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Table 1. General characteristics of the subjects (n=33)

Age (yrs) 30.33+2.94"
Height (cm) 161.03+4.82
Pre-pregnancy weight (kg) 54.58+8.34
Pre-pregnancy BMI (kg/m’) 21.00+£2.77
Weight gain (kg) 12.85+3.50
Pregnancy BMI 25.38+4.29
Blood pressure (mmHg)
Systolic BP 112.74+12.41
Diastolic BP 67.30£11.84
Nutrient supplements (%) 28(84.8)%
Iron 24(85.7)
Calcium 3(10.7)
Multivitamin 1(3.6)
Duration of supplements (mon) 4.73+2.38
Delivery type
Vaginal 22(66.7)
C-section 11(3.3)
Y Mean + SD

? Number of subjects(%)
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Group

p-value

Total
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Anemic
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Normal

11.25£1.55 < 0.0001

12.22+0.75 9.6+1.08

Hemoglobin (g/d¢)

< 0.0001
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35.86+2.11
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Intake for Koreans 20052 U2 oo oyxZ a3+ FEER
Estimated Energy Requirements)< 92102 923t oyXx AuzF F719

Bol @ mAzAL A aFHE AU FAForRE FA9
byl
=<

UAgd e +4%F 1900 s 722 3 7I&A = 1/3727] 1900 kal, 2/3% 7]
2240 lal, 3/3%7] 2340 kal oAk, ole] wWE HE AFHFAY UA 377
quA D8 FA Fol e AA¥ELS A GFAFH 7]+ (KDRIs) 9
91.07%, 91.91%, 82.47% = Y E}yET}
A AFAY BAF AFoe= AAT FEY ¥ dA =7, T, $719
AP AHAHFS 1870£6.01 mg, 18.92+12.54 mg, 17.76+4.53 mgo] L T}.

2 8 F(EAR : Estimated Average Requirements)< 7 ¢l o]

A EARY| 75 mgS ©yd o2 185 mgol™, YAF o AAAHHZFRI :
Recommended Intake)2 AJ¢lolAd 9 RIol 10 mgS © ¢k 24 mgeolth. ¥ o
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el $719 QA Fe EARS FAFSE o RI 24 meol 20 % v A

AE T A AFA+ 7] 15751354 mg, $7] 52.72+36.345 mg o=

A Z7E gAY AAHAFE 293.0449556  pg, 281.15+11891  pug,
267.81+95.82 pg= KDRIs® A% oA i+ o= 320 pgol dAF
oA F7FE = 200 pgs WF F 520 pgoll LA v A

Al =719 "W B AFAEFS 31111 e Row, T8 U=

w

01+0.9 pg 2.84+1.3 pgo = 3t 299 pgol vk, KDRIsY AQloA
A 20 peoll AT F7MEF 02 pes T 22 g 1359 45t A
&

2.4 pgoll F7HHS & 26 pgr vt wol HH S

th(Allen 1999).

2
32
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Table 3. Nutrient intakes of the subjects (n=33)

Nutrient intakes

Ist 2nd 3rd Total

Energy (k) 2086.25+286.05 2058.72+326.82 1929.82+233.77  2030.65+195.32
Protein (g) 89.21+£24.38 86.25+20.65 80.55+12.71 85.43+9.89
Fat (g) 62.01+£19.76 59.95+11.80 54.771+18.81 57.81+11.62
Carbohydrate (g) 308.88+64.93 310.47+66.20 298.72+53.00 306.13£29.99
Iron (mg) 18.70+6.01 18.92+12.54 17.76+£4.53 17.96+6.21

Supplement (mg) - 17.57+8.54 52.72+26.35 -

Total 18.70+6.01 36.48+17.92 41.43+19.01 35.26+15.39
Vitamin B (ug) 3.11+ 1.16 3.01+ 1.41 2.84+ 1.32 2.99+1.32
Folate (rg)  293.04+95.56 281.15+118.91 267.81+95.82 283.53+£58.01
Calcium (mg) 732.32£199.39 798.98+272.83  727.44+250.74 746.93+137.79
Phosphorus (mg) 1229.55+328.38 1233.99+293.24 1293.90+241.11  1267.84+127.79
Vitamin A (RE) 1024.67+802.51 898.11+414.78  886.01+472.84 951.29+329.92
Vitamin B; (mg) 1.39+0.51 1.46+0.57 1.56+0.59 1.49+0.32
Vitamin B» (mg) 1.42+0.44 2.17+3.00 1.48+0.36 1.72£1.02
Vitamin Bs (mg) 2.62+0.80 2.35+0.95 2.26+0.67 2.44+0.43
Vitamin C (mg) 141.47+89.61 142.03+79.61 222.58+147.85 166.92+63.35
Vitamin E (mg) 14.67+8.79 11.71+4.770 11.26+5.80 12.70+£3.98
Cholesterol (mg) 447.22+330.67  372.98+223.16  316.12+£160.69 378.05+119.61
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o AT el o] FojAof & Aol

