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[ E] [B8Y] HiThds AAMA/ FIASRWEERSEF TRARBIL(CAC)mER, [FiE] £
FIAZWT @ A & Ty ik AT 274 IR B IR IR B R AT AT R AR R SRR K B A S AR 4540
20 VAR P20 B NG RAAT R B £ 4547, R Spearman A8 5% M5 A7 CAC A8 B & |, = 5T Logistic ™ )2 247 CAC
B % ROC w K IR+ iE 4 4R 4R/ I st CAC B9 FAM M fE, [ER] 4SBbhiFagKF[(77.09+
15.84) wmol/L] & AE45L 28] (88. 21+11.55) wmol/L]4k, e iF4A[ (13.99+3.76) wmol/L) ] 4R/ 4F A (0. 19+
0.08) 3 e 454 48[ (12.10£3.99) pmol/L. (0. 14£0.05) ] %, Spearman #8 % 5 B = , fo & 45K F (r=-0.387,
P<0.001) 5 K S ARA5IL AN B i A% | £ iE 4R (r=0. 356, P<0.001) 4R/ 4 WAA (r=0.477,P<0.001) 5 7&K 3h Bk
AEAL AR B EAR X . = Logistic &2 47 4 R & 9 4# (OR = 1. 085, P<0. 001 ) . f2. 7547 (OR=1. 114, P<0. 001)
FadR/ 4 AR (OR=1. 143, P<0. 001 ) & 7 K 3h Bk 4540 89 2 32 oI B %, s 7% 4 (OR = 0. 948, P<0. 001 ) 52 B K 3
BRASE 4RI B &, ROC W & 547 B = 4% 48 4R/ % LA 7 M CAC %9 AUC 2 % 4 0.301.0.650.0.716 (P<
0.001), [£i8] REBEEREZIHA S ZHAKTAFmE/ 4 AL BARK T 450 K A CAC 8 R IG % &, B 47/
S AR T A FAF HFRM CAC,
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Correlation of blood zinc, copper/zinc ratio and coronary artery calcification in pa-

tients with chronic kidney disease
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[ ABSTRACT] Aim  To explore the relationship of serum zinc, copper, copper/zinc ratio and coronary artery calci-
fication (CAC) in patients with chronic kidney disease. Methods Using the cross-sectional analysis method, 274 pa-
tients with chronic kidney disease were studied.  According to the coronary artery calcification scores, the patients were
divided into calcified group and non-calcified group, and the clinical data and laboratory indicators of the two groups were
compared.  Spearman correlation analysis was used to analyze CAC related factors, binary Logistic regression was used to
analyze CAC risk factors, and ROC curve was used to explore the predictive value of zinc, copper, and copper/zinc ratio
on CAC. Results The serum zinc level of calcified group ( (77.09+15.84) pmol/L) was lower than that of non-cal-
cified group ( (88.21+11.55) wmol/L). Serum copper ( (13.99+3.76) pmol/L) and copper/zinc ratio (0. 19+0. 08)
were higher in calcified group than those of non-calcified group ( (12.10+3.99) pmol/L, (0.14+0.05)). Spearman
correlation analysis showed that serum zinc level (r=-0.387, P<0.001) was negatively correlated with coronary artery

calcification scores (CACS). Serum copper(r=0.356, P<0.001) and copper/zinc ratio (r=0.477, P<0.001) were
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positively correlated with CACS.

(OR=0.948, P<0.001) was protective factor for CAC.

Binary Logistic regression analysis showed age (OR=1.085, P<0.001), serum copper
(OR=1.114,P<0.001) and copper/zinc ratio (OR=1.143, P<0.001) were risk factors for CAC.

And serum zinc

ROC curve analysis showed that the AUC of zinc, copper, and
copper/zinc ratio were 0. 301, 0. 650, 0. 716 in predicting CAC ( P<0.001).

Conclusion Patients with chronic kid-

ney disease with high age, high levels of copper and copper/zinc ratio, and low zinc have higher risk of CAC, and the cop-

per/zinc ratio has better predictive value for the occurrence of CAC.

