o 3t x] AL 3] F ks3] A 8(6) : 814~821, 2003
Korean J Community Nutrition 8(6) : 814~821, 2003

YAl 2A -

AN u ek ohel g} A} AF

W &% T A

AR S 4F st

The Relationship between Zine Concentration of Maternal,
Umbilical Cord, and Placenta and Birth Weight
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ABSTRACT

The purpose of this study was to assess the maternal zinc status during pregnancy and to evaluate the relationship
between the zinc concentration of maternal, umblical cord blood and placental tissue and pregnancy outcomes. Venous
blood samples were drawn from 53 pregnant women just before delivery and the cord blood of their newborn babies
was collected immediately after birth. In addition, placental tissues were extracted. We investigated the difference in the
concentration of zinc in maternal, umbilical cord blood and placental tissue in two gestational age groups (preterm
delivery group [PT] and normal term delivery group [NT}) at 34.7 wk and 39.0 wk of mean gestational age, respe-
ctively) . We also assessed correlations of the zinc concentration of maternal, umbilical cord blood and placental tissue.
Lastly, we studied the correlations between the birth weights and the zinc concentration in the maternal, umbilical cord
blood and placental tissue. The concentrations of maternal serum zinc and of umbilical cord serum zinc were significantly
higher in the PT group (76.9 + 374 pg/dl, 101.3 = 414 zg/dD) than in those of the NT group (57.8 £22.4 pg/dl,
80.7 £ 27.5 pg/dl), respectively {p < 0.05). The zinc concentration of the umbilical cord blood was significantly
higher than that of the maternal blood in both groups (p < 0.05). There was no significant correlation between the
gestational age and the serum zinc concentration in the cord or the maternal serum. Our results showed that there was a
negative relationship between the birth weight (r = —0.286) and the maternal serum zinc concentration. Despite there
not being a significant difference, there was tendency for the highest concentrations of maternal serum zinc to be asso-
ciated with the lowest birth weights. These findings support a possible relationship between the maternal zinc status and
the pregnancy outcome, and suggest that zinc may play a role in the many biological processes involved in the
successful outcome of a pregnancy. (Korean J Community Nutrition 8(6) : 814 ~821, 2003)
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A2 AAE L e Merialdi 5 1999; Tamura & Gold-
enberg 1996). Z#v}, A9 oldEss} oA, A
Aole) EAA AF L JxZARC] FJBAYE AR AT
S0l dA1d AAE yeR L 1A gtk Jamesono] %
Aolg B9 AR EOA TjokE £ AIR SR
o 849 HH old TTUF o WSS By o|F R
(Jameson 1976), Singh 5(1987), Neggers 5 (1990)
T 2Ae] dolAwrs} Aol EAA] AT The
ABAE Btk $H8, McMichael 5(1982)&
A F71ef BA PolAsTrt HeErh £& 750l
2FgU AR (IUGR) & Barslelal, Metcoff 5(1981),
Odland (1999), Neggers (2000)E% 2414 ol 5=
o} glopg 2 o] FAYA] AF 74 S )
NS BE3T) o9 o) dAFH oA X AFEHNE
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T Alote] Al W BA| 2R AFel| v PEkS
g38] ogfsl=t] ofEgol Qltt

ey, A7l BAGA ol B Zo] AAEo] BA2
oA I MMEE Efore] A7, A7 Y
AAote] A AFo] FUIHE Bud AT7E(Garg T
1993; Kynast & Saling 1986; Goldenberg 5 1995;
Merialdi 5 1998) 27¥], ofdo] ¥l YAAT} ] &
Hel W2 AEEE Bl TR 9TE 5, ¥HEE B
Ao ofAdirbLEZY AAFE BIES A A YA
of FFE vA 4 vty AZEL) o]of] B AT
B2A49 ol AU ol FEF EA kL A
71Zbe W& E2A, et L Ao} A oldwLgl
A ote] A AFtel g Esku sl

o 1o

i

o Hr

=

TN % g
1. TN R 04

o
e
J
%

AEN717t 3775 71FOE 3} 37~41FE W
(Normal term delivery, NT), 375 ujgk& x7]
(Preterm delivery, PT) o2 T#3}3ith
RRRRECE 507, Z7ETRreR 3090l B
u, 25 @ Adige] 83, AojzAl W HERALY vE

