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Abstract

Vascular calcification (VC) is a common vascular lesion in patients with chronic kidney disease
(CKD), which can exacerbate cardiac afterload, lead to myocardial ischemia, left ventricular
hypertrophy, and heart failure, thereby increasing the incidence and mortality of cardiovascular
events in dialysis patients. Vascular calcification can be mainly divided into intimal calcification
and media calcification based on its location. The pathogenesis of VC in CKD is complex, involving
multiple factors and mechanisms, and there is still a lack of effective VC treatment methods in
clinical practice. Therefore, this article will elaborate on the study of vascular calcification in
maintenance hemodialysis patients from the perspectives of epidemiology, pathogenesis, risk
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1. 5|8

I H e TR ) b R RKEE . R T R RN R e T R B4 L LBE LR JAMA A RNE 7T
JAMA Internal Medicine & [ — WA 72 S, 2018~2019 SEFE A 8200 318 1 5 IF7 (CKD)RR A Hi ¥ .
CKD. BIREZH . EARMKERED N 8.2%. 2.2%H1 6.7%, HAIBEHRN 10%. HFssRiEn, i
F+4E, REM CKD BRE T T 30%, HYE eGFR i B MDRD AR5, H 2009~2010 £/ 10.8%
B2 HATH 7.6% [1]o (HILHAA M S — 55 ABER K J&8 ESRD. ESRD B JE TR AFFEA =T 20%,
AT LR 2 O MEER(CVD), 295 850 NEUH) 60%, 2@ AHER 10~20 fi[2]. dik3)
k5 4b(CAC) & CVD e W EERIL 2 —, HAEI O8N CKD B3 IR CVD KIET: ML fa R &,
AEREFRIEIMEERINT., CAC FrEUEE FISET R L) 5 CKD & BAET M) 30%/4A4(3] [4]. 1E
CKD &, CAC MRk, HAES M BIIELE.

2. REHH

BTN, IR —ADEDN, B2 ™SR TR i 2. /£ ESRD
R AT DA B P B MM ES A B G . 18 B R R 1) I A A Tk A AR Bl K A P R
WL, R AEAE NIRRT S LAB K FERE AL R DU 20, (H 2 DL IS4y 32, PR monckeberg’s 851k, H
SR AR AE A YR T A P I 2 (0 TR S MR LRk, A SR I e (A B 3G, R 2 A
B RMMERAE, MENEAZEM. KT SR S EZNEE NS ——2EaE
TE B 110 HEL 20 O 7 I 9 B A R o SRR B, A B I A S LA i (vascular smooth muscle cell,
VSMO) [ B /8RB A R AR R BG4, SRR VR AE FRR[S]. TR X 2 VSMC TR T R A 7 2
) “E57, PRAREAHOCEE R AL R, TS BT 3T

3. EleEE

WRRIMEGSER R R, e 8. KENE . . R, MR . &R E R
SR G fa SR 26 O 0VE Se A R MHD B H I e kB A0 0 S TR, — S A% G fe B DR 3 T U e T2 oRd s
WAGBEAC T X AL(E S ). = HUIR 5% 8% & (intact parathyroid hormone, iPTH)ILSE . RAEIRS. EALN
BEE6] [7]6

