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Zinc and Copper Status of Middle- and Old-Aged Women in Type 2 Diabetes”
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Department of Food and Nutrition, " Keimyung University, Daegu 704-701, Korea
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ABSTRACT

The purpose of this study was to assess the zinc and copper status of type 2 diabetic women and to analyse the relation-
ship among zinc and copper status, and diabetic control indices of diabetes. The mean age of diabetes was 57.9 years
old. The mean duration of diabetes was 8.0 + 6.5 years. The mean daily energy intake of diabetes was 1562 kcal. There
were no significant differences of age, BMI, %body fat, nutritional intakes, total energy intake, and energy composition
from carbohydrate, protein, and fat between diabetes (n = 50) and control group (n = 68). However, both zinc intake
density (4.15 mg/1000 kcal) and zinc %RDA (62.0%) of diabetes were significantly lower than control group (p <
0.05, p <0.01, respectively) . The plasma zinc level was not significantly different between diabetes and control group (90
2 g/dl, 91 ¢ g/dl, respectively) . The proportion of diabetic women whose plasma zinc levels were lower than 76 £ g/dl
(borderline zinc deficiency) was 18.8%. This was about 38% higher than control group. It has been suggested that
insulin secretion might decrease in borderline plasma zinc and copper deficiency and increase in normal plasma zinc and
copper status, The urinary zinc excretion was twice higher in diabetes than in control group (p <0.001). The urinary zinc
loss was positively correlated with the duration of diabetes (p <0.05), hyperglycemia (p <0.001) and insulin resistance
{p <0.05) . These results lead us to conclude that normal blood glucose level controlled by diet therapy could improve the
hyperzincuria in diabetic women. (Korean J Nutrition 38(1) : 56 ~66, 2005)
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Y % 9 ¢ B4 (glucose intolerance)©] K.il
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k= 334 (homeostasis)©] 3lc}'?
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AaEn HPT PAo] AkEo] Rigo] wAsch st
2= ATP BAelE sk AP e 2
FxAE AFoE ATk dex 7|93t ek

A FEEFTH Y FeleEAlde o5 4
TAZE AT A 2 8 FagEiae] dFtdEse
ZFHET gAY Ao)7) Qe oz JeRgthtY &
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F& 50%0] AP, hxTE FRYUFoR
slol AR 699 AR,

2. g
1) 2N WS

A3 AFE FA8] AAFAS (Body mass index:
BMD 2 ZFEAF tist v (Percent ideal body
weight: PIBW) & A3y, sjgjsdsl Jd9eledE 5%
8l WHR (Waist/hip circumference ratio) & A48
t}. w3k AAW A7) (Omron body fat monitor HBF—
300) £ o185l F A () 7 AAFE (% total body
fat) & St

2) ME R o121 HFNF ™™

A wgke] 93l AE 3719 AEARNL B 244]
Zb 3l 23t sk AFAAFHZALE ST AEARIe
e ATl SHEL HEE AAslA 7128 A FE
& ERFAY, o AEAA ALY FUFE AA0E
o3It YU Y B 3= Ys3) CAN pro-
gram (HE7h AA =273 1998) & ©]43}] 30 &
B2 AFHBE ASea, A AHDl g 2zt w)
& AREit) ol AHF AL Lee 579 AF o}
A 3k dojeluo]AS ZAR AXlElgI) oA ARk
A7 2t el JkdAF (=gt 20009) S
IZ35ick 283 o] Fgol 3¢S E 5 Ue 4
o] £]1¢1 FEAle| thsiA = Kwun? Kwond Ag7&
TAR T AHFE AEslen, A4 AHFE CAN
programellX A3

3) gs S8¥H N

T BEE A% 7 kA o129l ol thsiA H)
ERlA SteF, Bof A7 BEAE 5 RS 45 ¢
T e 4E 2 AF 582 TEE A 4~7Y ol A
ggrogH, o8 28 4L 7k wiAlEgith