Wi - Qg - 81s

3 i 5o] o]f 2 27%0) tidAelN AH T, HFEH
o2 971Ent AR 279, 7R QAN 26T 1
E9] AAolso] AFthaAtE ARSI W9 Z7)1E
T JARELS BF AN F HE BEFAE 5L

2. 2¥H B34} Ao MY A

QAR (A, dA A AT, A, DA F AF T,

14o}(/38, 248 Al AF, Apgar A

e
142

[o]
pany

o -
g
o
r>~

P9 WA 54 ARE 27 F G 2EAS
$9 Auugs 1871592 Fa) Ak

=]

A F BAQ) o) AR WFAFHEH I (Se-
miquantitative food frequency questionnaire; Sempos
1992) 22 ZARISIT Aol dHZALRS] AF 52 F
907HE Z+ AFel dist AN 18] AF 7EFE @
28] pgEolA Arshs £FS ol 88lon, 5%
off tigt 13] AFu1ES AR AFHZCoE glsiith
AA QA 717 F AFNEE WY 43 o), 33, 23], 1
3]} vl 5~63], 3~43], 1~23] 12lx vd 2~33), 1
3], Ao 1~23], d3 AHsA] FFo= 3l F 117}
A2 FESch WE Al A AHAF ZAE A A
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3kth o]AE 20 ml volumetric flaskel &AA $FF
E BAZA] 71ste] AR R ARSI ofde] Ak
AAFFYE ol on, AeE 7171 AA-6601F
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Table 1. Clinical characteristics of the subjects
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Table 1°] ¥ AFod Qalx-eb Aot 943 54
& A 27| 9AR(NT) 8 271948 (PT) 7] 4
74%, A%, QA AF L GAA AF SIS 42
29.4 + 2,64 :30.2 = 3.24), 160.9 = 4.5 cm : 160.4
39 cm, 534 + 6.1 kg : 535+ 7.1 kg, 2 12.0 £ 3.9
kg : 11.5 £ 4.0 kg2 2 Z w7k 28t 2jo]7t glgleH,
BF Adslel &aisich

FE719) olgbr|9] Bt k] A NTH2 242 121.9
+ 14.4 mmHg$} 75.0 + 10.7 mmHg e & PT+9} 119.9
+ 16.9 mmHg, 73.5 * 16.2 mmHg®} #9% 2}0)7} Q)
9\1_0_01], _'T:_ T DC o]-z—]z%o] tH_r]oil;]. u:!i(- 01/\]7]7}~
NTZo] 39.0 £ 1.0FZ PTFY 34.7 £ 1.4F 2} #9
Ho g ZcHp <0.001). P& AT alPe NTE
A 55.5%R 01 PTEIME 88.5%%F Hth

AAote] S B NTZEE dolbrt 1249, oot 15

NT (n = 27) PT (n = 26) Total (n = 53)

Mother
Age (yrs) 204 + 26" 30.2 + 3.2 208 +29
Height (cm) 160.9 + 4.5 160.4 = 3.9 160.7 = 4.2
Pre-pregnancy weight (kg) 53.4 + 6.1 535 +£7.1 534 = 65
Pre-pregnancy BMI (kg/m’) 20.6 + 2.1 20.8 + 2.7 207 +2.4
Weight gain (kg) 120 = 3.9 1.5 = 40 1.7 £ 3.9
Blood pressure (mmHg)

Systolic BP 1219 £ 14.4 119.9 + 169 1209 = 156

Diastolic BP 75.0 = 10.7 73.5 %162 743 +13.6
Gestational age (wks) 390+ 10" 347 + 14 369+ 25
Morning sickness

Yes 15 (55.5%) 23 (88.5%) 38

No 12 (44.5%) 3 (11.5%) 156
Neonate
Sex

Boy 12 16 28

Girl 15 10 25
Birth weight (Q) 3,309.1 £ 416.1* 2,509.0 + 437.7 2.916.6 + 584.6
Apgar score

1 min 87 +05™"" 80+08 84+08

5 min 7 +05™ 80 +08 9308

"Mean = S.D.