[KEY WORDS] zinc; copper; copper/zinc ratio;

P B AR ( chronic kidney disease, CKD) &
KA KA T AR WA ez —, 3
CKD MR E ik 10. 8% , I 5 1 FH#a#, CKD K
HOF R Bk o A 8 AR R
LB BIR ( cardiovascular diseases, CVD) W #) i B
¥ ( mineral and bone disorder, MBD) %% IfiL . H, fi#¢ J5it
L2 CKD AR W AHE | ™ H S0 J8 1 A 3% o
MBS . CVD SR8 B HES £ f i LA I
RAE LA B EESET RN H AT
#54k (vascular calcification, VC) E ik CKD H 4 It
& CVD WS FER R R 5.0 JURESE il i 45 7= o |
OMERRISEAE D M AE A RFEA K, Tk, B A E
HNSZIGAIESE 5 (zine , Zn) A] DABCE A& 4540 W
Py il A 5 A sy 96 [ AR NG 2 B iy B3 A B
T DARSAR ™ 5 3= 3h ks Ak 1 & A R 5y Ao
FERWIBE H (copper, Cu) i/ #¥ ( Cu/Zn) HfH 5P
PR AL, | T DG 3R A5 AL OB DI AR CT . (H
THEE L H /B LA S CKD B R B kS 1k
(coronary artery calcification, CAC) HJ &2, DA K i/
PELLAEAER 9 CKD BB AR S Ik A5 1L 412 W | 15T Bl
PLR I PRIGTT S A1 2 2% i R W o, PRIk, AR A 5 4
SIFTRRIERF R 55 @ B2 B UsiR ( CKD 8 3%
e RBERE, R 5T L3 BF 4 B/ 4% LU (B 5 CKD &3
SEEAR B KT 1k 1) 9C 28 B H X 5 R B0 Jok 55 Ak 1) 152
(e, AASH CKD 8 e R 3h Jikees 1 i 17 40 19 B
TRYT R

1 FERMTE

1.1 HRWK

WELZHMERNKFE W EEK 2019 F 10
H—2021 4 4 A Ycig whig i B 5 B e R VR
NHARE N SF =18 ¥, CKD 3 ~5 #], #E AT &
Wi ABE, CKD #5 i7 o 4 3 47 0 1% 4 KDOQI 4%
W, HRAEN L BAETAERNANE, FEE
FARBNE LR H, B FI AW E T H
(computed tomography ,CT) % K Lkt &, /" &

chronic kidney disease;

coronary artery calcification

AR E A EE B/ H AR RN
Wb R #, 7" B R 3 4 4 AR RO R
T BB B R A A v AL A & RO R R
RETH AR ER AT,

1.2 AR FER

AFRAEFOEBTAAL, BIEFHA
AR ERZFWHERN FH AEEIR(RE. B
W) PTG R E B R AW K E VBT
W CEMNE ENT R EHEANE) LR EL
EEERTER, FAXREHEAANR S H BT
W, ENEFRAXRERHFERKENERED 1
R, R EAT B AR RPEFEA &, o F 8 A
WY AR e A B AR ) AR TG 3 I R A 2 (b 1 R
) B R F R ORI S TR A BB AT
K o 7 4 5 S5 B A 71.46 ~111.33 pmol/L it
EHSEE N T.12 ~21.29 wmol/L, 4/ 5 18 =
e 7 47/ ML (Cu/Zn)

AR B k4B L AF o R A ARt 64 HE % E B E CT
WHFATHES, b EH 2 %% FE KB Agatston 7 4~
i xR R B k85 ALt AT & AL, CT 8> 130 Hu, 45 1k
A>T mm® & X H 4, HHAR D =5 4T RS
W EEIE S 1 4130 ~ 199 Hu;2 4:200 ~ 299
Hu;3 %:300 ~399 Hu;4 % :>400 Hu, 7K 3 fk 45
1t % 4% 2 ( coronary artery calcification score, CACS)
HEET AWBX A ET BEE &850
ez,

1.3 HItEREHE

¥ B A % RSk O\ Epidata 2 45 B, £ SPSS
23.0 RUHATRBERIT 0, £ BH B ESHEHE
R xs B AL BROR M AR BB T
AMHERA PAR(E L) FF, 4B LEX
Afkfmi; E EERARK(E L) X7, 0%
VR4 18] He g K R x* A 38 (Bonferroni % IE #F —
MK EZR), K F Spearman Ak M 4 AT AR 3T
SHELH CKD EHERF B X R, KA
Logistic Bl [T &% H % 5 % H & 247 CKD &% &Rk
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2.1 EZ&HEM