4) ooy 24

1) A8 ¢ A=

234 9~10A1e) 12A17F o]} FE 3] EAE AF 3k #
4N ZE oluie] 3T tubed] EA-E 900 rpmeE 108
B¢ AN #elsto, A9 84S itk 28n
1ML thA] phosphate buffered saline 22 X33}
900 rpm 2 & 10¥3F ARt AFs1E 338 A%
g o, #2ld AET-5 70T WEno ARSI

1 AE 2RYIRE o RAT AEE ASD Ju
3

o4 rfo
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FREEE M Fido] £4) ¥ E9& 3083t 4
52 A& Bl ¥ 3TN F 35 FES AAS
12000 rpm 2 tHA] 1083 94 Eeale] 4Sds &
2g H 70l Ageidt. 2 FAS A F ¥
He) 23S 949 3510 PSR AEF F2 53’—, 44
Zk oliell 156 ml @3 2@l 374y o} -
Aol B3Ik

(2) @9 (HbA, TEID =3

g3 A2d AEE $3A7 T HA HbZ HbA Y
T2 =331tk A4 Hb 8o 2, HbA = B
Boz 250 £ 5 Aol le Anrtalel HF
Q1 HbA .8 A#E Ak HbA . A12E Roche (Switz)
AM2E13 0 H, A= Cobas Integra 800 (Roche, Switz)
S o] g3tk 18y FE5¥Y (FBS) %2 Glucose
ox1dase‘:§28’°ﬂ oJ3) 4315k

(3) Insulin == ¥ Insulin A& &4

EA Insulin ¥5& Sandwich 989 Immuno radio
matrix assay (IRMA) ¥® o g B399} Insulin RIA
Kit A2} (#ZA}: Biosource, #A1Z%: Belgium) & ©]-83}
o] Gamma counter (HZA}: Hewlett packard, A&
USA) & &£A33t) Insulin A84L HOMAR ‘ﬂ"ﬁ&i
A2 & [HOMAR = 35 9€9 (¢U/ml) X ¥
3 (mmol/L)/22.5% AArsle] Brlesich

(4) ol ¥ 2] YR 5%

g ol2 2 F4E ov 34 e F Flame Atomic Ab-
sorption Spectrophotometry (AAS)E o]&-31o] 7+ =}
oA 34 SAsle] Bgks HL3ichk a9 Znd
Cu BjAZRE ICP- Atomic Emission Spectrometer 4300
DV ZH|2 A5k o 2o M-S 13t o
2} gl ARSI RSD (Relative Standard Deviation)
10% ©i5ke A E ke o83t 283 419 creati-
nine Z%-& Hawk %) 2819 540 nmellA] Spectro-
photometer 2 £4 3151t}

L

o nllﬂl

(5) Alkaline phosphatase &4

dY& 22 T ZutE Bowers & McComb's me-
thod® o)) 28 p—nitrophenyl phosphate 7)A-& AR&-3}
o} AF¥A7) (Hitachi 7600—110, A=Ak Hitachi, A
%3 Japan) 2 24819}

3. NaXe 2 24
EAAej= SPSSWIN 12.0[SPSS KOREA (313 AR

A, Seoul), 2004] 2.8 ¥AsI3ioH &
U.] Hﬂ_‘f.'_.-‘,%- rz:l-",f,_h E"i:@i}i XI}\]-S-].OZH;}. %1-
T3] H|ZE t—testE o] €3Itk T
A Fof| W2 old ol YAHEEY (One—Way
ANOVA) 2 welsled 1 vl vjne LSD WS o]
£313ict. ofd widFE Jrd o)) NRARe] g
£ A7} 918k General linear model (GLM) ol 2%
Univariate Analysis of variance #4-& o]&3}%it} 2+
F9ke] AR #AE Pearson correlation coefficient =
= Partial correlation coefficientZ4 #AZE3sIc}h 18l
23 AEA (multiple regression analysis, stepwise
method) & B3] o} FFdHe 2 IS HRlE &
JES B8t

H& 57.94EA dizTe] 56.349
Jol7t %iaiﬂ} A& A4 (BMD, =13, WHR,
AA G AALEE F F el FHQ Zpolv) Ysith
T 7 5 AeUFFL 8.98 £ 4.12 41U/l
ojglom, thz79 8.75 + 3.29 nIU/dlel Bl&l F-2)2Ql
2ol AR AATFRT £ FFoIATt (Table 1).
JNEIAYE B 337 173084 gi&F 1.84 +
0.805x} oF 1.881Z Fxrgo] o &3tk (p <0.001).