3.1. MERE

B 1 ESBEARI ) 2L, 7RI 22 B AT A T AL T BRI Y R, AIRBR IILAE P R A FR AT i 18%
(8] IMESEAEE FRE 1 mg/dl, M5 KSR RN 71.6% (9] ARBEILAE P3G i A &30 U S T
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JARE[10]0 B4 si e v 9 B v L7 85 2 1R P T DLIE S st K S Ah gk g [ 1] B ESS TA FSHiss &5 1 ik
A, AT READHIES B 7 N, DGR R AR, B ARSI A T i B A e S A R 4
il Wnt/B-catenin I P& i 11 100 5% I~V JULAH MO B BB 64K [12]. Montes 5[ 131K 804701050 W 4% 3] v
IR 5 %5 S Wnt/B-catenin 15 5 18 B IS , 18 p-catenin 7 AL BN HUAZ N , Ffrizzled-3 FE Rk 38 A1, Dkk-1
B35 N H(Dkk-1 £ X j& Wnt/B-catenin I8 2% [F)RF RS PR (HA2 478865 AT #04] Wnt/B-catenin {5
SiEE, BERREE RERRT Cbfa-1 Al Os-terix [k, LIFFLINEIK T MGP flE Ry &
(osteo-protegerin, OPG), MTIHEMEF51k. F siRNA J{Ek TR-PM7 A] £ Wnt/f-catenin {5 5 38 B -
AMERT N 4ERE TR-PM7 BISEYE, TSR NEREME RS R AEEA-2 (bonemorphogeneticprotein,
BPM-2) 13 14 , 38 IS4k #i [KF — - #r 5 A (osteoponyin) « B T 25 & 4 & -7 (bonemorphogeneticprotein,
BPM-7)f1 MGP [f131A, M #i ifi 55 45 4. .

3.2. [RERRE

PRI /K3 i B AT 5 35 BT R 30 ISP R T U 3 I W B AH G [ 14 BhPsest R, = JRIBR IMUAE 7]
DU E VSMC ] BB 2B AR M on 4k, 3E Rl IS 540 R R A2 [15]. H 5 NIIBF AR e, 4ERF
P LV T S8 ) v R TR /K Y LA 5 A 1) R A SR TE AR DR [ 16 ] o 3T B0 S B I R 2 e IS A A4 R 1P I AR 025 A 8
FEFRI— RIFa0R, IRIRA UEATIRE, BT KFEAN DOPPS A7t th, (RREZ/K-F-5 HD &
FHARIETZ O MAETCT A, AH R AR KARIRER KT 5 e S 10 [1 5 A2 St e 5 AH 9%, AH SR
HRpt— B 5[17].

3.3. ¥ERI%

AR A CKD B3 e B ES Ab 0 fE N BE[ 18] SICHE IR ALMI L, BE IR 4L A E R
B Ak B RN S = ¥ CACS o e LB A 5 AR 3 SO P 1 LA L PR s i 419 o e bR E i 2
FERLAI S M M 254k, AR, M R SE AL & =R P 7 T BB RS . X L R & S EUE A (ROS)
(BN, 540 B 2R R M I~ UL B A R S 74 (201 ARAMIFC RN, oy B AT 51 2 h ke b 2B JE
FEAWE RS KEEA BMP-2 fl BMP-4 {13&ik[21].

3.4. MEERE

ARS8 2 MHD BEKIMIFRIEZ —, ATRESFENT I AEERRAR N AKE VAN 7 2 e, BN
JH 2RI AT I, IR I e PR R SOl 96 [22] o MHD 882 Tt Bk B 4 1) A ek Fe 5 v 5 FE IR 2 11 (Hligh density
lipoprotein, HDL) P « 1 %% & JIg &5 H (Low-density lipoprotein, LDL)F+ /5« H il =H&(Triglyceride, TG)Ft 5
HI[23] [24]. FEUIK HDL MUAE YR R AT RE 5 ESRD i UR T AR FE B gL , Bt 178 788 A
HDL AJ DL 40 B i) B R B /A A 4k, m] Lod i #0H] VSMC 15 Ak il L 454k S5 A 0ot
KIL, MHD £ ) HDL 7] DUR A S5 H DR eAs,  Houh O L (R ERA U A A 55, B BLE E 4R
ZH1[25] [26]. LDL A A2t VSMC £54k, 32 B2 il FRE Fd E A E I [27] .