ABFFENA CKD K 274 1], IS (52. 05
+13.45) % Hoh B 141 6l (47 0.52) , 2o 133 il
(10.48)., 233 (1( 1 0.85) A LT, 66 (1
0.24) A I BEPR, 19 ] (A7 0.07) £ IO il 4 5=
Mo JELR LR R R TR B NER B R 165 M) (i
0.60) , B /N ) ST B 28 il (5 0. 10) , BB IR
'BIR 35 1'5“( i 0. 13) ,%[ﬂl}f‘%ﬁ 19 ﬁu( 0. 07).,

Z2HE B R XL SRR A A 27 91 (/5 0.10)
RS WKAS A 131 B, KAz 2R 47. 8% , Hovb i B 45
1L (CACS>400 53)36 i, HEEAG 4K (100 43 <CACS <
400 73) 47 1, 5% B 454k (0 43 <CACS <100 41 ) 48
il ARYEA TCEIR B kS Ak o AR E5 A4 (CACS =
0 43 ,n=143) fE5{LLH (CACS>0 43 ,n=131)
2.2 $SUASIESKAIGRKE LIS EIEIR
BEAVZE B A O PR e FR R BRI R Af
2 HEA CKD 5d 1 K 4t 45¢ 15 i 832 A o 45 s T
BEAGN , A7 B | 2 4 1 T 3 A L IR T AR 854k
H,EZRAGEITFE L (P<0.05; % 1), 546451k
ZHAF LG, 5 Ak 4 it LT i 6 | I v A L R/ BE HAE
L C RN B W R K # R (P<0.05)
L5 5F | 28 B AR KPR (P<0. 05546 2)

®1. BUASIESHEA—RIGKRETR

Table 1. General clinical data of calcified group and non-calcified group

S JEEEIL A (n=143) EALZH (n=131) %G P
WS/ % 46.94£12.17 57.54+12.62 -6.691 <0.001
B[ B(%) ] 72(50.3) 69(52.7) 0.148 0.701
BML/ ( kg/m?) 23.213.48 23.524.07 0.671 0.503
WA/ [ (% ) ] 26(18.2) 21(16.0) 1.127 0.288
PSR/ [ (%) ] 18(12.6) 12(9.2) 1.853 0.173
JE AR/ (%) ] 5.938 0.312
JEE A /NER B R 86(60.1) 79(60.3) >0. 05
B /N i) Jo 1 18(12.6) 10(7.6) >0. 05
TR I B 12(8.4) 7(5.3) >0.05
Wl PRI B s 14(9.8) 21(16.0) >0. 05
HiAthy 13(9.1) 14(10.7) >0. 05
A8 A 23401/ [ 91 (% ) ] 7. 608 0. 006
3~54 51(35.7) 27(20.6) <0.05
5d 1 92(64.3) 104(79.4) <0.05
B/ HI(%) ] 9.776 0. 008
KRBT 51(35.7) 27(20.6) <0.05
YERpI: R BT 47(32.9) 64(48.9) <0.05
Y PRI IS AT 45(31.5) 40(30.5) <0.05
F L/ [ (% ) ] 117(82.0) 116(88.5) 2.582 0.108
WG/ [ 1) (% ) ] 22(15.4) 44(33.6) 12.715 <0.001
AR/ [ (% ) ] 6(4.2) 13(9.9) 2.625 0.105
RS ZE/[1(%) ] 4(2.8) 26(19.8) 12.018 0.001
PRAZE/[ (%) ] 27(18.9) 35(26.7) 0.969 0.325
FERBITHN®R/[H(%) ] 13(9.0) 21(16.0) 1.8 0.180
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Table 2. Laboratory indicators of calcified group and non-calcified group