2. FL HASH

o) 81 FF AL 1562.0 kealol o
o, 27 A4} 1662.4 kcal B} F APolglo
U F23el 2ol gilel (Table 2). & AL of
o gk AR Ak HAFuE2 67.5:14.7 ¢
17.824 tz79 69.0 : 14.4 : 16.6 H&T} H|&E 5

j‘;’
A
2

Table 1. Characteristics of diabetic and controf group

Variables Diabetic Controt
N = 50 N = 69
Age (yrs) 579 = 691 563 £79
BMI (kg/m?) 232 + 227 237 +290
Waist circumference (cm) 833 + 7.39 835 *8.19
WHR 091+ 006 089 +007
Body fat (@) 173 = 389 179 *+4.14
Body fat ratio (%) 306 = 420 312 *436
Insutin level ( x1U) 898+ 412 875+329
Insulin resistance 337+ 1.73 1.84 = 0.80***
FBS (mg/dl) 1460 = 45.13 844 *9.44***

=+Mean values are significantly different at p <0.001 by t-test
BMi: Body mass index, WHR: Waist/hip ratio, FBS: Fasting blood
sugar



ogit}. ol AL G etse|x Arreor AYER=
&%) 55~60 : 15~20 : 20~25¢] B3l F2 A2 u)
&o] F1 AW 4HuEL WA Yehog gulE A4t
Qo] ﬂf‘EE]Z ] 9331 QLS & 4= gt o} Ay
FrEe wolFe T8 99 AHPL 3T 233 ¢
ojgier, A ‘:&““@_ AAFY 385% FEo2 A Y
273 §949 Aolg wolx| ghth. oA FXEE

oz elzl MY HAZI Haa 44

Asishe &
BT T F 709 Aol folHel o] ohigict,

3. O1%1 A 2 FFUE

Table 3o AA|E wks} Fo), D Fo a4 o1
22 6.20 + 2.65 mgollon, A WEE 415 £ 167
mgo|3it}. ol& d=R1e) ot HH ARF (BRDA)
il 62% oI, oddF% AFUE AHEI 6 mg/
1000 kcalofl tieirE 2k 70% Folqlth. B9 of
AFZol et BRDAE ti2T R} F23Q) Ajo)2 ¥

Table 2. Dietary intakes between diabetic and control group

Dietary intakes Dllloi)e;(l)c (Iilo:fg;l
Energy (kcal) 1562.0 £ 472.4 1662.4 * 396.1
(% intake of prescription) 989+ 306 107.6+ 25)
Protein (g) 572+ 203 603+ 198
(% kcal) 147 £+ 3.6 144+ 30
Animal protein (g) 233+t 152 237+ 164
(% protein) 385+ 164 364 162
Carbohydrate (@) 2630+ 710 2847 % 66.6
(% kcab) 675 96 600+ 83
Fat (g) 358+ 272 3156+ 173
(% kcal) 1786+ 80 166+ 63
Phytate (mg) 1811.0 + 8434 1946.7 £731.3
Fiber (g) 82+ 43 74+ 36

Values are mean = S.D.

mE LS e 38(1) :56~66, 2005/59
%o} (p <0.01) FFAFEL F 1 bl A7t ¢
gick, whde] Ao ofude FrFo] UxFEt
2u) oo g o EA uveldt) (p <0.001). )8}k Zo] 2
ST 2T nig] ok Bl digk A3 nlEol
W3 A2 ofdnid e o] wUgtoy e ofdFEel
FAA Aol7t Y AL el gt Agd Aotk
(Fig 1).
FaTY dixzTe] 8% oldsE (7 90 pg/dl, 91
#g/dl)t Lee 570] ZAR w&oiA] ¥ T3 1406
pg/diel] vl ¢ W& o)) ot Kim™?2) A7 A%
Q YR FEFRY 85.8 pg/diM} Shin¥9) FEAY HY
5919 66.9 £g/dls} MIT T ¥ B FFo|AT B AT
WIAFES] A Ao} AR LF Fol Lee B2 AT

T
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Fig. 1. Comparison of zinc intake, plasma zinc concentration,
and urinary zinc/credtfinine ratio between diabetic and control
group.