=+ Significantly different between NT and PT at p <0.001
NT: normal term delivery
PT: preterm delivery



Hol3w, PTH dolrt 169 ootz 10903tk 24
Al AFELE NTT 9otk 3309.1 + 416.1 g2 PTE %
ote] 2509.0 £437.7g2 2 fFold oz =drhp<0.001).
T3 9A F 2AL ASSHEE 99 AR, Eudd ¢
Aol A AFe} 24 F Aol
A=e] it ¥ bsE, 259 13T 9 F5A2] 5714
SHELS 107 w9 sexlR %713 Apgar Scorex F
B5 73 ooz e Ak 183} 58
A NTZ Jol} 22t 8.7 £ 0.5, 9.7 + 0.58 PTH <o}
9] 8.0+0.8,8.8 £ 0.8}t 422 ETHp<0.001).

2. YN[ ofyRI2 of M

Table 20142} 2o] Q4717 F B 19 o= A=
NTF) 4ol 2177.0 £ 568.5 keal, PT o] 2087.1 =
626.7 kcalE 77} B 97%8} 93% FFOZE PTH
o] o= AH7t oA e FEFS B3lo) Fod z)0)
E Q1) o] & A= Park & Ahn (1999)0] B w3k
R 1Rk 271ERE alie] AF=R1 1986 keal (88.3%),
1762 kcal (78.3%) Hth= vtk 2 FFoIR o 18
Y Yu & Yoon $(1999), Song & Kim (1989) &} Ax}e}
T ke, oa diRs AR 78~94% T
o] A& HFHR= 2oz FAFETHJohnson 1994).
chlE 430 ALs NTT2 78.7 + 259 g/d, PT#&
746 £ 24.1 g/d2 F & BT 9wz 3 70 ¢
F3shs FEeINed, 4 13 /FF 2ol7t flSlth =
3 TEA oAy BT AdFugo] NTEH
PTTolX Z2} 45.7(%) : 54.3(%), 47.0(%) : 53.0(%)
25 T RS AEA duldo o gmla qFu)go] o}
A ESIT

ofd AMFH AL NTEo| 94 = 2.8 mgo & PTF9

Table 2. Energy, protein and zinc intake during pregnancy
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9.4 + 2.9 mgs} #g 2ot A F F BF ofdd
Y 72% TE& AFAAT, FEAY AFA o9
AZH|EOI(NT : 43.6%, PT : 405%) A1EA AlEo)A
o] o}AAd# ®]S(NT : 56.4%, PT : 59.5%) 2.t} &4k
), ofd/A o] Hlgo] NTIZOA 0.12, PTEelA
0.13& Yehdlth o} 9T NTZoIA 4.3, PTTA
4.7& YERt

B A7zt ofd AFHH (9.4 mg)2 ArEE A
AR 9 ol AdFH3AR) 6.9 mg (Ahn % 1996) 7
A Aaelad F248 6.37~7.03 mg (Yu & Yoon
1998) 9 A& AAAAY FAIF2] FHHA 7.68 mg
(Ahn & Park 1999) Bt} tha E4th 21Fo)x] 2AF B
T JAR old HHF ARE B, HFY 7 me/d
{(Merialdi 1998), ©]=2] 11.1 mg/d (Scholl £ 1993) 2.
Z B3 F9ith o)g} o] vt v|Es dAAIR e
2 Qa9 ofd HFFHo] AFF(13~15 mg/d) Bt ot
2 Y2 A3 58 1olx 9], 1A old A¥el =
&9 7Fs/dol gleng ol mE FFEAHY o] 5
2 jojo} & P g Ao] A7)t

3. DAjet NOjE 2 HiHIRAIY of

B A7 950 3985 AdE 2 Rk
ol FL 9] BA A= Table 37 Zth B A7y ¢
ARl F3 A o}d FEE 67.2 + 319 pg/diolgln,
NTZY A% 57.8 £ 224 pg/dl, PTZS] A% 769
374 pg/diE NTE0] PTIo Bl&l fzos yopr}
(p<0.05). & AFEAE U - ellA g Palpe
Holdex ¢ vlwstd oha¥ Zrh Odland 5
(1999)0] B35t gjAJo} QAR 546 pg/dl, =E29°] ¢
AR 536 pg/dle] Hold Fruth th F& £F0]

