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A Change of Serum Folate and Vitamin B,, Concentrations of Maternal and
Umbilical Cord Blood during Pregnancy
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ABSTRACT

Folate and Vitamin B, are essential nutrients important during pregnancy. This study was conducted to evaluate the
folate and vitamin B, nutritional status of Korean pregnant women and to investigate the relationship between maternal-
umbilical cord serum folate and vitamin B12 levels and pregnancy outcomes. Dietary intakes of the pregnant women
were estimated by 24 hour-recall (3 times) . Serum folate and vitamin B12 levels in maternal blood and umbilical cord of
27 pregnant women at 1’st-, 2’nd-, 3’rd- trimester and delivery were measured by RIA (radioimmuno assay), respectively.
Means of folate and vitamin B, intake were 283.53 X 58.01 xg/day and 2.99 *+ 1.32 mg/day, respectively. Maternal
mean serum folate levels of the trimester and delivery were 9.75 * 3.60 ng/ml, 10.46 = 4.63 ng/ml, 10.71 % 4.14 ng/ml
and 15.05 = 7.04 ng/ml. Those maternal levels were significantly lower than that of umbilical cord blood (23.99 *
9.42 ng/ml)}. Serum vitamin B, levels of maternal trimester and delivery were 479.07 = 137.56 pg/ml, 310.96 * 137.56
pg/ml, 308.22 = 74.65 pg/ml, and 295.67 £ 93.36 pg/ml, which were significantly lower than those of umbilical cord
blood (500.13 % 185.60 ng/ml). This finding indicates that the uptake of folate and vitamin B, in the fetus may be due
to an active placental transport mechanism. Maternal serum level correlated positively with those of umbilical cord blood,
showing that folate and vitamin B, concentration of umbilical cord blood might be affected by maternal status. There
was no significant correlation between the serum folate levels in maternal-umbilical cord blood and the pregnancy out-
comes. However, maternal vitamin B, level at 1’st trimester was significant positive correlation between the gestational
age except for birth weight and weight gain. (Korean J Community Nutrition 10(5) : 615~622, 2005)
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A £Ad CoAZS) ARG ZaLg 2gabaA Jat
tAkel s Adse] FAE AT A L AHZF
o g3} ZPsfAel #ejstch(Herbert F 1998; Lind-
enbaum & 1988).
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ley 1980; Molly 1985; Dansky 1987; Herbert 5 1998)
o] Yehd 4= o] BaEgich o] s o]fE FellA
=717 oA 2 dARA GaREE AT A%
oltk(Yates 5 1998; Theresa & William 2000). %3t
HIEN] B 947 dlopiiga} ) "astn F5Ale
= glo} 22U DNA 4 Felis} A3A 715 Bl 5 4
2] iAoz} vyehd = o™ (Kretchmer & Zimmer-
mann 1997), YAIE7} AXF xR0 At HIER] B9l A
7l & 249 wE ¥ ohe} glote] T o)
AT, 23Ul BloAbte zeEigivky g v §l
THShojania 1984). wetA P17l gatst vlekd By,
HHFENE FE3HA FRIShs 2L "ot ABAlS B
o5 ofist ® ohe} RS xAL-S FYsHA 3l
got A3-e 483 sh=d wig- F23ith
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g A AEs Q1Y ALE Y3 AFRE, AP 2
2E37 A2 FUlF ASE ARSIt A AEFAF
2o ooyl @ 72 Can—pro (Computer Aided Nu-
tritional analysis program, version 2.0) ZE7}8-(The
Korean Nutrition Society 2000)& o]&3t] Jugid
A B35

ZAME ARZHE e B, AHAZE s A
Q) JUEAF 1,8727HK] AE9 dNHIE BAR
database & AR oW, o|F HIER By, Tol AR
2EL 615F o|qith

3. W%y 2N

ZAYNE JA 27)(10~13F), §71(24~29F), ¥
71(32~375F) 2 £t 3 Aof| Zkzhe] e Hela Hat
R, AlAdote] AP AL Eob A5 Ao} Aol Ha}
Ack. A AYL 1A T 204 233 ¥ 3,000
rpmolA] 1587 gaEeEste] EHE BEssion 4
A7A) polyethylene micro tubedl] Bo} —70Ce| ¥F
By