3.5. BRI MRRHIERRE

MHD 38 % & I8 A P iR R EL, FERICEBEIE .. &8 ME. & iPTH K. Sty
20 s 4K [R T~ 23 (Fibroblast growth factor 23, FGF23)/K-F. 7EM2PE S AEZ s, v i nl i3 i i e s 1A
T osterix BWIENFIIMKE KRG RCE AL FRT, SEULEEIL28]. FEEmBRRA S REULE
AW E[29]. BT iPTH Z 58314585, 90% 1) MHD 35 & -4k & 1% HR 55 B 2 B8 7T i (secondary
hyperparathyroidism, SHPT), R A iPTH /KFF+&[30]. £ M T35 W0 H & P9 % 408 A 2 vl & B iPTH
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AR, iPTH W BB MBIK IR IR 2 R H R —, Rl KRk, om0 iPTH il S804 K )
RERsts, M5 i . 78 P O g 3 s RO IV PR T 2500 1 A S S A SR (31 A W AR SE, iPTH
KPR, ARSI R, S LR B, A5 Ak R TR [32]. (RIS . @, iPTH /K
PR LE 2% ek kA A 3t i AR oG EE

1) FGF-23 & e # 4H i S i A4 ) 4l , AT AR R T 2 A 2aias B, F AR B2 . A,
SEBEFI4EAE R D AR A E ZAT . BN ERIE 2 N . FGF23 T5 BRI . Klotho H A FRIA I |
T IR R K. SHPT 272 58 FGF23 Th R H[33]. #E5 ] CKD #3%  FGF23 Binf Fh, HBEE'S
THRERBAL T REAT METH R, ATIEIEH A 100~1000 1%, HIFmEE 5T msn b, B 5 3 5m
CKD-MBD R4 EEE L. MREZ MR RI, FGF23 5t ks it 2 IAHoE, HIt e ek
FEARE R BB ST TR F- . SRR AT RS . THE i FGEF23 BR 7181k 5 M B B - B - WO S5 iRt (7
fir, AP0 NEE O ME R SRR, FGF23 A LUEIL HOE FGF 21k 4, ERRIEUT4H
M A SORE R T, A B AL T8 2OEIRZS . FGF23 Hifflg# v, 5 HDL 21iMix, 5 TG
BIEAHR, EEHRIRLEAIEMEF S, BEM FGF23 K RE E[34] [35].

2) i AT M klotho 25 [ P& AR /& CACS 3E R (037 f& 6 R R [36] o M1 AT %1 25 19 B sKlotho (sKL),
e PG L . AR, BEE S ThRERRAL, sKL IR FEEBCRIERME, sKL FIE= LS 808
PR IR AR 2RS40 [37] . sKlotho 124 FGF23 M4# BHEE 1, w7 LABUE 4 AMS 5 U8 19 e, sl
A A i FGF23, ek JREEFRE, IR, sKlotho AT DA ELEAMSHI G IEANBEIL AL 12 B 1, b — D FRAR B,
K LA sKlotho 53t Ml MAE, 3k B s e Bk a5 1k (1 2 [38]. Uk4b, (K sKlotho 7K-F-i&nJ LA
Tk SR R W PR 9 S G £ 9 TR 2 R 3 et ik 5 A R i3 i A sKllotho AT DA i A A6 5 O N 2
PP TS, BRI N i, I = caspase-3 Al caspase-9 FIETE, IIad ML A 330 s JE Rt
W IR i &/ S R A K 7~ 1 (Insulin Growth Factor-1, IGF-1){5 5388, &0 R0 &% £ [39] [40].

3.6. {54545 FEH S100A12 #5

PEEE G S100A12 FE AT HD 3 CVD [P B AR B4, 2 HIREIEAL 2 7= 2 4K (receptor
for advanced glycation end products, RAGE) LR 2 —, T2t VR4 i 7 i AR 1A, Z SRR — R 5
FAEPE . AU B bR MR R B AR B A . HD B b S100A12 (kB v TId R . B e i 3%
THEREEARIRERE R A4M. C RMEASE, M5 S100A12 /K52 M4 P, Hh R B2 i) &
BT R E R ZK[41]. Joseph Gawdzik S5 N PIZNYISLI0 KL, FERIEN S100A12 =& T2 0% 15 A /)N
B ORI T SO R I A Ak, A AR BB T, 15 S100A12 3458 T Rk R4+ CKD
fil & AR X — 518, AR SEIGHE R ST00AT12 A3 A5 A FEH R T4 A0 RS 7= A, AT e id it
¥ & RAGE F1 NADPH-%A L/ Nox1 FI&1E[42].

