serum homocysteine concentrations
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Figure 19. Correlation between serum homocysteine concentrations and
folate supplement intake in singleton for the third
trimester (O)(r=-0.705, p=0.001), but not twins (A)
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Table 15. Determinants of homocysteine concentrations of subjects

Serum

Determinants homocysteine
Singleton Twin

Dietary factor
low energy food intake - T
lower vitamin B6 food intake - -
lower vitamin B12 food intake
lower folate food intake
lower vitamin B6 supplemental intake
lower vitamin B12 supplemental intake
lower folate supplemental intake

Hk

Hk

— — — |
|

Clinical factor
lower age -
lower pre-pregnancy BMI B -
lower plasma vitamin B6 level
lower serum vitamin B12 level
lower serum folate level
lower serum hemoglobin level
lower serum hematocrit level
lower serum cholesterol level
lower serum total protein level
lower serum albumin level
lower serum globulin level

% *
*

*

*k

*

Hok

*

*
- D 5 - 5 — |
*

*ok

l  — | 55— |

Lifestyle factor
lower income - -
smoking - -
alcohol drinks - -
caffeine intakes - -
have a job - T
lower exercise - -
lower sleeping - -
lower morning sickness - -

1) BMI : Body mass index

7 : Increased serum homocysteine levels in pregnant women

| 1 Decreased serum homocysteine levels in pregnant women

“* . Serum homocysteine levels were affected by interaction several factors(P<0.05,
P<0.01)
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Table 16. Pregnancy outcomes of subjects

Singleton Twin
Maternal
Gestational age(wks) 41.5+3.0V""" 38.5+2.9
Weight gain(kg) 13.5+4.6" %" 16.8+5.3
Delivery type NSVD 45(68.2)" 4(4.5)
c/s ¥ 21(31.8) 82(93.2)
Newborn
Sex
male 36(54.5) 61(40.1)
female 29(43.9) 80(52.6)
Birth weight(g) 3376.14+544 .3 2413.9+667.9
2294.3£703.1
Apgar score at lmin 8.2+0.6"" 7.4%£2.8
Apgar score at bmin 9.0+0.5"" 7.3+2.8
Premature infant (<37 wks) 3(4.5) 33(21.4)
Low birth weight (<2500 g) 3(4.5) 68(48.2)
Intrauterine fetal death 1(1.5) 13(8.4)
1)Mean+ SD 2) Number (percentage)

3)NSVD: Natural spontaneous varginal delivery

4)C/S : Cesarean section

significantly different between singleton and twin pregnancy
(% 1 p<0.01, =% : p<0.001)
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AAol AT TRA2HS FEoe] AyAS Aurd, chejole]
A Ao}l AFo] 3500g o] w 5.3+ 1.2uml/L, 3200~3500g & w 5.7+1.3p
mol/L, 3200g Wt o 6.1+1.6pml/L =, AF L& 7roll EAH Fgde
AR o}, Aol AFo] HEFEE ITRAAH FEE Ui FUMEE 4
&S YT, AElolE 4ol AlFo] 2500g ©]/dY Wl 5.3+1.0umd/L,
2500g °]atd W 6.0£2.1umdl/L 2 Ao} A|Fo] F7HLFFH BAY T RA
Sl FE7F fFojH o wokth(p<0.05).

A 5 13 Foll S ozt AFeke] AAl A= dEjolset AEjol B

Al 1eke] oL AF7E 8 ol olde w IEAIZHSY ke

4.8+1.7umol/L, 8 ©]3tY W= 5.04+0.9uml/L =

S HATH(p<0.05).

QuRe) olo} BRALHAT FEI] ARS AT whejg Al
P

+ 304 o]stY wf 5.5£0.9umol/L, 304 o]/ wj 5.7£1.3umol/L ©]RaL, A&

A E = b7 4,741, 0umd/L, 5.8+ 1. 7umd/L 2, ¥ 18 BF o7} =
7N E S EA2HQ FEUF SUbste A4S HA.

