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Abstract

The purpose of this study was to investigate the relationship among nutritional status of copper and zinc,
serum leptin, and lipids of 99 middle school girls residing in Kyunggi-do, Korea. Subjects were divided assigned
Lo one of two groups such as normal (BMI<85 percentile, n=58) and obese (85<BMI, n=41) groups. Subjects
were evaluated based on anthropometric measurements, 24-hr dietary recalls and blood analysis. The mean
age was 13.93 years. The mean weight (p<{(.001), BMI {p<0.001), body fat (p<0.001) of obese were significantly
higher Lhen those of normal group. The mean daily energy intake was 94.2% of RDA for Koreans. The ratio of
energy coming from carbohydrate, fat and protein was 63 224 :13. The mean daily intakes of Cu and “n were
1.4 mg and 7.4 mg (73.7% ol RDA)}, and there were no significant difference belween two groups. The mean
serum levels of leptin (p<<0.001), LDL~-cholesterol {p<0.05}, triglyceride (p<0.01), TPH (toilal cholesetol/HDL;
p<0.001), LPH {LDL/HDL ; p<{(.001) and Al (atherogenic index ; p<0.001) of obese were significanily higher than
those of normal group. The mean serum Cu level of obese was significantly higher than normal group but, the mean
serum Zn level of obese was signilicantly lower than normal group. Serum Cu showed a significantly positive
correlations with body weight (p<0.001), BMI (p<0.001), body fat {p<0.001), serum leptin, and LPH. However,
serun Zn showed a significantly negative correlations with body weight (p<0.001), BMI {p<0.001), serum leptin
{(p<0.001), TPH (p<0.05), LPH (p<0.05), and Al (Atiherogenic index ; p<0.09). To summarize the results, the 7n
intakes of middle school girls did not reach to RDA [or Koreans. Also, increase of BMI may lead to decrease
of serum zinc level and increase of serum copper level, and this change of serum zine related to the change of
serum leptin and serum lipids level in middle school girls during rapid growih.
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Aab AF2- A A 2EAE7] (Famess measunng system,
[05-102, JENIX, Korcal& Al&ale] 236ty =39 4]
A3 A2 ol g sl A A wA](BML Body Mass Index=
A2 kg)/[AFHm)E Asrstedet A= weee A
%4 7] (Bio—electrical impedence analyzer, TBF-105, TA-
NITA, Japan)& AH-she] =g} 4l 7502 Al4bst
drt

AAEd = 385 ol 43l se|Ed, Aol 5 &
sl 7, &l ol Wl o] B E 7| £ 22 WHR(wasl hip ra-
bR skl Hake A28 9b7](Fully automatic hlood
pressure momtar, BP-750A, ITCOco, Japan) & ~-8-8ko9 -
A el A S s o,

o] 43 & F21d FA0] Food model=h 2 Ak A 2aff 4]

Bate] kxR F AL TolFEla ARl
B2 G PO FAsde) 248 g Slas
Bho] 1 ok A # 92 oA rlE 2 28(Can-Pro, Com-
puter Aided Nutritional analysis program [or Prolession—
is)E ol 4319 R Asc), oot oade] gAwE 22
viete] Al B R T (049 nl5H(25) B dB(26)9 ARE o

2ol ¥4 stale,

oy 2
ol A FHANAA AT ALRE o) 5he] 34
15 co& AA sl A= DAL 3000 rpmed A 1583
Adgaed GAg 9e T wAlol ALgsiyn,
=5 ‘1ﬂ ola :H Al el ole] Tkl HAAREEAE

A (Atomic Absorption Spectrophotometer, AA-650-6401F,
SHIMADZU, Japan)E °]435l9 235t

A Al 24 4w deks v 238 Gi(Human Lep-
tin RIA kit, LINCO Reserch, INC)E A}-83}¢] Radio Im-
mune Assay 22 &Aselc)