4. INEISLEISHT

MG B OB N T2 B ZUh B VO RSN i i BER AT AL Z a6, B
)y ez i T IGAR CT 434, DURAS XU IR Bh IL I 20 702 SR E AT W E 4, R AR A A K
FA0[43]. VR 2 TCOIFIAT 6 G 4 AR Ol B DAl JC2:BORE RO R A 2H 22 43T 1R A GrEAR B ik« 3020 ik
F BN VCo TEIG R LT T, X LR 7 5 B T 5 2 Jik (a7 bR 20 ik ) BIRES 14 I FEE 2 975 14 20 ik
SEREREAL AT VPG RN 2030, F B g7 NS X P, A B WS X SRR (DXA)-
CT AR RAE(MRI). TR CT FZZIEHE CT HaT#A A & IR AR E B0 U 516 B bRtk 43]
SR, CT BRI 2 I LA S At R (W S 2 e ANB E fa E NP AN B . X 4P R A8 CT udgdm 3k
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Kb, (A5 CT ML B = RS E SR TE . TRZ KRN Z & bR #E R dEXT L CT RA
(B2 5y 2, AT DUSE VR AL BE SR, H T & UG A T30, 2RI A E &85 TR i 8
B BR[44] DXA FJ AR I & 18 = 2 BKES A AN 5% FE o 20 B2 S A 2 i SR sl ik (g 3l ik 320 ik
JEZNfK R BRI R VC $24E T 7ik[45]. WEFLRB, @ie PET-CT nf MGG, JF T RE7ERs
#E CT HAKIN 2 7 510 2 BT R pE A5 A BEHCRAS I 8 BEAH (B B, (HIE 75 B — P IR IE[44].

5. MESSHEETT

HarAN, M AS F T8 57T R R R 51k, — BT R, RIS R At e LUK Lg%
AL SR Y 00 T PR 4 i T B AE 200 L S AL I R A, BRI 25 26 F NI B L KRR FE 2 AT RERY . I R AE
RIT 25 BB T — S bR, AT R T NS RS AR, B B 4k AR R D A DA AL A 75 AR R 2E,
X2l CKD 8350 M S AL VA T 3 4L T 3201,
5.1. &S5

WA 5 2 B BT CKD Rt S A 8, GFR TR G, MBEHEMEERS, EY)E /N
Hemeran, JAREE S MBEEH T = . T M A S O A E5 LA, M H5S CKD BEMAR TG H
Ko VRITIEMNT B E FBEILGE 0 7 RS BR AR BB RN . TR A B &5 & 70 T I 45 A 771
Al PR BRI A S A A A RIS S 45 &7, 2003 EEEBERESS. IR IGRELKIEE
(NKF.K/DOQI)EE, X ™ B 454k (1) £ 3 PR il & 85 i 45 & A B« 2009 4E11) KDIGO R, X4
R LA A A 1) B PR 1) 5 T 45 S R R
5.2. #1555

kR MEFCIR S IR I RETCHE S B IPTH A, Bl &85, B, B Q0% & CKD-MBD [ Z 4 i
5y, T iPTH IME HAEE RS 5 T CKD B O M54k . &%t iPTH Fhi VA T7 A0 45 B 3 1 4
AR D RHEB . FARVIBRIA R BRSS IRIRRE . DRIES ), a2,
5.3. &4 E D ZEEEH

FERUE A R IR SR 4 R D AR EN 7 (VDRAS) B 40 = B A 77 B A 1175 S M 5 AL ) 1
F, Tk £ VDRAs WA X R &, Wiisr g B, 58 0 =80 B nT LD & 4546461 [47].
1B 2 47508 5 /NN, 3 BTH AT L@ K . klotho 2 A E & (1 2348 % ML 45 4k & 35 AR47 1 FH 48]
5.4. §t%F FGF23 BI3877