Table 3. Zinc and copper status between diabetic and control group

n Cu
Variables Diabetic Control Diabetic Control
N = 48 N = 67 N = 48 N = 68
ALP (U/L) 781 £230 816 +259 78.1 +230 816 +259
Intake
mg/day 620+ 2.65 797 = 3.22** 1.36 + 0.57 124+ 0.35
mg/1000 kcal 415+ 1.67 475+ 1.39* 091 = 040 075+ 0.18*
%RDA" or %LSDA” 620 £265 797 + 322" 909 + 383 825 +232%
Plasma (mg/L) 090 = 0.18 091 = 0.2 090+ 024 093+ 0.4
Urinary excretion/creatinine (mg/g) 0.79 £ 0.56 0.38 = 0.26*** 0.01 £ 001 0.00 + 0.01
Plasma Cu/Zn .02+ 0.28 1.05+ 0.20 1.02+ 028 105+ 020

1) %RDA: Percent of recommended daily allowances
2) %LSDA: Percent of the lowest safe daily allowances

*There is significant different of mean between diabetic and control group at 0.05 level by t-test
*xp <0.01. Values are mean t S.D. ALP: Alkaline phosphatase, Zn: zinc, Cu: copper
=xxMean value of Urinary Zn/creatinine is significantly different af p <0.001 by Univariate Analysis of variance. Covariance is diabetic

nephropathy
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RS HISSGAT Sole] $E Aok 2 RS glglo, Bekio] ApEsiolste] Qi ARES ol
WA BE QY ARFE PIE L BYPN S AAT AEE 2V Rk 29 oldiERE 330k
o] ThE o)A 4ol B Rolck Szl we ARE 2 2l A9 2IF wolH) gkort

FeTY TEHP e R dxde) va Tt s 28 o1 AelE Bt (<

el =& @ B oY (p<0.05) FE¢ kdF AHH  0.0D).

Heolo] dig AFuE (%LSDA), E3+F D Cu/Zn ) Ao AAES 03} (K 70 pg/d) Q) AR G
&2 U7 f24el 2ozt ATt (Table 3). B =HTo] 14.6%2A tRT 1.5%80F oF 108 o =9k

7 22 He % FEESE (44 90 pg/dl, 93 (Table 5). o] Hgoldo] a9 ojst REgrr} ut
pg/dl) Korean Medical Institution®] d&372] AHY & ulgoly 53] Yz dA7e5Fo] A AAH

(70~140 pg/dD ol $I%12H, Kim™e] A723<] 894 ol Qlere (98.5%), Tuded ET BF TR
pg/dish BIEAG Lee 579 62.0 pg/dlRtt A 52 T BFotAAR) B A% FFE BAF:

zolgict, " o

5. B¢ AN X TRYER) GE o IYIH

4. EFOIH R YT YYHY 2EE

o1 ofof QI A
%*h%’?‘el Qolae 23 7| 70 g/l e ) HO 10 A X 7

FH7|7hS 5 Ajo)2 Bty AW oldmidH (mg/
g creatinine) ] Y& £ 5 A= AT ASAE wiAst

& BQl AL 429900 Rl dase 83
okl AP NTAVE AR P& U FPEsioIER :

o o}AdE2] 2}olE v e A= Table 6l #M|AIS v}

(K76 pg/d) ARZo] 18.8%=X tiZT 13.6%ET 38.2%
o &34 (Table 4). 0}?1’327‘—]?* A% (mg/ 1000 kcal)
T @Rt uet ARE T el FYHY 2ol