S8 AE45ILd (n=143) AL (n=131) t/H P

WLEF/ ( wmol/L) 690. 44+389. 35 796. 48+£354.29 -2.351 0.019
BE/ (mmol/L) 0.92+0.19 0.97+0.26 2.041 0.042
£/ ((wmol/L) 88.21x11.55 77.09+15. 84 6.586 <0.001
i/ (wmol/L) 12.10+3.99 13.99+3.76 -4.020 <0.001
il /B LU AE 0.14%0.05 0.19+0.08 -6.590 <0.001
45/ ( mmol/L) 2.15+0.25 2.13+0.23 -0.704 0.482
B/ (mmol/L) 1.61+0.52 1.6520.52 -0. 608 0.543
A 3.26(2.70,4.10) 3.67(2.49,4.43) -0.577 0.564
R C RN/ (mg/L) 1.2(0.6,5.95) 3.75(0.8,10.95) -2.659 0.008
1 %5 FE R 2R 1/ (mmol/1L) 1.04(0.88,1.31) 0.94(0.81,1.16) -2.046 0.041
B EBERR S/ (U/L) 90(71.00,119.75) 97(77.00,145.00) -2.385 0.017
25 A2 D/ (ng/L) 120.8(83.2,186.0) 125.1(69.9,229.5) -0.246 0.805
HUR S IR E / (ng/ 1) 162(63.58,430.75) 212(98.3,529.5) -1.721 0.085

2.3 BRH;KSBURSEXESHT

Spearman AT W7, Ay (r=0. 183, P=
0.048) LB (r=0.198, P =0.024) ML 15 4 (r =
0.356,P<0.001) Hl/ B LLAE (r=0. 477, P<0.001)

ALY PRI IR (P<0. 00154 4)

3. BREBKSHRSERED T

Table 3. Correlation analysis of coronary artery

5 CACS B IFAHG, MW 8K (r=-0.387, P< calcification scores
0.001) 5 CACS 2HMAAK(FE3) LES r P
2.4 BREBKSEHBREE Logistic BIRS4 ik 0.183 0.048
DU A 5  ESB  y  dAr —oe D o oo
Logistic @Jﬂﬁ*ﬁ,$ﬂ%ﬁ*ﬁ/n%ﬁﬂ?%ﬁ@\CKD b —6.387 <6.001
S 3 AEREVE L EE BT 4 ORI IR LRE L LB 0,356 0,001
i B AT TR DL SRR B AR S A 1Y /e 0.477 <0.001
TR SR ES AL A A KA AESE 27 Rk (P<0.05) o @i piE 0.018 0.866
Z R R Wos AR LT A AR B LU R R EIRE N -0.131 0.260
TERSIIK LM ST W D 2 3 B TRk Bk BREERRNG 0.029 0.764
* 4. BARBNBKSEL Logistic H I35 47
Table 4. Logistic regression analysis of coronary artery calcification
BRI A3 ZHRHT
FSE
OR 95% CI P OR 95% CI P

AU 1.073 1.047 ~1.099  <0.001 1.085 1.055~1.116  <0.001
W bR 2.824  1.577~5.055  <0.001
18 PE BT 7301 (15 3 A LE) 43 1.400  0.352~5.572  0.633

54 1.560 0.463 ~5.252 0.473

5d # 2.939 1.009 ~8.559 0.048 5
BT (HARE L) MBHESNT  2.572 1.412~4.684  0.002

& R AT 1.679 0.893 ~3.158 0. 108
B C RMEN 1.008  0.996~1.020  0.19%4
JILI 1.001 1.000 ~1.001 0.021 1.001 1.000 ~1.002 0.112
B 3.274 1.017 ~10.537 0.047 1.994  0.269 ~14.081 0.500
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R E S EASES e
H#
OR 95% CI P OR 95% CI P

R ER AL 1.001  0.999 ~1.003  0.160

AR 1.040  0.917 ~1.181 0.539

B 0.942  0.923~0.961  <0.001 0.948  0.925~0.973 <0.001
il 1.132  1.063 ~1.205  <0.001 1.114  1.027 ~1.208  <0.001
B/ HUAE. 1.152 1.098 ~1.209  <0.001 1.143 1.078 ~1.211  <0.001

T 25 HAL SRR ARG/,

2.5 FEERBIBKES TN E S

Litsi Logistic BT 85 5, DU & A etk 8l
JKESAL A RS AR B 25 1) ROC 4R, 45 5 R 4RI
M E] BRI A ROC i<k TTEAL(AUC) 40510 K
0.731(95% CI:0.669 ~0.794, P<0.001) 0. 661
(95% C1:0. 596 ~0. 726, P<0. 001) .0.593(95% CI
0.525 ~0.661,P=0.008) ; /& i 5 %4 ( body mass in-
dex, BMI) | H1 AR 5% i 38 % ( parathyroid hormone,
PTH) ) AUC 43514 0. 538 0. 564 , 22 F ¥ LG 11
B (P>0.05) ; MIEFE 4 /5 LT AUC 4351
9°0.301(95% CI:0.239 ~0.362,P<0.001) .0. 650
(95% C1:0.585 ~0.715,P<0.001) .0.716(95% CI
0.656 ~0.777,P<0.001 ;& 1),