R ESRD B [ FGF23 F e 15 18 B E 5 4L I8 A7 75 8, FGF23 J& CKD.MBD &AL o 1)
EEIRY, B TR IE FGF23 /K°F, X isde O i & 454k vl BE A7 IR PR 2 o
5.5. ¢

PRAMIF TR N, BE T REIE L #H] Wnt/B-catenin 155, AT A M 4051 B R 2515 5 10 VSMCs 45
b, I HLAT CLRH 1E 32 SR A A S AR 2R K (4910 — TR RS 2 L, 7E CKD B3+, MgO 411 CAC
PO A A B AL B S /N T RRZH.(11.3%L0 39.5%), 1 AR B 7] AST-120 2H AN FEZH 2 18] CAC $F4r 1
B B 2. WHEALEE, A& AST-120, BUIFXF k% CAC #E A %4507,
5.6. H{bz549

T 44 % K St = 78 ESRD i oy ¥im, H4eE 2 K iSPiAcnsess) ay fgil i Fif AR Im
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A
m

PRIFFCUES, ELA BT PER RCT BFFUIE VAR 7844 3 K L 5 03 R (R
6. I

RERMTARZ R T UMk VC BT, (R VC ik BEAE B2 55 8 VAN 2 FE IR BRLAS T S 25950

R DURZSNIIT R BE— RN T MR E S5 AL T BE 2 51 A 2 MR ANR T 29I K, T 5
I BGE T 3 (O LA 45 ) o

SE K

(1]
(2]

(3]
(4]

[10]

[11]

[12]

FEEE, FRE A 8200 J7 BN BAZ M B LR AR AL 10% [J]. HFAEEE (5 B 51k, 2023, 38(5): 14-14.

Sharaf El Din, U.A., Salem, M.M. and Abdulazim, D.O. (2016) Vascular Calcification: When Should We Interfere in
Chronic Kidney Disease Patients and How? World Journal of Nephrology, 5, 398-417.
https://doi.org/10.5527/wijn.v5.i5.398

TRPZR. RYE B R R R ARPT 5 O IV HERAED]. BRAF T 43R, 2016, 29(6): 653-657.

Cozzolino, M., Mazzaferro, S., Pugliese, F. and Brancaccio, D. (2008) Vascular Calcification and Uremia: What Do
We Know? American Journal of Nephrology, 28, 339-346. https://doi.org/10.1159/000111827

Disthabanchong, S. (2012) Vascular Calcification in Chronic Kidney Disease: Pathogenesis and Clinical Implication.
World Journal of Nephrology, 1, 43-53. https://doi.org/10.5527/wijn.v1.i2.43

Fang, K., Chen, Z., Liu, M., Peng, J. and Wu, P. (2015) Apoptosis and Calcification of Vascular Endothelial Cell under
Hyperhomocysteinemia. Medical Oncology, 32, Article No. 403. https://doi.org/10.1007/s12032-014-0403-z

Liu, J., Ma, K.L., Gao, M., Wang, C.X., Ni, J., Zhang, Y., Zhang, X.L., Liu, H., Wang, Y.L. and Liu, B.C. (2012) In-
flammation Disrupts the LDL Receptor Pathway and Accelerates the Progression of Vascular Calcification in ESRD
Patients. PLOS ONE, 7, e47217. https://doi.org/10.1371/journal.pone.0047217

Yang, X., Soohoo, M., Streja, E., Rivara, M.B., Obi, Y., Adams, S.V., Kalantar-Zadeh, K. and Mehrotra, R. (2016)
Serum Magnesium Levels and Hospitalization and Mortality in Incident Peritoneal Dialysis Patients: A Cohort Study.
American Journal of Kidney Diseases, 68, 619-627. https://doi.org/10.1053/j.ajkd.2016.03.428