T T AL

NT (n = 27) PT (n = 26) Total (n = 53)
Energy (kcal/d) 21770 + 568.5" 2,087.1 =+ 626.7 21329 +593.7
Protein (g/d) 787 = 259 746 + 241 767 + 250
Animal 37.2 + 183 (45.7%) 36.3 = 18.3 (47.0%) 368 *+ 183
Vegatable 415 + 13.8 (564.3%) 383 £ 13.1(830%) 399 £ 135
T mgry 94 r 286G2-150" 94 + 2949-157 94 + 28
Animal 4.1 = 1.8 (43.6%) 3.8 & 2.1 (405%) 39 = 19
Vegatable : 53 = 1.9 (56.4%) 56 = 1.5 (59.5%) 53 = 1.7
CZnc/Proten (mglg) 012+ o002 013+ o002  013x o002
Zinc density (mg/1000 kcab) A3 = 08(@B5-70) 47 = 1.4(31-100) 45 = 1.1

"Mean * S.D.

ZRange of zinc concentration

NT: normal term delively

PT: preterm delively

All data were not significantly different between NT and PT



818 - =A] - AU X whks] okl Yk el A%

Table 3. Zinc concentration in matemal, umbilical cord serum
and placental tissue

NT(n=27) PT(nh=26) Total (n=53)

Maternal

In (pg/d) 578 +224™ 769374 672+319
Umbilical cord

Zn (pg/dh) 807 £27.5° 1013414 908  36.2
Pacenta

In(ugl/Q) 338 84 381+ 82 359+ 85

"Mean + S.D.

+: significantly different between NT and PT at p<0.05

a: significantly different at p <0.001 between matemal Zn con-
cenfrafion and umblical cord Zn concentration

b: significantly different at p < 0.06 between matemnal Zn con-
centration and umblical cord Zn concentration

NT: normal term delively

PT: preterm delively

Table 4. Serum zinc concentration in maternal and umbilical
cord and placenta by gestational age

Gestational age Maternal  Umbilical cord  Placenta

(wks) In (pg/d)  Zn (pg/d)  In (pg/Q)

x<35 (n = 6) 631 +31.4" 1224+ 380 344+55

35 <x<37(n=20) 81.1 =387 950412 392=*87

37 < x<40 (n=21) 59.4 + 23.1 829 +285 34787

D <x(n=6) 51.9 = 20.1 727 £ 239 30.7 £69
"Mean + S.D.

x: gestational age
All data were not significantly different between NT and PT
Qo wl=(Hotz T 2003) 8] 941 FRE7] Ak ofd
F59 64 pg/dlg} £2uYole] Krachler (1999)7} B
2% 66.3 pg/digkE FAFE FFIHE T8, Kim 5
(19912 E02%9 Ao X o}d w59 A9, =
7)ERtoE ol 67.3 £ 10.8 pg/diE T )EToMER
T2 76.1 £ 86 pg/diEtt YRR B} H w3l
2 A7AAe} UE AFe Bt gditrez Qi
H]A e vls) dotddFo| Wi, JA7|zte] A
Holl wpet P9 ofAgrge] Mejd A dido] BaE
3 vk (Wada & King 1994; Hotz 5 2003).

¥ A72% PTEY ol s =7t NTToM e &
oz ¥ A3 (p <0.05) = Aej7|Zio] Hapgel ut
2} ZAlofl A eotellAl AEf7IZt] TE ofd 2wte W
7ol A= Yvidith F, Hiike F3 ok olFo] 3t
2F)A = Rog AZMHL) Neggers 5(2000) 2 zg
W AFHEJAUGR) 2 27183 710EE AAlE 24t
o] A2 WA Y FHoldsrs} B Yok sk &,
37sle Hlotel AN FAdsle de Al o —ferotopro-
teino] BAOA F=rt ST =W 27)eRh AdAd
1% 9 AT AR 22 34A QAEARE 29
sh=t], °]& feto—maternal barrier7} £A4HEoJA Ejo}