JA F A9}k Aot APH] Fat TEE AL
A Ui Do) ezke] wAlS sk T B4
2 BX43k= RIA (radioimmuno assay)¥H o % #4J3}
tHSauberlich 1999). &7l vla] H 9 it e
rdsts, o] Wb o ® FA Al FYgEe} MErt o
o) ESHA Mo xeid 4 Y TEA A o4
7t wiAlE 5= Sl S Adck(Dawson 5 1987). Vita-
min By; ¥5¥ intrinsic factor’7} ¥&% ZA¢ddd &
Aol GPABE W7 F YCo FHYLE $A48H= RIA
(radioimmuno assay) H22 #4315 cHSauberlich 1999).

4 N BN

2 A9 Anp= SAS 8.0 (Statistic Analysis System
8.0 for Window System) PackageS ARE3l0] SAEA
sgion RE HpES Hogh + RFUAS) HEEE X
AlEitE 84 w5 9 dadnele] AdadA (Person's
correlation coefficients) & #A5tR 1 YA1717PE BF
5o HuE dgR-AHE (one way ANOVA) 22 &
AE BEAE F Turkey o2 AREHSS AAISIGIT
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27959 Al AHBE = 25~3542 BFAHL 29.88
+ 2,554tk dA A AFH AL 742t 55.63 + 8.80
kg9 161.19 + 5.13 cm%.21 BMI (body mass index)
+ 21.36 = 2.872 Aol &%tk BF F571¢)
ol¢t7] "Wk ZH2t 111.10 + 11.77 mmHg® 67.33
12.38 mmHg® tha 22 F3ellort Al &
ke dAlSsE 9 7jet dFo] iglen dazr) &)
2E2HEsd FutEazEXE 42 11.32 £ 1.61 g/dl
9} 33.66+4.21%% %533t

A7) 81.5%7F AEFEA(66.7%), ZadEAl
(11.1%) 2 Z3elAl(3.7%) S B-431913 B 54
717k 47082 A B as AdETde] 19
ol AFENES 3 w1k 8ot

2. 9Y2 1%
QA1 F G FUAE Table 25 B3ATh Alo]
AT ZAE 77 A BI1ER ol 33 ZAks

Table 1. General characteristics of the subjects (n = 27)

Age (yrs) 29.88 + 255"
Height (crm) 161.19 + 513
Pre-pregnancy weight (kg) 55.63 = 8.80
Pre-pregnancy BMI (kg/m?) 2136 = 2.87
Weight gain (kg) 12.89 = 3.62
Pregnancy BMI 2659 + 4.70
Blood presure (mmHg)
Systolic BP 1M1.10£11.77
Diastolic BP 67.33 £12.38
Hemoglobin (g/dh 11.32 + 1.61
Hematocrit (%) 33.66 = 4.21
Duration of supplements (mon) 473 +£12.38
Nutrient supplements (%) 22 (81.48)%
Iron 18 (66.67)
Calcium 301D
Muttivitamin 1370
Delibery type Vaginal 19 (70.4)
C-section 8 (29.6)

"Mean * SD, ?Number of subjects (%)
Table 2. Nutrient intakes of the subjects (n = 27)

olFF - AHn] - k&4 - 617

gk Z+ AA 2719 oA AHFS £7] 2073.74
394.04 keal, 7] 2070.35 + 431.58 kcal, ¥7] 1933.40
* 259.14 kcal2 3= YAF AFHF 96.5%, 88.1%,
82.3%¢°l g3k

chlA AFERE QA 271, F7), 7177 A7 91.21
25.67 g, 8742+ 2344, 81.63+1392g°% HH 87¢g
& A3, dARe] 9 wld 4F B 70 g (The
Korean Nutrition Society 2000)2] 124%% %353 A
FH +5& 2oh

A B Jake] AFFRS 293.04 = 95.56 pg, 281.15
+ 11891 pg, 267.81 + 95.82 pgsE YAR A<l
500 pgoll A wZHAch