AA A AAZFAFee] BAdAE dHdATE AAZFAFTE AA T
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Table 17. Relationship between birth weight and homocysteine
concentrations of subjects

Serume homocysteine

1 st 2nd 3rd All
Birth weight
Singleton
=>3500 6.0+1.8"” 5.2+1.2 5.240.7 5.3%1.2
<3500 or =3200 6.5*0.7 5.2+x1.4 5.1£1.4 5.7£1.3
<3200 6.9+£1.4 5.4%+1.2 6.3+x1.8 6.1£1.6
p-value 0.466 0.921 0.632 0.339
Twin
=>2500 5.2+0.5 5.1+£1.2 5.3x1.1 5.3+1.0¢
<2500 6.0+1.6 4.8+1.5 7.242.2 6.0+2.1°
p-value 0.053 0.321 0.381 0.006
Apgar Score
1-min
Singleton
>8 6.8£1.6 5.2+0.7 5.3x1.0 6.0£1.2
<8 6.4£1.0 5.3x1.3 tr 5.5%1.2
p-value 0.065 0.077 tr 0.691
Twin
>8 6.8+1.6 4.8+1.7¢* 6.9x1.5 6.0£2.4
<8 5.5+1.2 5.0£0.9" 6.2+2.8 5.5+1.3
p-value 0.650 0.049 0.302 0.108
> 8 5.6x1.4 4.8+£1.3 6.7x2.0 5.7x1.9
<8 5.6£1.0 4.8+0.4 55+1.7 5.3%1.1
p-value 0.353 0.179 0.914 0.259
1) Meant SD

1st : First trimester (gestational age ~12wk)
2nd : Second trimester(gestational age 12~28wk)
3rd : Third trimester (gestational age 28~Delivery)

tr: trace

@b: Values with the same letter are not significantly different from among 2 groups

p<0.05

_68_



Table 18. Relationship between maternal non-dietary characteristics

and homocysteine concentrations of subjects

Serum. Significance
homocysteine
Age (yrs)
Singleton <30 5.5+0.9" NS
>30 5.7+1.3
Twin <30 4.7£1.0 NS
>30 5.841.7
Pre-pregnancy BMI (kg/m?)
Singleton >23 6.3+1.6
>18.50r <23 5.7t1.2 NS
<18.5 5.2+1.1
Twin
>23 5.1+1.9°
>18.50r <23 5.741.4% P<0.05
<18.5 6.0£2.6°
Weight gain(kg)
Singleton <11 6.240.9°
>1lor<14 6.1+£1.4% P<0.01
14< 5.2+1.1°
Twin
<15 5.1£1.6
> 150r<18 6.8£3.0 NS
18< 5.6+1.4
Gestational age(Wks)
Singleton <37 6.6+0.1
=>370r<40 5.6%£1.2 NS
40< 5.6+1.4
Twin
<37 5.942.0 NS
=>370r<40 5.4+1.5
Anemia
Singleton
Hb<11g/dl, Hct <33% (n=13) 6.0£1.2 NS
Hb>11g/dl, Hct>33% (n=63) 5.6%x1.2
Twin
Hb<11g/dl, Hct <33% (n=20) 6.9+2.2° P<0.05
Hb>11g/dl, Hct>33% (n=76) 5.3+1.4
1) Meant SD

abab s oionificantly different serum homocysteine level for twin pre-pregnancy BMI

and singleton weight gain.
* isignificantly different serum homocysteine level for twin pregnancy anemia.
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3) YA HEY B 9 HEHe A2