AN BHZ @ —ferotoprotein®] o}Fo] F7}5l7] wiE-
o7 Mgt ojst & EAHe «—ferotoprotein
(MSAFP) 9] 559 a2 ZAE YolA ofdz A
7Fe f28ty, o2 A3 EIo R olid olFo] Al
T vk ByEigich &, ofdE w3 el Bojste
2 Azt 71553 @4 (intergrity) ol L3128, BH9
ol A7} WA A placental—feto maternal barrier
BNE FEste] zrlEgtely 27 Jatatd s 2L 13
A Qaldne] @ ujE 5 YA He Foltt

Ao oldE el Lo, NTTo] 80.7 + 27.5 pg/dl
o2 PTT9 101.3 £ 41.4 pg/did) vjs) Fo)Foz
< & BUtHp < 0.05). Igbal S(2001) 9] vHZele|A]
AEAAN ZARE A oldEER] 85 £ 33 pg/dl
9l Krachler 5(1999)¢] B 13l £2HUo} 86.3 pg/dl
9} & A7 NTT9 AP oldz=s} FARKIE &
£2] Osada 5(2002)& 9|ETtolE Hubksk Atn 79
AEe] 2445 pg/d) st Z71ERIHE #9s AFR
T AdE 5465 pg/d)olX F F3F F23 2o
7t P& Hasl, E ATAY gelMRg F el 3
23] Fe olAFEE Bth WEsHre N 2R
of vjg] ANEe] %7t FAFHoR Qe HL ot
A7pshEA] ol s FEda-g ou|dith 3§ NT
T3 PTEOIN 25 A8 okdsert BAEA of
et} FoF oz F3hd FA3Hp <0.001) &= Krachler
5(1999) 9] AlEe] oldsErt BAEFY oldFEE
0 48% A= Fa< H1dt A7 fARE Aol o]g)
2ol AdEeMg olAFE7}t 1 F& AL ofdo] BA)
oA elotol|AIZ ] 5524 X1 A (active transport me-
chanism) ol 2J3}| olFHE AR Azt oz}, vtz
# 9] olAgEke NTFolAM 33.8 pg/dl, PTZlA 38.1
pg/dle g zt F3F F2st zol7t gldnt. ol Avj=
Osada 5(2002)°] B1g v|Egre] gtz3e] o}
QIR 45 pg/dl, ZIERRES 47.7 pg/dETt T
& FEoIUo 2T EREEA Enke) ofAdgo] bt
R GAshs AFeldnk. NT2 PTE 3ol 2aid
Ao ofAgEe] o3t xjo|E R oTZ Ae)7)
& AlRste] EA AdE 9 gtz oldFnE
H|wale] Table 40 AAIBIITE Aef7)zhel] wat a9}
AE 2@ B0 okl FEE Fo3 A7t gl
u, AEp|to] #E4E 2alel Aldd 2 glukza ) o}
A slafo] molx|E AS HATh Perveen $(2002) %
A 717ke] F7HEel oet A olds Tt Wold &
B3gk vk 913, ol fAl A 3E7]6] 2Al)A Elolo] A
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Table 5. Corelation coefficient of zinc concentration of ma-
ternal, umbilical cord serum and placenta

Maternal Umbilical cord  Placenta
In (pg/dD In (ug/d)  Zn (egl/Q)
Birth weight (g) —0.2859" (0.0380)  -0.0733 -0.1923
Maternal T
n (g g/d) - 0.06113 0.0586
Umbilical cord
In (pg/d) - - -0.1885

= Significantly different at p <0.05

Table 6. Relationships between birth weight and zinc conce-
ntrations of maternal, umbilical cord serum and placental tissue
(adjusted with gestational age)

) ) Maternal  Umbilicalcord  Placenta
Birth weight

n (pg/d) n (pg/dd n (pg/Q)

x<2500 (n=10) 77.6 %127 85.6+ 144 34.6 + 3.5

20 =xH0 760+ 77 795+ 86 370+2]