o} 2t} AR HEAFE BFe 7 Tl fE
aFol7k Ao (p < 0.05) BA ofAFFE 2 29 o}

A FE FE71ER FHQd Ao)7t i ol

Table 4. Zinc status of diabetic and control group by plasma zinc ranges

Plasma Zn Diabetic women Control group
range Plasma Zn intake/ Urinary Plasma Zn intake/ Urinary
(ug/dh n 1000 keal Znjcr n 1000 keal Infer
N (%) ng/d mg mg/g N (%) rg/dl mg mg/g
<76 9(188) ¢690x 681 290142 075+058 9(136) 704+ 335 378=+1.01 032+0.34*
76-110 35(729) 910x101 447+17) 081+059 55(833) 930% 810 491 =142 039 +0.25*
Normal range
>110 4( 83 1208+223 4403087 071029 2( 300 1164+ 7.85 460+096 026 +0.13**
Total 48 (100.0) 901 =183 4171169 0791056 66 (10000 90.6*=11.8 476 +1.40 0.38 £ 026*
P 0.000 NS NS 0.000 NS NS

One way analysis of variance. Values are mean =+ $.0. NS: Not significant

+xMeans of utinary Zn/cr between diabetic and control group are significantly different af p <0.01 by Univariate Analysis of variance

Covariance is diabetic nephropathy. Zn: zing, cr: creatinine

Table 5. Copper status of diabetic and control group by plasma copper ranges

Plasma Cu Diabetic women Control group
range Plasma Cu intake/ Urinary Plasma Cuintake/ Urinary
(zg/dd Cu 1000 keal Cu/cr Cu 1000 keal Cu/cr
N (%) pg/dl mg mg/g N (%) pg/dl mg mg/g
<70 7(146) 577+ 980 098+040 0.01 =001 1( 1.5 520 0.84 0.00
70-140 39(81.3) ©933+180 087 +037 000=001 65(985 941+135 075017 0.00=+0.01
Normal range

> 140 2( 42) 1460 £ 721 148+099 001001 O0( 0O
Total 48 (100.0) 90.3*+239 091041 001001 66 (100.0) 934*=144 075017 0.00=*0.01
P 0.000 0.022 NS 0.000 0.022 NS

One way analysis of variance. Values are mean + $.D. NS: Not significant

Means of urinary Cu/cr between diabetic and contral group are not significantly different by Univariate Analysis of variance

Covariance is diabetic nephropathy. Cu: copper, cr: creatinine
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Table 6. Zinc and copper status by the ranges of diabetic duration in diabetic women

The ranges of diabetic duration

Variables < 5=y;sé 5N— ;? y]/rzs 10{; 1=4 8yrs. 15’; l=97yrs. 20'; 2=43yrs.
Age (yrs) 580+ 7.3° 529 + 75° 61.8 £ 3.2° 596 + 3.8° 640 = 1.7
ALP 82,7 +26.6 67.3 *+13.1 767 £299 820 +149 883 +278
Plasma Zn (mg/L) 088 = 0.13 095+ 020 083 0.14 093 = 0.12 076 £ 0.06
Plasma Cu (mg/L) 0.87 £ 025 104+ 024 092 + 022 084+ 0.19 069 = 0.07
Urinary Zn/cr (mg/g) 0.60 = 0.55° 074+ 0.35° 095+ 075° 0.88 = 0.55° 1.39 £ 0.36°
Urinary Cu/cr (mg/g) 000 £ 001 000+ 0.01 0.01 £ 0.0 001 = 0.02 0.00 £ 0.00
Plasma Cu/Zn 099 = 0.26 107 £ 029 114+ 033 093 £ 032 092+ 0.14
One way analysis of variance. *p <0.05. Values are mean = S.D.
Values with different superscripts in the same row are significantly different by LSD muttiple range test
Mean values of the Urinary Zn/cr and Urinary Cu/cr are by Univariate Analysis of variance
Covariance is diabetic nephropathy
ALP: Alkaline phosphatase, Zn: zinc, Cu: copper, cr: creatinine
Table 7. Comparison of zZinc status by HoA1c¢ levels in diabetic women