QA H =2 Ahn(2000) ¥ Lee 5 (2004a)% o] X L3k 134.3 pg ¥ 230.8ug
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Table 4. Concentration of serum iron and ferritin in the maternal

and umbilical cord

Maternal Umbilical
F-value
1st 2nd 3rd at term cord

Iron ab Y a b c «
(1/d0) 124.27+£57.77% 97.03+56.67" 94.32+54.31" 145.52+62.46° 222.59+82.62 12.11
ug/ax
Ferritin . a a a b «
(1) 0) 22.68+16.27" 11.09+9.37" 14.18+10.72" 24.54+1851" 184.35+108.91 60.29
HE
P < 0.0001

abc : Values with the different letter are significantly different among

the trimester at p<0.0001
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Figure 1. Change of iron levels in the subjects

Ferritin
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Figure 2. Change of ferritin levels in the subjects
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Figure 3. Concentration of iron in the maternal serum
ab : Values with the different letter are significantly different among the

trimester at p<0.0001
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Figure 4. Concentration of ferritin in the maternal serum
ab : Values with the different letter are significantly different among the

trimester at p<0.0001
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Table 5. Concentration of serum folate and vitamin Bji2 in the

maternal and umbilical cord

Maternal

Umbilical
q p-value
1st 2nd 3rd at term cor
Folate ) . . . b
9.75+3.60" 10.46+4.63*  10.71+4.14"  15.05+7.04" 23.99+9.42 <0.0001
(ng/ml)
Vitamin
B2 479.07+137.56* 310.96+137.56" 308.22+74.65" 295.67+93.36" 500.13+185.60° <0.0001
(pg/me)

ab : Values with the different letter are significantly different among

the trimester at p<0.0001
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Figure 5. Change of folate levels in the subjects
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Figure 6. Change of vitamin Bj2 levels in the subjects
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Figure 7. Concentration of folate in the maternal serum
ab @ Values with the different letter are significantly different among the

trimester at p<0.0001
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Figure 8. Concentration of vitamin Bj2 in the maternal serum
ab : Values with the different letter are significantly different among the

trimester at p<0.0001
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6. mAS Aol ANAFe] AY @ Ad sroe] FwA

A ep Aol ApE A e dEd dAgd wreke] ¥ Table 601 Al

Attt Aol AqERe ARFEE 94 F79 ARFEGE fo4

ro
o2
lo
o
i
oX,
o
e
2
o
L
(S
VAN
o
o
—_
P
N
fo

Table 6. Pearson’s correlation coefficients between maternal and

cord blood in serum iron and ferritin levels

Maternal Blood

1st 2nd 3rd at term
Iron 0.010 0.019 -0.201 0.552"
Cord
blood
Ferritin 0.280 -0.011 0.168 0.037

" : Significantly different at p <0.01
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A7 BAL} AAole] HE JUFEHE Hrl A4 =2 Dawson &

Ganity (1987)2 At=e] A& A 7F A Aote] AE JF gl IFS

4 wedn sgom, BAt FAT AR BFPHs} oS 24 A
AAoke] AR ezt mAe GFgEel APHoE L WA ¥E A
o2 Hag vk 9dt(Stekel 1984; Dallman 1989). 1# 1 o] ¢} wiojx &= 2
#= Maria 5(1993)2 EA9 ESEZRTEE AMAole Fra=zn H

dlmfE A EX S o @A Jvhal B s ow, Milman % (1987)%
AAote] AEAZLE AR HE A &Aool Y. Lim &

Kim(1998)¢) QA1%% uaom 4as wgie Ao Agde Ay
FgeE Mud Aol aw AN AL FYYHE 4 BB
Agate] gom AEERY Hotze A olFo] FEPANE AGste] Ao
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7. A9 Aot AdERF ] 44 H v Bipes = AaA

Aok Aol AvE ] GAatd BHEY By =9t w4 Table 7.

of AAeAT. Aol AdEH ] AT A 2715 Adstan 44l

7], F71(p<0.01) B FRA EAH (p<0.001)e] FEoF FAQ %o A
HAE B Aot AE A HlEY By Ee 94 271(p<0.05), F
7] (p<0.001) 8} & WHAI(p<0.01) EAE Ao v e B & FoA9 S 4
A S Bt 5 42 F 2AY vER B X7 209 Ao d oo
HEYl By 5% E0v AdE AA ST 35