10 ) A
0.8}
0.6
i
=
T 04t
&
— A
B /SR 1A
— 5E%
0 ! 1 ]
0 0.2 0.4 0.6 0.8 1.0

1-$5RE

B 1. 124 SR B E IEEE. R/ S E
CAC #J ROC B &5 #r
Figure 1. ROC curve analysis of serum Zn, Cu and Cu/Zn
ratio in predicting CAC in patients with CKD
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AW S AR 45, TR TR v
BTE MRS A A b B U E S,
T 45 200 J R RS o, i/ 2R W WSR2 s
PEENERR A W E AT = 5 IR N
S HS 5 R A R R
it e S AL G | ST ) B AR T | i A R AR A A
Xof ML AR TR GRS 1 A VR AR 5 2k 1) I S
F A L 8 SRR A L S 4 2 AR
W R B Rt 2 ZUE O A R
SCEL MR — A 2 R A B AR AE I
7 AR T A AR 2L | A R A 2 ik
BA AL R AT L o A R AE
7 AHMLPR T /N £ AR A5 D TR IR B I 2544, An
H I F5IE, B CKD R3O MU I & A 26
FET-%, Voelkl 45 IESTHE AT LI 8 BHHURZ 1K/
G M FURBR AR 1) M IR SE N 7 o B2 3
(tumor necrosis factor-a-induced protein 3, TNFAIP 3)
SRR, TNFATP3 7K F- (9 T o 30 i1 2% [ 7 B
(nuclear factor-kappa B, NF-xB) 9 303 , 1 1% 1k A9
NF-«B 7 A0 7, 5 L R 1 2R3, e ik Wi 4
M S 3 WL 40 B ( vascular smooth muscle cell,
VSMC) [l B/ B¢ 4 i 2 R 5 434k, e il 8 854k
Nagy %5 57 2 W 52075 5 9 F ( hypoxia-inducible
factor, HIF ) fiE i VSMC A5 90 09 2K i 28 R 1Y
ik INERE T VSMC #504k i RE LA AR
77 X —ad . S REAH B, S Y Tk B AR R AE
2T W5 2S5 AR JE R Y 4
JRAE FAHDC, AR N A o 2 2 T BUR A B BRI
5 e ) L) R AR ek ARl U A g R e
TR W 240 e P T e SRR A Y A A T S8
A AR

i/ A PO AR S e T A 1 i R 1 P, AN A
SEEIRARIR 3B I AAE KN AN A A I B AR bR A
Y., Escobedo-Monge 25> A Ay | BuUph il & 1fiL 375 4% /K
SEANRE 4 TH S WAL B BRAR B0, T AR/ B L AE R I
WA Vi £ 2 b B8 3% B Bk = R R RE IR 25 1Y 48 A
Maugeri 45>V ffF 57 6 W, /% LU A8 AT LA SZ R 41 i 4
AT, F2 2050 Jok P - o I J5E 2 2t <7 s o PR
=, IRV S IRk R B AL RE B . BEALAT ST K BE A
REPE 70 28 A/ BE LU T 7R 70 & L B
EZECE T, S/ BE 5 BR P RBE T A B TE A
SO RIS R B v A EME S R R
CAC &AM X WAL — &R FIPAG 7IRATE
FULES AR 5 CAC & A= R 22 8] K& R WF 5T 45
SR ER A

ARBFFEMAFAE—LEA L Z AL, B rf /MR R
WIS JC LA 4 B S CAC Z 1) A D 2R 45
8, WU BRAE AR OWLEEI TR B BASBIE S,
DT B S CAC #EEZRIER R

2 L aA e AR Sl DK CES A F A L B K CF- B
B A/ A EE A IR T, SR S Bk S AL BR 2 5
B U IEAOG, SRR OO R I i A
RIS 5 /B B S AR 3 kS A 1 Ak 57 f
G PER /B EU AR AT LB b 00 e R 2 K B 1k
% A5 T (A5 i, o 1 PR DS M B 7
I AA B

[ BE k]

[1] SUN L, XU H, WANG Y, et al. The mitochondrial-
targeted peptide SBT-20 ameliorates inflammation and oxi-
dative stress in chronic renal failure [ J]. Aging ( Albany
NY), 2020, 12(18) . 18238-18250.