Ishimura, E., Okuno, S., Yamakawa, T., Inaba, M. and Nishizawa, Y. (2007) Serum Magnesium Concentration Is a
Significant Predictor of Mortality in Maintenance Hemodialysis Patients. Magnesium Research, 20, 237-244.
Sakaguchi, Y., Fujii, N., Shoji, T., Hayashi, T., Rakugi, H., Iseki, K., Tsubakihara, Y., Isaka, Y. and Committee of
Renal Data Registry of the Japanese Society for Dialysis Therapy (2014) Magnesium Modifies the Cardiovascular
Mortality Risk Associated with Hyperphosphatemia in Patients Undergoing Hemodialysis: A Cohort Study. PLOS
ONE, 9, e116273. https://doi.org/10.1371/journal.pone.0116273

Kircelli, F., Peter, M.E., Ok, E.S., Celenk, F.G., Yilmaz, M., Steppan, S., Asci, G., Ok, E. and Passlick-Deetjen, J.
(2012) Magnesium Reduces Calcification in Bovine Vascular Smooth Muscle Cells in a Dose-Dependent Manner.
Nephrology Dialysis Transplantation, 277, 514-521. https://doi.org/10.1093/ndt/gfr321

Montes de Oca, A., Guerrero, F., Martinez-Moreno, J.M., Madueno, J.A., Herencia, C., Peralta, A., Almaden, Y., Lo-
pez, 1., Aguilera-Tejero, E., Gundlach, K., Biichel, J., Peter, M.E., Passlick-Deetjen, J., Rodriguez, M. and Mufioz-Castafieda,
J.R. (2014) Magnesium Inhibits Wnt/f-Catenin Activity and Reverses the Osteogenic Transformation of Vascular
Smooth Muscle Cells. PLOS ONE, 9, €89525. https://doi.org/10.1371/journal.pone.0089525

WRPG R, sk, £ 55, 5. (RBE MUAE N =48 14 B IR A8 3 0o I/ 5 A RO 0 BATL AR (0], Il PR VB JIEE S 2% 35, 2021,
21(7): 594-598.

Hsu, S.P., Pai, M.F., Peng, Y.S., Chiang, C.K., Ho, T.I. and Hung, K.Y. (2004) Serum Uric Acid Levels Show a

“J-Shaped” Association with All-Cause Mortality in Haemodialysis Patients. Nephrology Dialysis Transplantation, 19,
457-462. https://doi.org/10.1093/ndt/gfe563

RY, B, 5, L. 181 B DR R 4k & s JRIR MU (R 3 4510 )] A F 224K, 2016, 68(6): 709-715.
B 77, 250, XIS, 5. YRR IBOE AT 8 IR ER 5 e kS 1k I AH SR JE[I]. h B PE R 45 & B A&,
2018, 19(4): 324-326.

Latif, W., Karaboyas, A., Tong, L., Winchester, J.F., Arrington, C.J., Pisoni, R.L., Marshall, M.R., Kleophas, W., Le-
vin, N.W., Sen, A., Robinson, B.M. and Saran, R. (2011) Uric acid Levels and All-Cause and Cardiovascular Mortality
in the Hemodialysis Population. Clinical Journal of the American Society of Nephrology, 6, 2470-2477.

DOI: 10.12677/acm.2024.141009 68 I IR = =23t e


https://doi.org/10.12677/acm.2024.141009
https://doi.org/10.5527/wjn.v5.i5.398
https://doi.org/10.1159/000111827
https://doi.org/10.5527/wjn.v1.i2.43
https://doi.org/10.1007/s12032-014-0403-z
https://doi.org/10.1371/journal.pone.0047217
https://doi.org/10.1053/j.ajkd.2016.03.428
https://doi.org/10.1371/journal.pone.0116273
https://doi.org/10.1093/ndt/gfr321
https://doi.org/10.1371/journal.pone.0089525
https://doi.org/10.1093/ndt/gfg563

[18]

[19]

[20]

[21]

[22]

(23]

[33]