AR gF 24 F & Fo 2w S HDL-E4| 2|
F, 24 T 54 e A4S o859 kit(Boeringer
mannheim, Germany}E AH-ste] 23 stk "3 S LDL-
FH 2~ E 2 Fredwald®] 24 (27)el] 27|85k 412
el ol Yo x AYIAAdge] oH s A Alaz 7
S TPH(EZF 9 A E/HDL-Z3 A8 &), LPH(LDL-Z
#| 2wl E/HDL -3 2~ 6| &), 2 217 Atherogenic In-
dex : Al = {&Fd~dZF - HDL-Z¥4~H2)/HDL-53] ~
&5 A E3HelohER).
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B Ao 18 R E A E SAS(Statistical Analysis AAEEE) 9719123 w]|uke] Bl she] FA] AF3Hd
System) program-& 0]-%—2"7 Tod w Fa BE5H a2 et solalal Aol Ko|A] wobrh dwiale] Qe
Bl ek} A AFETRe] B e student T-testE o]_g__g]_oj] E-2 o] 582 g, A g akFo] 607 g o=, 7zt of of ] Aheke] 89 7%
oS AAAAT. LE MAE Ao o] AFMIAE Pearson's  97.1%2) AASEE walot f2Hd Aelg ehilA @
correlation coefficlent(r) = 24 Falg A5k}, gheh, A2 e} AF ke winko] 493 g, Aol 520 go]rﬁ
ow aEle wRkFe] 2790 g, Ao 3087 getlew, A
Zo o Ta A3 B TPk 4 °lm o3 wel] wgheh %
ek A2 kel tha =g A we ) gu) o ok vl g
AFHAIZE AFE £ uRkge] 62:75 13, ?*é’%i%] 63 1241328 Fa04kel
o] T AR S L] Al A AZ AR Table 13} 7Fe] 3344 Faka vE-g veldiglm, et BT dheeal R da e
2.2 13934 0w, ualTe] A AT v el 2 F(p<0.001), v w2 ] <uke] A Hu]ge] Fa oA e A FHuE
1ol ) k 2 ygluebFta) Al ol 2F o ok
ﬂlﬂﬂm* P00, 2271 83Hp<0001), SlelBelpeogo, o) EHEh AR Al v e e s 4 ! E%; X
2 AL e = O o] =) = =, «] ol o < 7]
¢.2| ] ﬂ](p<0 001 ﬁ}“"]gl' 0;41:1 0]_:5:0” ] 'Hp<0 001 Zﬂ .{l': ’ﬁf]AJ EH T— T]"‘-’.I‘-'Z“'lq_]. Z]'O = EC]/{] TE O‘]E'i El_'?- = ]'
AR p<00000] § AT Forch & AT pbgs  SCOSDS LA, vRes) A sG] AU
- =7 - =1 & o]
W AAL 15840] 90w ghTal # 87 F 5] (29)2k ¥] o WlEed ] v 7 3k2 pehugich o] A2 H)Rtahg)
A FF wT %S asdsisle, A% Kol AR 2AA £HFL A waAYE 7oA
oles), A4 34 58] 332G AFPL T Q5] b2
e s ol B Ehe] g A3k B Hez stz
A7 WIAF FT AF Gk G Fe, olael 4141 T2l ofal feluhabel ) wapse] AAE ] ol
- 2= (291 o g A A H] -"gE Table 29} Zv}, v w2 Aal ek epu] 2k AlEy] Aawg e el 4]
By g uk Aok 1793 5 keal(Eh=ral <d ok #bake] 0422 EOE S L S MR R oa)ele] Al
Table 1. Anthropometric measuremenis of subjects
Variahle Taral (n=52) Obese (n=41) Normal (n=58) p-value”
Age (years) 139+ 037 140+ 02 139= 03 NS
Height (cm) 1584+ 50 15854 42 1583+ 56 NS
Weight (kg) 35.2113.0 670+ 83 B7E 79 p<0 001
BMIY (kg/m®) 290 40 268% 29 GE 28 <0001
SBP” {mmHg) 11832162 12341119 1147111 p<D.001
DBPY {mmtlg) 731+t 95 737+ 83 7274102 NS
Waist (cm) 651k 491 765% 6.7 529% 67 p<0.001
Hip {cm) 915+ 8.4 99,2t 49 26.0% 56 p<0.001
WHR" 08+ 0.1 0.8% 0.1 0.7+ 00 p<0.001
Body fat (%) 175+ 08 392+ 58 224+ 68 p<0.001
}’Body mass mdex. *Systolic blood pressure. 'Diastolic blood pressure. *Waist hip ratio
?Mean £ slandard deviation. mp*\-’ahte by t—test.
Table 2. Mean daily energy and nutrients inlakes of subjecls
Varable Total (n=99) Obese (n=41) Normal {(n=38) p-value”
18841.4£5813, o“ 17035+4927 1941.2%569.1 -
Energy (keal) (04 24272 (89,7 24.6) (07.1=28.5) NS
598+£183 5327195 60,7£19.4
Protemn (g} (51.9420.8) (805+209) (93 4£29.8) NS
Fat (g) 51.2%+234 49 8:£20.7 320251 NS
Carbohydrate (g) 297.3184.0 27301+ 83.8 3087336 NS
Copper {mg) 14x07 1.3£0.7 14=0.7 NS
. 74L£25 73t24 7427 ,
Zinc (mg/ (73.7+51.2) (7332199 (710%22.1) NS