AN 27]19) HlER By, AFHFS 3.11 £ 1.1 pgon,
Z719} 371 3.01 £ 0.9 pg¥ 2.84 £ 1.3 pgl = H
2.99 pgollen ol EAYFAFZN BQE 2.6
pgd 115%°] SFEYt. vlel B 54 AF
ok gprElo] lo] e TR A9 Aol FuH
ek (Weiss £ 2004) ©h& 484 vl g2 Az
Ao AFE AR Ql FEHN ANETOZ vlwH
W7 e BEA o AEg A AHEHH
AYL E31A] Yriy ¢3A Qri(Allen 1999). 4l ¥
B2 B5E GUdA AFF0) FoAle 2R UERS
L JAR7IE ofuix] 2 el iake HIERI B, AlF
Zo] 2%t Ajol= Yldrh

3. RIS ot iG] FyYo P FE HIER By, X
GA 271 9 Bk A 2@ At AdEY o
EX+ Fig. 13 Table 3¢ AlAI3t

AN F, F 37 BAY GAFsEE 9.75 £ 3.60 ng/ml,
10.46 + 4.63 ng/ml, 10.71 & 4.14 ng/mig.oH, 9t A
A 2AEH A EE 15.05 £ 7.04 ng/mlE QA 7)

719 37] 2 B AdY w59 FoAHQ AolE B3

Nutrient intakes

1'st 2'nd 3'rd Total
Energy (kcab 2073.74 + 394,04 (96.5)" 2070.35 * 431.58 (88.1) 1933.40 = 259.14 (82.3) 2039 + 182.65
Protein (g) 91.21 + 25.67 (130.3) 87.42 + 23.44 (124.9) 8163 £ 13.92 (116.6) 8722+ 11.61
Fat (@) 6099 + 25.75 57.95+ 23.32 5412+ 17.27 5822+ 11.62
Carbohydrate (@) 307.78 = 68.39 308.81 = 67.02 290.74 + 57.00 30413 £ 29.14
Iron (mg@) 16,70 £ 5.25 (83.5) 17.79 £ 1392 (74.1) 1665+ 504 (69.4) 1728 = 492
Vitamin B2 (2Q) 311 1.6 301+ 1.4 284+ 1.32 299+ 1.32
Folate («Q) 293.04 = 95.56 (58.6) 281.15 = 11891 (56.2) 267.81 £ 95.82 (53.4) 283.53 £ 58.01

¥ % RDA
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Vitamin Bi2

Fig. 1. Concentration of folate and
vitamin B2 in the maternal serum.
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Table 3. Concentration of serum folate and vitamin Biz in the maternal and umbilical cord

Maternal

Umbilical cord F-value

1" st 2'nd 3'rd At term
Folate (ng/mb) 9.75 £ 3.60° 1046 = 4.63° 1071 = 4.14° 1605+ 7.04° 2399 £ 9.42° 1219"
Vitamin B2 (pg/ml) 479.07 + 137.56°  310.96 + 137.56° 308.22 + 74.65° 29567 £ 93.36°  500.13 + 185.60° 14.00%

*: p<0.0001

ab: Values with the different letter are significantly different among the trimester at p <0.0001

Table 4. Pearson’s comelation coefficients between matemal and
cord blood in serum Vitamin Bi2 and folate levels

Maternal blood

1'st 2'nd 3'rd At term
Folate Cord 00475 06198  0.6043™ 0.7406™"
Vitamin B, blood  04235" 06922 03079  0.6540""

= #x  *xx Significantly different at p<0.05, p<0.01, p<0.001,
respectively

Table 5. Pregnancy outcomes of the subjects (n=27)

Maternal
Gestational age (wks) 39.54 + 117"
(day) 27719 £ 7.9
Weight gain (k@) 12.89 £ 3.62
New born
Sex
Boy 14 (51.9)
Girt 13 (48.1)
Birth weight (@) 3405.74 + 337.54
Apgar score
1 min 8.93 £ 0.38
5 min 9.70 £ 0.47

Y Mean =+ SD ? Number of subjects (%)

THp < 0.0001). Ao} AhEH ] PrbsEE 23.99 +
9.42 ng/ml2 ZAY 7], 37), 371 2 % A A9 ¥

QrFsEolA Bt f-98HA E3tHp <0.0001) (Table 3).