HbA« (%)
Normal Good Fair Poor
. 45~5.7 .8 —8.9% 9.0-10.0% >10.0

Variables ( a 2%) (5N =835 ) ( N =OA ) ( N0= ;36)
Age (yrs) 565 + 7.78 5803 * 7.30 605 £ 265 583 + 289
ALP 935 =163 758 +21.7 945 £222 930 +£400
Plasma Zn (mg/L) 093 + 0.23 090 = 0.4 090 + 0.16 098 = 0.16
Plasma Cu (mg/L) 099+ 014 087 = 022 089 = 0.14 110 = 0.24
Urinary Zn/cr (mg/gQ) 036 = 0.32° 062 + 034° 120 = 1.16° 1.86 + 0.60°%**
Urinary Cu/cr (mg/g) 0.00 = 0.00 0.005 = 0.009 0012+ 0.02 0.004 + 0.007
Plasma Cu/Zn 1.08 £ 0.12 099 = 030 1.01 = 0.8 116 £ 035

One way analysis of variance. Values are mean % SD.

=x«Mean values of the urinary Zn/cr is significantly different at p < 0.001 by Univariate Analysis of variance. Covariance is diabetic
nephropathy. Values are mean + S.D. HbA::: Glycosylated hemoglobin A
Values with different superscripts in the same row are significantly different by LSD mutfiple range test

ALP: Alkaline phosphatase, Zn: zinc, Cu: copper, cr: creatinine
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131_1- EFToR BRSNS ul, 49 oldudainio] 33}
o) HAHE {oAR1 xolE VeI (p <0.001).
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Table 8. Comrelation coefficients among zinc and copper status, insulin, and insulin resistance in dialbetic women N =48
vaiabies oo e 1000kt g e ame  Cuig ™M ogmonce
Age 248 029 012 -.231 -.231 170 150 .200 116
Diabetic duration 1.000 -.100 -.004 —~.086 -.079 .386" -.010 -.349* -.0N
FBS (mg/dh .373* -.081 023 153 142 293 —.449** =124 528***
HbA. (%) 567*** —.066 076 027 163 636*** -.086 -.189 227
insulin (ulu/db —-.349* .081 .103 220 -.067 119 052 1.000 T39r+
Insulin resistance ~-.07 on A2 157 -.015 .345" -.210 739> 1.000

*Correlations of variables are significant at 0.05 level by Pearson correlation. #++p <0.001
Correlations of urinary Zn/cr and urinary Cu/cr are significant at the 0.05 level by Partial correlation. Covariance is diabetic nephro-
pathy. *+p <0.01, FBS: Fasting blood sugar, HbA.«:: Glycosylated hemoglobin A, Zn: zinc, Cu: copper, cr: credtinine

Table 9. Insulin level and insulin resistance of diabetic and control group by plasma zinc ranges

Insulin tevel Insulin resistance
Plasma Zn
I?cngc;s N (%) Diabetes N (%) Control N %  Dicbetes N (®) Control
(ug/d) group group
<76 9 (196 7.26 £ 3.29 9(138 849 + 247 5(128) 286+1.5]1 7(11.9 172044
76—110 33717 953 444 54 ( 83.1) 886 +345 31(795) 349+188 50( 847) 1.89 +0.85*
Normal range
>110 4( 87) 8.45 + 1.86 2(C 31 7.65 £ 417 3(C 77 301+099 2( 33) 1.42x080"
Total 46 (100.0) 899+ 413 651000 877 £3.31 39 (10000 337+177 59(000) 1.85=*081*
P NS NS NS NS

Insulin fevel and insulin resisfance by plasma Zn ranges are not significantly different by Univariate Analysis of variance
NS: Not significant, Zn: zinc
*+Insulin resistances between diabetes and control group is significantly different at p<0.01

Uehbd ol2 FBsleln QsaRust Z7ks Aol
AN A3 QAzagelel Aol 9 B, ut

Z34H (HbA,)'EE ¥)
Aol Ad3lTh. ol Park 579

&l Bx|at
il

A g ASE AR DY 4 Uehis @il

iz WejE RoIh? Hyperzincuria: Wt @Al 4¥9] ollijudol Avt 3HY FEY FFHY ¥
A E3) B 87 QoY ojlupal Aelel] Bk AN ZEANE WStE FHAUL HbAA £ B
& W9 @k Pidduck 57 Fxg B9t 19 7} ehdl e Kim 599 47258 gov, ot 4