[34]

https://doi.org/10.2215/CIN.00670111

Russo, D., Morrone, L.F., Imbriaco, M., Pota, A., Russo, L., Scognamiglio, B. and Sorrentino, R. (2013) Coronary Ar-
tery Calcification and Outcomes in Diabetic Patients with and without Chronic Kidney Disease. Blood Purification, 36,
17-20. https://doi.org/10.1159/000350580

Fadini, G.P., Pauletto, P., Avogaro, A. and Rattazzi, M. (2007) The Good and the Bad in the Link between Insulin Re-
sistance and Vascular Calcification. Atherosclerosis, 193, 241-244.
https://doi.org/10.1016/j.atherosclerosis.2007.05.015

Cano-Megias, M., Bouarich, H., Guisado-Vasco, P., Pérez Fernandez, M., de Arriba-de la Fuente, G., Alvarez-Sanz, C.
and Rodriguez-Puyol, D. (2019) Coronary Artery Calcification in Patients with Diabetes Mellitus and Advanced
Chronic Kidney Disease. Endocrinologia, Diabetes y Nutricion (Engl Ed), 66, 297-304.
https://doi.org/10.1016/j.endien.2018.09.003

Chen, N.X., Duan, D., O’Neill, K.D. and Moe, S.M. (2006) High Glucose Increases the Expression of Cbfal and
BMP-2 and Enhances the Calcification of Vascular Smooth Muscle Cells. Nephrology Dialysis Transplantation, 21,
3435-3442. https://doi.org/10.1093/ndt/gf1429

INERIGE, FRIK 2. 18k B IR o Al A 25U AR 52 0 R 3R R LA RO BIF Tk e (0. o I o o R A R A S
2014(6): 546-548.
Wang, Y.N., Sun, Y., Wang, Y. and Jia, Y.L. (2015) Serum S100A12 and Progression of Coronary Artery Calcifica-

tion over 4 Years in Hemodialysis Patients. American Journal of Nephrology, 42, 4-13.
https://doi.org/10.1159/000438869

Tamashiro, M., Iseki, K., Sunagawa, O., Inoue, T., Higa, S., Afuso, H. and Fukiyama, K. (2001) Significant Associa-
tion between the Progression of Coronary Artery Calcification and Dyslipidemia in Patients on Chronic Hemodialysis.
American Journal of Kidney Diseases, 38, 64-69. https://doi.org/10.1053/ajkd.2001.25195

Kameda, T., Ohkawa, R., Yano, K., Usami, Y., Miyazaki, A., Matsuda, K., Kawasaki, K., Sugano, M., Kubota, T. and
Tozuka, M. (2015) Effects of Myeloperoxidase-Induced Oxidation on Antiatherogenic Functions of High-Density Li-
poprotein. Journal of Lipids, 2015, Article ID: 592594. https://doi.org/10.1155/2015/592594

Yamamoto, S., Yancey, P.G., Ikizler, T.A., Jerome, W.G., Kaseda, R., Cox, B., Bian, A., Shintani, A., Fogo, A.B.,
Linton, M.F., Fazio, S. and Kon, V. (2012) Dysfunctional High-Density Lipoprotein in Patients on Chronic Hemodia-
lysis. Journal of the American College of Cardiology, 60, 2372-2379. https://doi.org/10.1016/j.jacc.2012.09.013

Parhami, F., Morrow, A.D., Balucan, J., Leitinger, N., Watson, A.D., Tintut, Y., Berliner, J.A. and Demer, L.L. (1997)
Lipid Oxidation Products Have Opposite Effects on Calcifying Vascular Cell and Bone Cell Differentiation. A Possible
Explanation for the Paradox of Arterial Calcification in Osteoporotic Patients. Arteriosclerosis, Thrombosis, and Vas-
cular Biology, 17, 680-687. https://doi.org/10.1161/01.ATV.17.4.680

Mathew, S., Tustison, K.S., Sugatani, T., Chaudhary, L.R., Rifas, L. and Hruska, K.A. (2008) The Mechanism of
Phosphorus as a Cardiovascular Risk Factor in CKD. Journal of the American Society of Nephrology, 19, 1092-1105.
https://doi.org/10.1681/ASN.2007070760