A WAkl dAl 71 T Ao Wl HERRD Bs, MIEFIB,, Gt E
2oAFoR AHE HER Bs, BIEFRIB, G2kl A ek ATz, A4
SAA T, 13 oFZ7F A5, 537 ofx7F Ao & Ao Atk
AE A9 A3 (Table 19), FEAAIFo F A4 s Aot 5i
o 7F Algreb ol AuAZE AN (P<0.05)(Figure 20), THEfS)AIH
© HIET Bpol AFeH Aok 1 of=x7t A rh 4o FuuAE vE
Wk (p<0.05) (Figure 21).
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Table 19. Correlation between maternal serum and plasma vitamin B

levels, intakes vitamins B and pregnancy outcomes

Pregnancy outcome

Singleton Twin
A A A A
G g pro P G g0
1-min 5-min 1-min 5-min
Serum & plasma

Vitamin B6 -0.01 1.75 -0.00 -0.00 -0.018 -4.006 -0.013 -0.016
Vitamin B12 0.00 0.33 0.00 0.00 0.000 0.209 0.001 0.000
Folate 0.02 -1.33 -0.00 0.00 0.018 7.135 0.040 0.045"

R of model (%) 4.7%  4.5%  11.2% 3.5% | 3.5% 9.0% 10.4% 6.8%

Intake
Vitamin B6 -0.246 -42.789 -0.075 0.055 0.047 -49.553 0.197 -0.191
Vitamin B12 -0.140 -17.803 0.155° 0.018 0.413 76.438 0.362 0.332
Folate 0.005 0.696 -0.001 -0.002 -0.003 -0.324 -0.005 -0.006

R of model (%) 2.7%  0.9% 139% 5.1% 59% 7.2% 57%  9.9%
G : Gestational age B : Birth weight Apr: Apgar score

isignificantly related with pregnant outcomes and serum & plasma

vitamin B, intakes B vitamins of pregnant by Tukey(p<0.05)
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Table 20. Determinants of pregnancy outcomes

Singleton / Twin

Pregnancy outcome

. Singleton Twin
pregnant Determinants
G B Al A5 Al AS
Serum & Plasma
higher serum homocysteine level - - - - ! ) -
lower plasma vitamin B6 level - - - - - -
lower serum vitamin B12 level - - - - - -
lower serum folate level - - - - - )
Intake
lower vitamin B6 intake - - - - - -
lower vitamin B12 intake - - ) - - -

lower folate intake

G : Gestational age B : Birth weight

Al : Apgar 1-min A5 : Apgar 5-min

| © Pregnancy outcomes were adversely affected(p<0.
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ABSTRACT

Comparison of Maternal Blood Levels of Homocysteine, Folate,
Vitamin Bs, Vitamin Bj2, and Pregnancy Outcomes between

Singleton and Twin Pregnancies

Lim Soo Joung
Department of Food & Nutrition
Graduate School

Sungshin Women's University

Homocysteine is a sulfur amino acid of which metabolism requires
folate, vitamin Bs, and vitamin Bj2. Low intakes of dietary folate,
vitamin Bs, and vitamin Biz lead to mild hyperhomocysteinemia, which
has been associated with various pathologies. Hyperhomocysteinemia in
women during pregnancy has been associated with adverse pregnancy
outcomes including preeclampsia, premature delivery, low birth
weight, spontaneous abortion, and placental abruption. Also a neural
tube defect and a clubfoot in a offspring were significantly
associated with homocysteine in maternal blood. Lowering of
homocysteine by B vitamins can prevent most of the complications.

Subjects in this study were 176 pregnant women (98 twin pregnancy and
78 singleton pregnancy) receiving prenatal care from the S Hospital,
Seoul. The study subjects were grouped by pregnancy trimester (i.e.,

first: ~12 weeks, second: 12~28 weeks, and third: 28~delivery) and



pregnancy type (i.e., singleton and twin).

This study compared nutrient intakes, lifestyle factors, clinical
characteristics, serum homocysteine, folate, vitamin Bjs, and vitamin
Bs levels in pregnancies and examined association of the serum
homocysteine level with the other factors. The study objective also
include to investigate the relationship between the serum
homocysteine concentration and pregnancy outcomes.

The mean ages of the singleton pregnancy group and the twin
pregnancy group were 31l.6years and 32.0years, respectively, and mean
body mass indexes were 20.9kg/m* and 21.0kg/m®, respectively. Anemia
based on hemoglobin and hematocrit values of maternal blood were
17.5% and 21.1%, respectively.