Table 7. Pearson’s correlation coefficients between maternal and

cord blood in serum folate and vitamin B2 levels

Maternal Blood

1st 2nd 3rd at term
Folate 0.047 0.619" 0.604" 0.740™"
Cord
Blood ) . x s -
Vitamin B 0.423 0.692 0.307 0.654

T ¢ Significantly different at p <0.05, p <0.01, p <0.001,

b ’

respectively
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RA e Aol A FE=Y AuBAE A3 Frery 5(1992) At d
e PlEYl B s=7F RART 2738 A yEtwe {FoA el o A
T ol ot Bas gl o™, Guerra-Shinohara % (2002) Hgh A 9F 214
obAI N E A o HEW Bip wXEARolol] frol Al kel F¥A el vk dlo
2o ARE B B dToAE Al BUIEE va Zelrh AR B
Aok Aol AP A Abolol] FoH GO FHuAdS HAoH RAYE Bt
Aol A w=7F FdHor =A deun. ErbAs Aol A
HEAF] g3 HER B vEv +WAd RAEAHY wEHT 77
1.68), 1.79] ==o} Huber 5 (1988)3 Baker % (1981) % Guerra-Shinohara
5(2002)°] et FAFSEH o™ Pardo 5(2004)¢] ATl A= Ejure] ¥ A
FAF B BRIl Bpe REASTEEY 4o w w9 Hag v Qv w
kA B opx 2 o] At
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8. Hb ¢ Hct 9 WIAA7|E AT AT NI

]
o
off

Aok A 239, WET 1080l e AT A 27 dA EE
TEv 27, 71, 71 2 E9Alo 12257+51.89 pg/de, 81.21+41.04 pg/dl,
88.95+56.10 pg/de, 154.60+67.47 pg/deo] Atk RIE o RAle 3 HEF
T+ 114.40%+60.24  pg/de, 48.25+18.78 wg/d, 80.60+54.74  ug/dL <}
122.83£86.10 pg/deol L aL, Aol AN EA =+ 236.40+60.14 pg/deo] At

dAl T mAlY 24 HEw=

s

Aogwel mATO M fFoHoR ¥

Ao 84 HAEd wxe oAl

7|E = Zb7b 26.10+14.45 ug/ ¢,

Al

12.70+10.08 ug/ ¢, 16.44+10.70 pg/ ¢, 23.83+10.60 pg/¢ ol om, Al Ao}
AAH e #Hee FEE 204.15+£113.72 pg/ 2 ol Q. Al F 7] (p<0.05) <}
oA (p<0.001)9] 8 #AgE vx= vdaty vlud o HAdto] fo

Ao R =gkt
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Table 8. Concentrations serum iron and ferritin in maternal and

umbilical cord by hemoglobin and hematocrit levels

Maternal
Umbilical

cord

1st 2nd 3rd at term

Normal (n=23) 122.57+51.89 81.21+41.04 88.95+56.10 154.60+67.47 218.53+89.32

Iron
(ug/dl) .
Anemic’ (n=10) 114.40£60.24 48.25+18.78 80.60+54.74 122.83t86.10 236.40+60.14
p-value 0.544 0.042" 0.747 0.435 0.462
. Normal (n=23) 26.10£14.45 12.70£10.08 16.44+10.70 23.83:10.60 204.15+113.72
Ferritin
(ng/ 2)

Anemic’ (n=10) 14.82+18.22 7.3246.45  4.68+255 26.32+32.41  113.08+46.52

p-value 0.359 0.195 0.010 0.0009" 0.095

: Hemoglobin (g/d¢) < 11 or Hematocrit (%) < 33

© " Significantly different at p <0.05, p <0.01 respectively

- 33 -



AEFe HuEagEd 7EA

=

150 g A

RELY

e}

e

]

_ﬂo
o)

=

—_—
o

iz

Y
BR

—_—
o

]

o] X

o}

B
ub gl

UElY Lim & Kim(1998)<]

FoAow w7

7 ol A

EIRSA=,

%= Lim &

HAIF-9 11.2 g/dl, 34.8%

1
Mom, Bai 5(2002)¢ 119 g/d¢, 354% KXttt thad 2k th. Klebanoff

11.25 g/deek 33.43

- T =
0 =

AutEAYE

3

A}

o
IT

19 3/327]