Bel B, 58 94 ), 71, 371 47+ 479.07 =
137.56 pg/ml, 310.96 *+ 137.56 pg/ml, 308.22 £ 74.65
pg/migion, Bt A RAEHYS s 295.67 £ 93.36
pg/mith Yax7] BAQ HlEll BysEe 3719 F
7] @ Bk Ao FEg fAAA Aot Je Aew

vERdtHp < 0.0001) (Fig. 1). 3 Ao} AEH
v)ehl B, $5= 500.13 + 185.60 pg/mLE 718t ¥
7] 2 2ol AR 2A) w5l visl fo5H E3ithp <
0.0001) (Table 3). A7zt k2 FA S5 F718t
A1, HjER B, ¥5E ZAashe] Ake AeS Bt

4. DNje pgor Mool At HIEDI By, O Y
Y

B2k Aol AR P Fatat vlERR] By, x4
Y-S Table 40 AIASHITE Aol AtiEH 2] it
T gAl 2718 ALl 9 F71, $71(p <0.01)
Eoba 2A8(p < 0.00D) 9 59§30 ¥ 4
d-g wginh Aol AtiEA ] HleR! BsEst dal
71(p < 0.05), 71 (p <0.001) & #TA (p <0.01) 2A
3ol g Bye 493 I ARdE Btk &
AA ZF BA v By, 571 o9 Aol o9
HEN B, ¥55 Eohs 23S AAE sl

5. gaimme TN QU NARor MG St HIED By,
sk

Table 504 g} o] ¥ A7oidate] B4 A 712
39.54 £ 1.17F2H, 94 F AT T7H2 ¥ 12.89
kg, YRFES WIAE 522 18.52%7F B
Axgore] HF A Al AFE 3405.74 g0 & YT
o, 4t 1839 58] 242} $49 Apgar A5 8.93%
9.700.2 oIt

AT} 2718 AAt % viEkl By, TR A
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Table 6. Pearson’s correlation coefficients between serum folate
levels and birth weight, gestational age and weight gain

Folate Birth weight  Gestational age Weight gain
1'st 0.1794 0.1991 -0.0926
2'nd —-0.1269 —0.0689 0.1744
3'rd 0.0851 -0.1683 0.2545
At term 0.0012 -0.251 0.0775
Cord —0.0205 -0.0169 0.0722

Table 7. Pearson’s correlation coefficients between serum Vita-
min Bs levels and birth weight, gestational age and weight gain

Vitamin Bi2  Birth weight  Gestationalage  Weight gain
1’st 0.1259 0.4572" —-0.2395
2'nd 0.0172 0.2093 ~-0.2566
3rd -0.0128 -0.3735 —-0.0285
At term 0.0917 0.0710 -0.3250
Cord -0.0718 0.2838 -0.1616
* p<0.05

7ol fel5al Jee dglonk
AEEs A1 89 %

A 3719 5719 4
SRS uslth £ R

Al BAE BolX wgkoyt YA F ATTTIEY A
2719 ditsEde 59 dREE, IVIREE 99 2
W& eI,

AA 2719) Wil By, =9 A 7103 249
Fe] AT E A 2H (p<0.05), Aot AF B AFF
7vsh 5—71 2 HlE}ul B, ¥5& fHolA: agkout

w7 AAfolE But
}9&9_"4 F AFS7VFE r’:‘?—f 12.89 kg g m)=
2] IOM (Instltute of Medicine 1990) 94 #AIgE A4l
A %74 BMIQ! @aielAl A8EE 11.5~16.0 kgoll &3}
Fon Gilbert $(2004) 3 Ahn (2004), Hyun (1997)
So] Iy - gloll mud Axsl A t2A) sttt 2o)
AFFo] Zojt: AFS HI o FAA FAHL ¢l
o}, FH ofyx] AFHFS Lee 5(2003) 3 Ahn 5(2001)
9] 2042 kcal®} 2189.5 kcal®t} W2 5F0|% 2™ Lee
5(2004) 0] B3k 1559 kealit} 2 0]t} Gat
AFEe Ahn (2000) 3} Lee 5-(2004)¢] X313 134.3
2g¥ 230.8 pgR Tt 901, Kang & Chang (1993) 9
245.8 pgRTt ook v 90 AT FFATHF
(500 ug)f’—] 56.7%%. AZ 4FHFS Bk vjE By,
AA#H%E& Ahn 5(2001) 9] 3.3 pgHth ta A AFH3