Mean standard deviation,
o5 of recommended dietary allowances for Koreans (7th revision 2000}
p-value by t-test.
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E|REre] 1570 ng/ml, A7) 6.94 ng/mlLE 522 ¢ 2}
ol & viebl sl v Hp<0.001) W% A RakEq] 2l A|u)
ZA oA FulEs T2 Ao A=]uke] o v
2l &tol Frhghoh(14-16), A 2ka] e 2jupe] okl &4 =
o sddbe] glo] AlAg) A ubg 24 sl Al Wl ez
A-E oA =1, oo el A A ha) r) Zgte]| W
2l flEle] 2olsle 2oz B asle] B ol A vlhe} x5}
AcH(17-19)

P A ek Table 39 20} o Pk S ) =
S 2 E 292 152.29 me/dLsi o], T 0)el] -8 2 gl
#Ho]E o)z bl HDL-Z ¥ A8 2 stk w)ulTo)
4168 mg/dLE A AF(50.47 mg/dl)o] v Fle] g2l- o g
A R THE<00L). LDL-Z2) 26l B(p<0.05), 241 %] 4
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Table 3. Serum leptin, glucose and lipids of subjects

el e A " " AAae] A 543

(p<<0.01), TF 2w 535 HDL--Z3) A 52] H]&(p<0.001),
LDL-Z% ~HE2 HDL-FH 282 8] & (p<0.00l), &9
A ZZ T (p<0.001) = v T o] kel ulshe] Folgog
=ttt o] Hopeld Adnd el sleldx A e}
ehakslA| 2 Al A ek o] Frbe AlE A A gk 2 A gle o
) FRA S FolE Ao w vlelgr)

DA 72| B ofad ek ol abl a2y A 7,
of W&t 2 o= Tahle 49} 2o}, B o7 AAHE
el FHEE a|RbFe] 112.29 pg/dL, A el 101.21 ug/dL
2 oalskge] FAe R £A eldoh(p<001) ¥
()8 Bzl x v 772 €3 T §ake] 7“*‘?"1] ula}
of frel A o2 oA et e, 258k gehd o)
22 wnkgst Aids W 2d Leel33)2] Od—'ﬁeﬂzﬂ
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vieldlich oS e g
T2 ek AR gof) ol P T3 ;ﬂ ill-?iLOl Z&! W
FA G vk oA o2 Al ey,