X
N

o

X

Kim(1998)©]

p==
o

7w A A 5 o)
¥ v} 9 th(Scholl & Hediger 1994; Scholl

A7

o]l—‘:
- 34 -

A EFEH I FHuEAYE ]

A A7

o

fu

o

=

=

s (1991)
7}

=4

1

°
pal

=

Z Z]
|

& Reilly 2000; Rasmussen 2001).
5 o

(1991)¥ Lu

alr
=



T
.Ll’ -
g ' ° ]
BE ol zwo )
A = e i
K
5 E 5o ERN
T S 5 2 1 : ol
R = < 2 S oF ML a9 " -
: 3 <= G o T T P
T & =z ol oy O oF ojp GG B Ho
N % Z.o To OW —_— = ooyl
.%E ol E o el L xr 1H W < = _ o ‘ul
7 0 3 o S a N i D < Z G
° ~T 0 3 oF o — <0 D - n- 63 o| = ©
N 0 . X _H N ~ ~ — = o0
y w@m ﬂ@ggﬂm momwiufmmam = o
_ = < 4 N A- * = ] oy e )] o = ) o
IR RERED mo@Wﬂ%@h> -
R i x ¥ = 8 X oF = = < Mo o T S + W
) 5 Lo o= < = g ul] o o oW Nfo S ol :
) = ny I 50 Ho AN oy Ak 5o nowe - ¥ ]
o) 0 \_Iryl i (@) A ,m_ﬂ % 50 i~ <0 i) 3 2 ,.&-M
= - C < < G v & ) — by
X = i ST =0 = < — ' =
< S — - il o 1 A N o =0 s
o & R L Tk 5o X = &g 5 E
=K x° G o = Ik g - % il 2 mw s S < m am ™
M i ftjlg Lo < S T
- % A o O o o P = 2 = A oy H
= < Wox _ | M = = i © 0 S ol =™ S0 X
o b 5 R B iolﬂ = & #o.ﬂarﬁﬁ
o8 g o] ot o o B X B < oE . my e — A
- o _ o) B - N R Il < ~On = E M pri ° o
,Mu o 3% Gl ;oT oﬁa _Y ° Py =0 o) S ~ JJJ HL ‘ul o) T
M Z__Pg SN 2 8 A %o.%q J a O
= o o™ S — = S \V, o © o .
w M N ° ~ ~ < . = B I ok ojn
o mﬁoﬁo@%zﬂoﬁz g ﬂﬂmﬁcag,@ﬁm
< 3 T e o < é]D,m moﬂoorq Yo W & X g Y
o aa T ® ™ X o = T — B BX o ~ X ) =y =
o X O# :_.L oH ~ ‘Mﬂ 5 = wAL EE wlA_.O Y <0 X = h:
=P — ) o \Y4 BL = g X° o ok ﬂu ~
pl ) 20 N it o —
o 2 ¥ 3 2 £ & = s ® P s T T o X =
H ~ S s = < 5% B Moo o ol %0 = o % iy =
<8 ™ w o o =B ol Ho ol o R = U 2R
— o0 — oH ﬁ o B T To — o) T _ ~ DN
%sme %eg@ w oqugy
38.meﬂ gq@gg@%&; fo . 3
oy T o X TR I a N Nlo W B
NI~ 5 T == G X k) o Ho oF o —_
X o o o L» = = ok X X o Ho
w o o X IS e I TR e
ofn X o <0 ) o ] ~ e
v & o T e =
- 7 ﬁ,_ ok = = - ML _
= o - _ 0 5
"o RO ol m & F Box
1 = aK N
‘_l_ﬁmO —_— ‘_Ir.Vl HE ;OT
T R W -
X BN
oH ™
Nlo

- 35 -



|

e
~

I

oj

zel

83
e
~

o)
e

p—

0

N
o)
oF

I

i

~

Bl BN B w=ok A E 7

27 9]

Al

—

A 557

l
=

==
o

3 (p<0.05), A1 Ao} A

% 0.

_36_



Table 9. Pregnancy outcomes of the subjects (n=33)

Maternal
Gestational age (wks) 39.59+1.10"
(day) 277.27£7.95
Weight gain (kg) 12.85+£3.50
Newborn
Birth weight (g) 3383.94+392.87
Apgar score
1min 8.73+£0.67
S5min 9.61+0.56
Sex
boy 17 (51.5)"
girl 16 (48.5)

Y Mean + SD  ? Number of subjects(%)
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Table 10. Pearson’s correlation coefficients between serum Iron,