o] - AH] - EA - 619
o2 ettt vlE] B, 9% Vb‘EHE getgh Fue]
T W 75381, vlel By, AHEE skl B4
A7} vlEEER ool gt A77F B} ¢ o]Fo)xo}
& Aoz Algdch

249 7] % QA F5E Lee 5(2004)0) B g
dal 27] EH HAFEE 5.5 ng/mlell vls) 1.8 A% ¥
ool Alan 5(1990)°] AAe A HAbsE HAE S
2~20 ng/mlel &35k AT €571 3.0 ng/ml W%
A AFNEE B2l tldAE ik =3 Lee F(2004)
Bt QRS A VR 8355 Aort 43S
vFS AR E"]E}' Dietrich 5(2005)< 4P}k
8 AT 2E AN AT AET it w2+
Aoz "i';f%\u & Bydk bk glok zevt gak AAH e Al
A2l °§f’o*3’~} FAFHH O g Aol wiAl & F glom
1:_ oﬁgr;}. caz\].o z;lb\], a-bﬂoﬂ %c‘,:z—lo]
5 Hloto] AL E& BA 239 F
Tt % FE U]?‘l‘:}ﬂ 2&#HA St (Institute of Medi-
cine 1990).

2 A7 94 71 2AY] A4 9 vE] B, 5%
s} Aol AN FEE VA5t BAS AFoHH
59| zolg A3 Cikot 5(2001) &} dFelM=
A F 83 GisEr o Al & dTee o
e BG oL HEH] By, ¥5E YAIFHICRE ZrE
oA oz ZAgtty Husle] & 79 PAz7|Rot
7] 4 Wlel feldog Hidhe Avtet YAESITH
HIER By AZJlellA viglede) @447 sAd CoA
o] AgESo] ZEAT ZEIPEA At Ak} s A
#eo] Zgsith ol A At =9 BlERR] By, &
T iR o g Qg BAY FRPEEE At
thy gelA ¢l o WHEk & Magnus 1981), £ d7oxe
Yal717kel whet S8 o n] Azt H]s) ERkA B
A AR FEE Y302 A Uehdth ol 249 o
Al A e YA F Aol FE}E B BEAY
S WhE Ao Azpgar. vlEl B, 8% v
FH91Q1 200~900 ng/1gh vl fA127] A )t

At 29 Adem, dal F71 Highel A
HAY 10% Tl EF3] thh F2 S B3k 9
A7 T B2AY 84 vl B, w5 AE A
A 7 @& FEE 2ok o]} Bste] gof
o] ANEYEE BAGART) 5o} gt o5
58 714 g% Aoz FEHT glo](Van den Berg
1998), ¥ A7) Aol o] & HdHE HEAA &

o{:iooougo
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324
lo

o b
r ol o

Aoz APk QA7) 24 B39 vlEwl B, 7
Buke 23 "otz oz olFy T TR
F e AR P, 2R JF Fo7 A¥dti(Van
den Berg 1998).

29 Aol ERExree] ARBAZ A73 Frery
5(1992) 2 AtEAe] vlER B, $E7F BARG 2~
38 EA Jebton foAQl o AddAdel vt B
73199 2m, Guerra—Shinohara $(2002) T3 EA|<}
AAolAcig A2 gl By, FEAR] fAA el A
o] glrka slo] 2L AT ik £ AFHE ¢
A B7pEE oa xelrt YARE Balsh Ager AR
Alolel] oAl ko] AHAe Blon EAY He Al
Aot AABRY T/t FJRE FA YERTL £
Z Aol AhEA 2 HAkel eI B, 5= 21
289 =R Zzk 1.64, 1.7¥ ot Huber
(1988) 7} Baker 5(1981) ¥ Guerra—Shinohara
(2002) 8] B2 FAKI e Pardo 5(2004)8] A7
oM efgte] 3 GAta HlER] Bow BEATERY
Ao 2 EgE-S Rud u Sk ulebd gopzAlo] ¢
At vlER B, S B33] $85t1, Baker S(1981)°]
AASE v} o} euke B3 Pate) viekl B9 ©]Eo]
EE xlo) dashs 554 7|4 % e AR