B i oe) W 4 obd e u|aEe) 6337
ng/dL, Aol 103.21 ug/dL 2 v 2h-e] E A ofs] ghafe]
rel A2 wA vrebetehp<0.00D). oF & A e 2wt
T A ATE W) 2T Lee(3318] dTell A = A AFEE] 1)
Tol FAE 52 397, Yakinel S(8)2] odFof 4= 1
shre] AT E ok f-2A 08 E=a vl vhp<0.01). 22
vt Chen 5(9e] Ao A 3 vla abfone) Aoz
T H 2 vkl A] HF olele] F v} AT RTE o

o} e
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2 ovpept 2 e dEsie

oled 7 2l = metallothionem®F | 2 kel HE e =l
olx] ZgH el A& Eslo] AA Rl FAAd2 fA
o ofg] "ol DA AAFE ootz WA o] £ HA
ko] vl A 5o 2ld gl Aol ek F kel Tgo] gk

Vanable Total (n=99) Cbese (n=41) MNarmal (n=53) p-value”
Lepun {ng/mlL) 1057% 6.45" 1570+ 501 684+ 384 p<0 001
Total cholesterol (mg/dL) 152.29+ 11 .69 1636312886 152 81+3307 NS
HDL-chotesterol (mg/di) AB07+10.37 4468+ 929 50.47+10.51 p<0.01
LDL-cholesterol (mg/dL) 93.50+26.05 101.02 =26 03 83.18124.93 p<0.05
Triglycerides (mg/dL) 78612925 B3963126.534 7081 £2857 p<(.01
TFH? 340+ 0.82 379+ 094 307 056 p<0.001
LPH? 202%= 0.69 237+ 0.80 178+ 047 p<0 001
Atherngenic Index 237+ 082 279+ 094 207 056 p<0.001

"Mean = standard deviation,

Table 4. Serum copper and zinc concentrations of subjects

*Total cholestrol/HDL-cholesterol. L DL~cholestrol/HDIL-chalestrol,

p-value by 1-test

Vanabie Total (n=99) Obese (n=41) Normal (n=58} p—value”
Serum copper (pg/dL) 105.80+18.07 112.29+16.23 101.21=18.02 p<0.01
Serum zinc {ng/dL} 99151231 93.37=10.42 1032451197 p<0.001
Serum copper/zinc 109+ 025 121+ 021 1.00+ 0.23 p<0 001

“Mean = standard deviation, "n-value by t-test.
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Table 5. Correlation coefficients among serum copper, zine
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Hel sl 2

_}’
%A-ﬂr.%éié T ek A (p<0.001), #la g =] e (p<0.001),
E = (p<0001), @ W el &= (p<0.001), el &} 5ol &
4 (p<0.05), AR L p<0.00D) 3 F-2 =gl A2 Ak
vehilddoh, whaie] 83 ofdd gake A F(p<(.001),
] (p<0.001), 7T EHP<0.05), #=E(p<0.001),
H{(p<0.00D), AAHE{p<0.001)7 2] el 12
Hell gt oleh Ze] oAl gleld HA T
o] gk vt =g el A2

A 3Bt 52

13 7714 ol
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63 o] WA Fol i 7] 2) 41 2l ool
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and anthropometric measuremenis in subjecls (n=99;
- Serum
Varable Serum Serum copper/
copper e zinc ratio
Hesght -0.1739 06634 -0.1194
Weight 03551 042547 04905™"
BMI 04183™" 045877 054517

Systolic blood pressure  0.1332 -0.2285' 0.2308'
Dhastehe hlood pressure 0.1799 -0.1178 0.1935

ol ghis] AlalE = e A A AHE T o] 8]
ol 8% Feigtaol 421 ALz FA49r0)

A e, opd gkt A AR U YF Adde 4
A - 2A T O}fﬂd@'fgﬁﬂr 2 9= 9 2570
A3 A & Table 72} 2 g A AlElpd

o},
0.001) = LPH{p<0.05)8) -2 A &l A 2] 4F

) FA & ek
Rovl W7 oled gape WA Aea ol 9| Yt

AE Ve ol (p<0.001) HA 7 2 oldn] g2 EA
& ¥ (p<0.001), TPH(p<0.05), LPH(p<0.05) ¥ ¥4 5}2]
Hp<0.00ek 2 Hal A2 ARTAE Hebligiet