Ferritin, Folate, Vitamin B;2 levels and pregnancy outcomes

Birth 1 Apgar 5 Apgar Gestational = Weight
Weight score score age gain
1" st -0.257 -0.270 -0.415" -0.023 -0.024
2" nd -0.068 -0.070 -0.057 0.166 -0.057
Iron 3" rd -0.014 0.116 0.111 -0.203 0.216
at term 0.199 0.081 -0.177 -0.105 -0.275
cord blood  -0.149 0.071 -0.117 -0.367" -0.445"
1" st 0.013 -0.285% -0.127 0.010 -0.007
2" nd -0.131 0.026 -0.028 0.084 0.073
Ferritin 3’ rd 0.015 0.084 0.215 -0.208 0.290"
at term 0.313" 0.101 0.324" -0.185 -0.194
cord blood  -0.313 -0.099" -0.273 -0.016 -0.317
1st 0.179 -0.309 -0.174 0.199 -0.09
2nd -0.126 0.022 0.102 -0.068 0.174
Folate 3rd 0.085 0.008 0.157 -0.168 0.254
at term 0.001 0.058 0.091 -0.251 0.077
cord -0.020 0.001 -0.004 -0.016 0.072
1st 0.125 -0.201 -0.089 0.457" -0.239
2nd 0.017 0.019 -0.195 0.209 -0.256
Vitamin
By, 3rd -0.012 0.098 -0.021 -0.373 -0.028
at term 0.091 0.101 -0.130 0.071 -0.325
cord -0.071 -0.053 -0.462" 0.283 -0.161

", 7"t Significantly different at p <0.05, p <0.01 respectively
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ABSTRACT

A change of serum iron, folate and vitamin Bi2 concentrations of

maternal and umbilical cord blood during pregnancy

Jang, Hey Mi
Department of Food & Nutrition
Graduate School

Sungshin Women's University

Anemia diagnosed early in pregnancy is associated with increased risks of
low birth weight and preterm delivery. Iron, Folate and Vitamin B2 are
essential nutrients important during pregnancy. This study was conducted
to evaluate the iron, folate and vitamin Bjz nutritional status of Korean
pregnant women and to investigate the relationship  between
maternal-umbilical cord serum folate and vitamin Bi2 levels and pregnancy

outcomes.

Subjects were total 33 pregnant women who have maintained healthy
status without nay symptom of pregnancy complication during pregnancy.
The mean age of the subjects was 30.30 y, the mean height was 161.03

cm, and the means pre-pregnancy weight was 54.58 kg.



Dietary intakes of the pregnant women were estimated by 24
hour-recall(3 times). Means of energy and iron intake were 2086.25 kal,
2058.72 lal, 1929.82 kd and 18.70 mg, 1892 mg, 17.76 mg respectively.
Folate and vitamin Bz intake were 293.04 pg, 281.15 pg, 267.81 pg and
3.11 pg, 3.01 pg, 2.84 ug respectively.

Serum iron, folate and vitamin Bi2 levels in maternal blood and umbilical
cord of 33 pregnant women at 1st-, 2nd-, 3rd- trimester and delivery were
measured by RIA (radioimmuno assay) and CLIA (Chemiluminoscence
Immuno Assay). Mean of maternal serum iron levels of the trimester and
delivery were 124.27 peg/de, 97.03 pg/dl, 94.32 pg/dl, and 14553 pg/dl.
Those maternal levels were significantly lower than that of umbilical cord
blood (22259 pug/dl). Serum ferritin levels of maternal trimester and
delivery were 22.68 pug/ ¢, 11.09 pg/ ¢, 14.18 pg/ ¢ and 2454 pg/ ¢, which
were significantly lower than those of umbilical cord blood (184.35 ug/
2 )(p<0.0001). This prevalence of anemia of total subject was 30.3% by
WHO criteria(Hb < 11.0 g/d¢, Het < 33%). Iron levels of 2nd-trimester
was significantly higher in the normal group than in the anemia group.
And ferritin levels of 3rd-trimester and delivery was significantly higher in
the normal group than in the anemia group. Maternal mean serum folate
levels of the trimester and delivery were 9.75%t 3.60 ng/m¢, 10.46+ 4.63 ng/
ml, 10.71+ 4.14 ng/m{ 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 Bi2 levels of maternal trimester and delivery were 479.07+

13756 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/m¢). This finding indicates that the uptake of folate and
vitamin Bi2 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 Bi» 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 outcomes. However, maternal vitamin B
level at 1'st trimester was significant positive correlation between the

gestational age except for birth weight and weight gain.

Therefore we suggest for successful pregnancy outcome and delivery
differential iron supplementation program will be carried out individual

pregnant women on the basis of pre-pregnancy nutritional.
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