[2] WANNER C, HERZOG C A, TURAKHIA M P, et al.

[

Chronic kidney disease and arrhythmias: highlights from a
Kidney disease; improving global outcomes (KDIGO) contro-
versies conference| J]. Kidney Int, 2018, 94(2); 231-234.

[3] AHMADMEHRABI S, TANG W H W. Hemodialysis-in-
duced cardiovascular disease[ J]. Semin Dialysis, 2018,
31(3) . 258-267.

[4] CHEN Z, GORDILLO-MARTINEZ F, JIANG L, et al.
Zinc ameliorates human aortic valve calcification through
GPR39 mediated ERK1/2 signalling pathway[ J]. Cardio-
vasc Res, 2021, 117(3) . 820-835.

[5] NAGY A, NAGY A, PETHO D, et al. Zinc inhibits HIF-
prolyl hydroxylase inhibitor-aggravated VSMC calcification
induced by high phosphate [ J]. Front Physiol, 2020,
10, 1584.

[6] CHEN W, EISENBERG R, MOWREY W B, et al. Asso-
ciation between dietary zinc intake and abdominal aortic
calcification in US adults [ J].
2020, 35(7) . 1171-1178.

[7] ARUMUGAM G, PADMANABAN M, KRISHNAN D, et

al. Influence of copper, iron, zinc and Fe’* haemoglobin

Nephrol Dial Transplant,

levels on the etiopathogenesis of chronic calcific pancreati-
tis; a study in patients with pancreatitis[ J]. Biol Trace
Elem Res, 2011, 142(3) ; 424-434.

(8] HEHY, WANG Y L, YANG Z D, et al. Association be-
tween serum zinc and copper concentrations and copper/
zinc ratio with the prevalence of knee chondrocalcinosis: a
cross-sectional study [ J]. BMC Musculoskelet Disord,
2020, 21(1): 97.

[9] Juf, x| A, BRE3E, 55 @RS IKESLIT 0BG
TG/HDLC {EXF ZERF A ML 025 A R o ML 201 11 i



CN 43-1262/R  mh [E sk fb 42k 2022 4F5

30 #5

12

1057

[10]

[13]

[14]

[16]

[17]

[20]

[21]

BHELT]). ESIKEEL R, 2021, 29(1) : 66-69.
FAN Y M, LIU H, CHEN Z Y, et al. Screening value of
coronary calcification score combined with TG/HDLC value
forcardiovascular events in patients undergoing maintenance
hemodialysis [ J ]. 2021, 29(1):
66-69.

MIZUIRI S, NISHIZAWA Y, DOI T, et al. Iron, coronary

Chin ] Arterioscler,

artery calcification, and mortality in patients undergoing he-
modialysis[ J]. Ren Fail, 2021, 43(1); 371-380.

CHEN Z, ZHOU Y, YANG T. Histopathological assessment
of radial artery calcification in patients with end-stage kidney
disease[ J]. Ren Fail, 2021, 43(1) : 362-370.

MATAR A, JENNANI S, ABDALLAH H, et al. Serum i-
ron and zinc levels in lebanese multiple sclerosis patients
[J]. Acta Neurol Taiwan, 2020, 29(1): 5-11.
POMPANO L M, BOY E. Effects of dose and duration of
zinc interventions on risk factors for type 2 diabetes and
a systematic review and Meta-a-
nalysis[ J]. Adv Nutr, 2021, 12(1) ; 141-160.
MOYNIER F, BORGNE M L, LAOUD E, et al. Copper

cardiovascular disease:

and zinc isotopic excursions in the human brain affected
by Alzheimer’s disease[ J].
2020, 12(1): el2112.