23 oR @ ATl 28 ol e #4

Fase} 2ok

ARULE B VWIS AAHE Ao 209 of

AHQ 2910] FAFTim §R0H, APA olAmMES  AEF el wie TS PG

ZA3R 7170l vlgatAelAY el oldo)go) B ATHEEE AN FEEZH okt FauA} 3
@*&@017\ WY Rolgz rh EEF Kinlaw't A £ 202 RuHRONT £ AT @FTHFES F
2 ¥ BgoHdAs gos d7d A oldwide 28 FIF (FBS), 3713 HbA,, €3 2 Q&dxZ9
g o h"ﬂ AV 9z, 2EF AA T A% 3 fF ASRTATE Q30T (Table 8). 124 28] 72
2E kg T guyn #EE A ol WEY 2 iRl IRIEEH KolHl 2o 4uuA = -0.449,
o2 ¥ysldtt Kim 599 Zudtolde 1873 A p <0.0D)E veRlo], JA] n8go] ofd gl Fujdz

= nEgoR Qs aguido] TUlEka o|& gt 4
22 o|n AT Ao ojdujidzto) F1e Slojet R
88 Pidduck S ZH o)A 9 hyperzincuria: °}
A AA] o] 743K zine metallo enzymest} zinc—
enzyme complexes®] 437} Fal|7} v|¢2e)7] WEd
753 AN B AFelA zinc metallo enzymes
@l alkaline phosphatase (ALP) 8435S 27y o

ul

o BAYE AR

4) WIOI Q| ME Cladl 20| W diadl MNPy ¥H

olAZAY FEo) Agd danEn} gashs A0
tEo] 8% oAU A ARIE TMZE F U
o] AJAKE 1} QItk” B AFAgelM e FET T
2% dFoldo] A & ® (76~110 pg/dD)
sARN7} 78 B2 Aol (Table 9). BT
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Table 10. Correlation coefficients between zinc and copper status in diabetic women N = 48
) Cuintake/ Urinary Plasma
Variables ALP Plasma Zn 1000 keal Plasma Cu Cujer Cu/zn
Zn intake (mg/1000 kcal) -0.062 0.193 0.310* ~-0.078 -0.038 -0.238
Plasma Zn (mg/L ~0.271° 1.000 0.059 0.343* -0.226 -0.383**
Urinary Zn/cr (mg/g) 0.253 0.110 0.318* 0.149 -0.078 0.036
Plasma Cu/Zn 0.095 -0.383** 0.065 0.720*** 0.065 1.000

*Correlations of variables are significant at 0.05 level by Pearson correlation. *xp <0.01, ***p <0.001
Correlations of urinary Zn/cr and urinary Cu/cr are significant at the 0.05 level by Partial correlation

Covariance is diabetic nephropathy
ALP: Alkaline phosphatase, Zn: zinc, Cu: coppet, cr: creatinine

Table 11. Stepwise multiple regression analysis for urinary zinc on diabetic control indices. zinc and copper status, and nutritional intakes

Dependent inscljzgfelrcwggtn t B SE B p-value CumEIQohve Ad L;hve
HOA 0.250 0.049 0.656 0.000 0.501 0.482
Urinary Zn/cr Cu intake/ 1000 kcat 0.335 0142 0.301 0.026 0.589 0.557
(constant) —-0.505 0.374

Durbin Watson: 1.977

Independent variables: Age, diabetic duration, ALP, FBS, insulin, HbA., insulin resistance, Zn intake/1000 kcal, Cu intake/1000 keal,
plasma Zn, plasma Cu, urinary Cu/cr. plasma Cu/Zn, energy intake (kcal, %prescription), phytate intake, fiber intake, carbohydrate
intake (g, %total keal), protein intake (g, %total keal), animal protein intake (g, %protein), fat intake (g, %totat keal)

Qe e ool A4HY oskd o FAAA A
o) o 7HE yislktl QeUATAHE Qladiug}
Po] YT EF BF ot AEeia 7t
2 Zon, oldFEy FHSed AAQe] dETEt
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2. 3P FIVH

PR TY 3 B AAEHZTE 1562.0 £ 4724
kcalolglon, Hy AR 57.2 + 20.3 golth
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