3000=x<300  gons g5 1005+ 96 36923

(n=17)

x = 3500 (n=8) 514130 102.0 £ 14.6 329 £ 3.5

x: birth weight

All data were not significantly different between NT and PT

2 oldle] ol5o] B PR oz 2SI,

4, DNje} N0 R EHEES] ofFE Y 4HY R B
MA| NF0Y Ay

z} 23 79 oldEEzre] ] 9 Ao EAA
A5 4BAdE Table 590 AABIGITE BA2) o}dF
ST HgY oldsns U AldiEe ofdsngd folE’l
dEdol Aot Alore] 2] Alsis FEd &
o #AE BHp € 0.05). 18t Al old s}
Buke] ofdE b, 183 ol A|&SE Aot 28X
AZF3telli= ok FoFA AAES BEsHA] Ik
Bloxam %$(1994) 3% Neggers %(2000) & Al Ao} A=
7 249 olAdFEst 32 Aol USS Bk

3HH, Singh £(1987), Neggers £(1990)2 ® 9
FHolAFEet Aol AFhel oFe) iAol les &
It 0|22 ANt A ATFE Ak A
717k} Ao)7t vHEdiM 71 R Uth &, 59 A
AHE Rudt AFEL T2 dAD7]ef s AF-5o]

Aegch, webd, Qalol AW ZAl ollsErt
Fastme, QUFlel HAxrluct okl FEst 94
Sol7) gk, BAAN B olle] B Holollz
© 9 oldd o)Fo] g HEHAL Jvlstm, BAY ¥
93 oldrEE WPl F83| Z715 23 Hotol

wjg@s - 24 - 819

2 o2 uptake 7|del AgS FEHA He oz A
Zteleh, AAote] FAAl AT A7zt 7H B G
g W= Aog gejA glth(Allen 2000). oFd P
Bi7} AAgote] EYA] AT AAudt JIE FEItE
o}R7] faiA A7 WeeE AAT F =39
ol gz 2 AFTH JBEE EAE] £ A%
EAA AT et 2 A 2L Rk ojdgEe
AR R Fogt o)zt ¢t (Table 6). 1e{vt BA]
o] 84 ofd FHF2 Ao} AFo] FEFE Fad
AL RIF 53] 2500 g nwl Fold 1 5

A =0k 3 AYE ofd FEE AFol STl w
2t $7F A%S Yl 2500 g vl A%l 7
@ T8 HAFL

'~ O.

12

<

o

1o
L

3

1
==
s

o]
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12
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48

ol H T P9 o} FUIIHE FAIsk AE7IRE
off W2 2, gtk 2 AR oA wEe} Aot &
A AZE] AUAE ZARE Ay v 2,

1) SRR e} 27| E bR o] A7 2H2t
39.0 £ 1.0} 34.7 £ 145 k. 4lA¥ote] A #AF
2 )RR A 3309.1 + 416.1 go B Z7)|Eure)
2509.0 = 437.7 gt} F-9H oz E3%H(p<0.001).

2) YA F FHE 1Y AUA AHE A7)l
2177.0 £ 568.5 kcal/d® Z7]5-vHEe] 2087.1 * 626.7
kcal/d Bt} tha =9kor} {olst ol itk ©hA
N Wy 27) Evkde] Zhz 78.7 + 25.9 g/d,
74.6 £ 24.1 g/d& FFHSH 7 T FoF Aol Ho)
2] A3t o} A wwiEnrd FrlERktel 47t
9.4 + 2.8 mg/d, 9.4 + 2.9 mg/dE A8l 2 23 F9
3 alo)E BolA] st ofd/dhiia u)g ¢ ol
)RR 27wl 247 0.12 2 4.3 0.13 2
478 7} F3F Ko 2lolE Holx] oskr)

3) BAE 2L A9 olds e 27| R FolM(76.9
pg/dl 2 101.3 pg/d) RN (57.8 pg/dl H
80.7 pg/d) Bt} FoF oz $34thp<0.05). W&t
T 2R 25 7 Pl AlgiEe) ofdswrt
BAEY o} FrRT foHor F%oHp<0.001). A
717kl W2 2ol AUE 2 egte] ofd Rl A
93k o1 E Ho)x) Qgiet,
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