ATAKUL T, ALTINKAYA S O, ABAS B, et al. Serum

Alzheimers Dement ( Amst) ,

copper and zinc levels in patients with endometrial cancer
[J]. Biol Trace Elem Res, 2020, 195(1) . 46-54.
BJORKLUND G, DADAR M, PIVINA L, et al. The role
of zinc and copper in insulin resistance and diabetes melli-
tus[ J]. Curr Med Chem, 2020, 27(39) : 6643-6657.
WACEWICZ M, SOCHA K, SOROCZYNSKA ],

copper, Cu/Zn ratio and total antioxidant

et al.
Selenium , zinc,
status in the serum of vitiligo patients treated by narrow-
band ultraviolet-B phototherapy[ J]. J Dermatolog Treat,

2018, 29(2) : 190-195.

PAWLITZKI M, UEBELHOR J, SWEENEY-REED C M,
et al. Lower serum zinc levels in patients with multiple
sclerosis compared to healthy controls [ J]. Nutrients,
2018, 10(8) : 967.

KR, Shm, MO, % R S50 A SR
FEHRE[I]. B, 2017, 38(12B) ; 42-43.

ZHANG R J, JIA X L, XIAO C, et al. Progress in zinc
deficient related cardiovascular disease[ J]. Med Philoso-
phy, 2017, 38(12B) . 42-43.

T, Wk . BRI IR ORI
(1], AR IR =k, 2019, 35(11) : 861-865.

GUO G Y, YAO L. Research progress on the protective
effect of zinc on chronic kidney disease[ J]. Chin J Neph-
rol, 2019, 35(11) . 861-865.

WL, RWETE. T AE B AR R B L 1 Qs

[22]

[24

[

[25]

[26]

[27]

(28]

[29]

[30]

griklE[J]. PHRAER, 2020, 22(1) : 46-48.

YANG J X, JIANG H W. Research progress of serum

copper metabolism in patients after digestive tract recon-

struction[ J ]. J Milit Surg Southwest Chin, 2020, 22

(1) 46-48.

RERER, MEFS, T 18V E Mk R & P Ek = 1y

WHFEBERELT]. '%‘HLU% '?Ja*f'%*é#ﬁnhu 2020, 29

(3): 265-269.

ZHU Y Y, TAO SM, WANG D G. Research progress on

zinc deficiency in chronic kidney disease patients[J]. J

Nephrol Dialy Transplant, 2020, 29(3) ; 265-269.

ﬂ: e, ZEEFe. A S R S B B 5 R
B SHERERE, 2018, 35(3) ; 272-276.

YUY, LI H L. Copper metabolism disorders and related

J Environ Health,

[J].

diseases: a review of recent studies[ J].
2018, 35(3) . 272-276.

PN, XTGF. SRR S A A5 Ak 5 3L )
PUIANIG RS SCLY ], b Sh kA fe 2% &, 2020, 28
(2): 169-174.

SUN X J, LIU N F. Focus on the common pathogenesis
and clinical significance of diabetes mellitus and vascular
calcification [ J ]. Chin J Arterioscler, 2020, 28 (2):
169-174.
VOELKL J A,
Zinc inhibits phosphate-induced vascular calcification
through TNFAIP3-mediated suppression of NF-k B[ J]. J
Am Soc Nephrol, 2018, (6) : 1636-1648.

MENG J B, HU M H, ZHANG M, et al. The correlation

TUFFAHA R B, LUONGTTD A, et al.

between whole blood copper (Cu), zinc ( Zn) levels and
Cu/Zn ratio and sepsis-induced left ventricular systolic
dysfunction ( SILVSD) in patients with septic shock: a sin-
gle-center prospective observational study[J]. Int J Gen
Med, 2021, 14. 7219-7234.

MORALES S, NAEL A, BUCHBINDER D. Copper defi-
ciency and cytopenias [ J]. J Pediatr Hematol Oncol,
2021, 43(2) . 68-69.

ESCOBEDO-MONGE M F, BARRADO E, ALONSO V C, et
al. Copper and copper/zinc ratio in a series of cystic fibrosis
patients[ J]. Nutrients, 2020, 12(11) ; 3344.

MAUGERI A, HRUSKOVA ], JAKUBIK J, et al. Dietary
antioxidant intake decreases carotid intima media thickness
in women but not in men: a cross-sectional assessment in
the Kardiovize study [ J]. Free Radic Biol Med, 2019,
131 274-281.

SCHNEIDER T, CAVIEZEL D, AYATA C K, et al. The
copper/zinc ratio correlates with markers of disease activity
in patients with inflammatory bowel disease[J]. Crohns

Colitis 360, 2020, 2(1) : otaa001.

(UesComs VPSR