The 84.6% of the singleton pregnancy group and the 73.6% of the twin
pregnancy group had a college diploma. The 64% of the singleton
pregnancy group and the 31.8% of the twin pregnancy group had a job.
Economic status of the twin pregnancy group were lower than the
singleton pregnancy group.

The daily average energy intakes were not significantly different
between of singleton pregnant women (1826.8kcal, 85.1% of KDRIs) and
twin pregnant women (1836.5 kcal, 85.9% of KDRIs). The daily average
folate intakes in the singleton pregnancy group and twin pregnancy
group were 243.0xg and 257.1pg, respectively. The daily average
folate and vitamin Bi» intakes were not significantly different by the
type of pregnancy (i.e., singleton vs. twin) and the stage of
pregnancy (i,e., 1st vs. 2nd vs. 3rd trimester). However, the daily

average vitamin Bs intake of those in the 2nd and 3rd trimester tended



to be higher than that of those in the 1st trimester in the twin
pregnancy group. The daily average intake of supplementary folate in
the twin pregnancy group was 1071.1ug, significantly higher compared
to 833.3ug of the singleton pregnancy group.

The mean gestational age, birth weight, and one minute Apgar score in
the singleton pregnancy group and the twin pregnancy group were
41.5weeks and 38.bweeks, 3376.1g and 2314.9g, and 8.2 and 7.4,
respectively. These were all significantly different by the type of
pregnancy (i.e., singleton vs. twins, p<0.01). The proportions of
premature delivery were 4.5% and 21.4% for the singleton and the twin
pregnancy group, respectively. The proportions of low birth weight
were 4.5% and 48.2% in the singleton and the twin pregnancy group,
respectively. The rates of intrauterine fetal death or abortion were
1.5% and 8.4%, respectively.

Homocysteine was not significantly different by the pregnancy type
(5.6x1.6pmol/L in the twin group, 5.7%1.4umol/L for the singleton
group). Serum Homocysteine levels reached the lowest values during
the 2nd trimester for both the singleton and the twin pregnancy
groups. Among the singleton pregnancy group serum homocysteine
concentration was negatively correlated with serum folate
concentration (p<0.05) and the 3rd trimester group's supplementary
intakes of folate (p<0.01), vitamin Bs (p<0.01), and vitamin Bis
(p<0.01). There were also negative associations of serum homocysteine
concentration with values of hemoglobin (p<0.01) and hematocrit
(p<0.01) of the 2nd trimester group and maternal weight gain

(p<0.002), while significantly positive association was detected



between the serum homocysteine level and the serum protein (p<0.05)
and albumin (p<0.01) levels. Among the twin pregnancy group serum
homocysteine concentration significantly increased as the serum
folate (p<0.01), vitamin Bz (p<0.05), and vitamin Bg (p<0.05)
decreased and the 2nd trimester group's supplementary intakes of
folate (p<0.05) decreased. There were also negative associations of
serum homocysteine concentration with values of hemoglobin (p<0.05)
and hematocrit (p<0.05), the 1st trimester group's energy intake

(p<0.05), and pre-pregnancy body mass index (p<0.05). In addition, a
mean level serum homocysteine was significantly higher among women
with a job compared to those without a job (p<0.05).

The twin pregnancy group's serum homocysteine concentration was
higher among the low birth weight group and the low one minute Apgar
score group compared to the normal birth weight group (p<0.05) and
the normal one minute Apgar score group (p<0.05), respectively.
Dietary vitamin B intake of the singleton pregnancy group was
positively correlated with the one minute Apgar score (p<0.05).
Serum folate concentration of the twin pregnancy group was positively
correlated with the five minute Apgar score (p<0.05).

It 1s concluded that the study findings imply that dietary folate,
vitamin Bs ~and vitamin B2 intakes from foods, vitamin B
supplementation intakes, and lifestyle factors during pregnancy are
important for improving serum vitamin status, reducing maternal

homocysteine levels and risks of adverse pregnancy outcomes.
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