N9} Bt Scholl 5(1996)-2 EAle] AT
QAE o] AAFol Y AN FA] YTk Bkl
o1 Scholl & Johnson (2000)& 240 ng/day °©]3F2] &
& GAEHIT AAFol 2A1 A A8 S 3 oV F
7tk B vl glck Malinow 5(1998)2 ZA1E
Ao B JAt 57t AAotel A AFH A=
Z71ell A ko] AuAdo] 5-g B 1Elth Lim &
Lee (1998)E HETF GAFs=s Aol 24 Al AF
2 A} & AdAo) ke AXE Bagh bk gl
th 2 AFME gAY dAAn) Bl F S5
oo B JARE giitow sty dHFEY /i) W
o]z & Al U AN FEY YA Anl A
£ At e goktia AksETh Kubler (1981) &
vjEl B, FdEirt Qs Bde} giuka Fgle
1}, 2 Candito $(2004)& A3 % A3 fAds] ¢
ArAg o) Ve g2 ofA EFAA HlERl B, 5
o] v Ueht ol NTDY T thE AZIAZ L3
& V53E AR

e QA B0 e 2A)e} gl AiE e ¢
Ab @ HlER] B, S #4510, ZA19 vEk 5 ¥

2
[ U

ot o

go} wAle] Jopeprh Aol Al il Fash
QadHele BAS AsE AL s} Sivkn Azek

2 S BP9 AR 371 A
BelE W A4 QRS o Qi &7, ), ¥

Eouiss doingith 1 A%S Qokshd g 2k

27952] R AFEFE 25~35412 HAAFS 29.88
+ 25541201, 94 A AFH NP 242 5563 +
8.80 kg} 161.19 = 5.13 cm@th. & tidAe dAFE
o 7je} gFo] QoH Pazr] HRIF2HFES 3
nEggEXE 27} 11.32 £ 1.61 g/digh 33.66 =4.21%
2 g3k

ztzke) Al B7) odR] AHFL £7] 2073.74
394.04 kcal/day, 7] 2070.35 + 431.58 kcal/day, ¥
7) 1933.40 * 259.14 kcal/day = UeR2H, gate] A
Hge 293.04 + 95.56 pg/day, 281.15 = 118.91 g/
day, 267.81 + 95.82 ug/day ©|3ith. vlERI By, AHZ
& %7) 3.11 £ 1.1 pg/dayi o™, 5719 F7I= 3.01 £
0.9 pg/day™ 2.84 + 1.3 pg/dayolqlth. PAl Fub7]|2
A5E Qdoka AFFo) Fol|e Aoz Vet oy Al
2718 Az f23 Aels aisith

oAl %7), F7), 7] BAQ] gitsEE 9.75 + 3.60
ng/ml, 10.46 * 4.63 ng/ml, 10.71 * 4.14 ng/miG 2,
Hok A A 2AEYe) FEE 15.05 £ 7.04 ng/mlE ¢
Az7)e) GAsEE 719 37) 2 2x AR89 559
FoA zolE Bk Aol AP dAEEE
23.99 + 9.42 ng/mlE 2AY FikszHtt FosHA =
skch HIER By, 5= 9 271, 370, §71 242 479.07
+ 137.56 pg/ml, 310.96 + 137.56 pg/ml, 308.22 +
74.65 pg/miglon, ¥qt 24 2AYAY T+ 295.67
+ 93.36 pg/migith YAx7] BA9 vE By, FEE
%719} 37 9 B9t FAe] Fxgl {2A Aolrt e
Aoz Uepgon, Aol AtjdA ) el B, 5L
500.13 + 185.60 pg/mLE Z71¢} 37] 2 £t 279
24 o vla] FaA itk Aol AEH] 4
WrEE QA F7), 37) @ B 23 vEd &
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