A A gl B 2| QdFHareA] B ) o)yl
greke) wlge] A mf}— Fobgoll mpap @] o] Abgst
2 A FalEa AakA gy g ge] FrtE T
ated o d0), A A A8 I A e ol ot A4
glef wigped FolH o2 F71E AL X
H, 5 E o] &8 TEAYMU3I44) A -
Ho] ghaghel wel FA E Ze A Fe] ZrlElel o,
si-& djabo & g of Tl vl 30 mgd] o4& vl
F HA oled Fepo folaow ZrlElyg e 8 HDL-
T 2E EE el o ghrek vk B askgleh(40). 5
gk At 9l of Al oA 0 B 4 Kim 5-(46)2] Aol A f:i?i
Tl gk 24 & Ful a2 Y LDL-Z8l 282 98
5 A S Vrebd Ao oAbt 7] o)l
o Trele] HE Shabal A Al B A3 g HP g o
s 7 g W] 7] ele-2 A& e a2l
A W57} 2|2l AL
3 9 eh46). B ol 72 3o A
8 Fhake] 714

p=
o) Wl WE obal wapol Pasl el Pake] Zopeol
=7l 1
=) L

oﬁ.’.m‘_.,
)
ozg
S
2 B
<& T
o b2
R

i, o,

AstA oz Fele chaln] g2 Fohe A% AW L AL
Agke] A EET fo04d AE4E B3ich

3, 212 Mantzoros 52208 AALGAA obed ] 4
AGE ADHEE o DF 49 Pako] Bl e, ol
T4 €7 Y arel Frlsaickn Lasied oldde] &

Waist 0.3314""°  -03568"" 04363 Table 7, Cox:n_zlatipn coe_ﬁicients among serum copper, zine,
Hip 03330 -04881°"* 04793 leplin and lipids in subjects (n=99
Waist hip ratio 0.2085°  -0.1279 0.2261' ., Serum Serum Serum
Body fat Q4420™ -04587"" 056997 Variable copper ZIC copper/zme ratio
"Body mass index. Leptin 04418 -0.3450"" 05185""
p<0.05. p<C.00% Talal cholesterol 00270 -0.1520 0.1300
HDL-chalesterol -0.1943 -0 0448 -0.0899
Table 6. Correlation coefficients among serum copper, zinc LDL-cholesterol 0.1228 0 lﬂgz 0'18§7
and nutrient intake in subjecls (n=98) Tngh cerides ~0.0562 o775 OO439N
TPHY 0.1890 -0.1263 (.208G
Variable Serum Serum Serum LPH” 02160  -0.135% 0.2286°
copper zinc __ copper/zinc ratio Atherogenic mncex 01830 -01283 0.2080"
gﬁ}jcp‘f;t;i:‘ke _8:?2‘_}? 8852 78:?8?2 PTotal cholestrol/HDL-cholesterol
- “LDL-cholestrol/HDL-cholestrol.
p<<G.05 p<0.05, T'p<0.001
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st ohiat Aok A7 dgAE e Ha d3 e 139349

2om) w)ghge] Aaktel vl sbe] A 2(p<0.001), A A 4
(<0.001), = =71€ 9 (p<0.001). 3= =8 (p<0.001), vslHo]
T (p<0.001), 8] 2 2} o] S22 w] (p<0.00t), A=) Hk

m‘i’u

o =
(p<0.00lie] Fejd e g Eokeh o dlakalE2] 19 14 F
W AR Dk 1884.39 keal(HAFEke] 049295), & o =ke|

A A e e 3 ek FAIul S 63124 135

BV, T e] e} eled o] g skE 227 131 me, 7.37 mg
torad HAbake] 7370%) o). B RbE s FAbghe] Aol
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