Kurnatowska, 1., Grzelak, P., Kaczmarska, M., Stefanczyk, L. and Nowicki, M. (2011) Serum Osteoprotegerin Is a
Predictor of Progression of Atherosclerosis and Coronary Calcification in Hemodialysis Patients. Nephron Clinical
Practice, 117, ¢297-c¢304. https://doi.org/10.1159/000321169

Block, G.A., Klassen, P.S., Lazarus, J.M., Ofsthun, N., Lowrie, E.G. and Chertow, G.M. (2004) Mineral Metabolism,
Mortality, and Morbidity in Maintenance Hemodialysis. Journal of the American Society of Nephrology, 15,2208-2218.
https://doi.org/10.1097/01.ASN.0000133041.27682.A2

Bosworth, C., Sachs, M.C., Duprez, D., Hoofnagle, A.N., Ix, J.H., Jacobs Jr., D.R., Peralta, C.A., Siscovick, D.S.,
Kestenbaum, B. and de Boer, I.H. (2013) Parathyroid Hormone and Arterial Dysfunction in the Multi-Ethnic Study of
Atherosclerosis. Clinical Endocrinology (Oxf), 719, 429-436. https://doi.org/10.1111/cen.12163

Coen, G., Manni, M., Mantella, D., Pierantozzi, A., Balducci, A., Condo, S., DiGiulio, S., Yancovic, L., Lippi, B.,
Manca, S., Morosetti, M., Pellegrino, L., Simonetti, G., Gallucci, M.T. and Splendiani, G. (2007) Are iPTH Serum
Levels Predictive of Coronary Calcifications in Haemodialysis Patients? Nephrology Dialysis Transplantation, 22,
3262-3267. https://doi.org/10.1093/ndt/gfm370

Yamashita, T., Yoshioka, M. and Itoh, N. (2000) Identification of a Novel Fibroblast Growth Factor, FGF-23, Prefe-
rentially Expressed in the Ventrolateral Thalamic Nucleus of the Brain. Biochemical and Biophysical Research Com-
munications, 277, 494-498. https://doi.org/10.1006/bbrc.2000.3696

Singh, S., Grabner, A., Yanucil, C., Schramm, K., Czaya, B., Krick, S., Czaja, M.J., Bartz, R., Abraham, R., Di Marco,
G.S., Brand, M., Wolf, M. and Faul, C. (2016) Fibroblast Growth Factor 23 Directly Targets Hepatocytes to Promote

Inflammation in Chronic Kidney Disease. Kidney International, 90, 985-996.
https://doi.org/10.1016/j.kint.2016.05.019

DOI: 10.12677/acm.2024.141009 69 I IR = =23t e


https://doi.org/10.12677/acm.2024.141009
https://doi.org/10.2215/CJN.00670111
https://doi.org/10.1159/000350580
https://doi.org/10.1016/j.atherosclerosis.2007.05.015
https://doi.org/10.1016/j.endien.2018.09.003
https://doi.org/10.1093/ndt/gfl429
https://doi.org/10.1159/000438869
https://doi.org/10.1053/ajkd.2001.25195
https://doi.org/10.1155/2015/592594
https://doi.org/10.1016/j.jacc.2012.09.013
https://doi.org/10.1161/01.ATV.17.4.680
https://doi.org/10.1681/ASN.2007070760
https://doi.org/10.1159/000321169
https://doi.org/10.1097/01.ASN.0000133041.27682.A2
https://doi.org/10.1111/cen.12163
https://doi.org/10.1093/ndt/gfm370
https://doi.org/10.1006/bbrc.2000.3696
https://doi.org/10.1016/j.kint.2016.05.019

oA

[35]

[41]

[42]

Mirza, M.A., Alsi6, J., Hammarstedt, A., Erben, R.G., Michaélsson, K., Tivesten, A., Marsell, R., Orwoll, E., Karlsson,
M.K., Ljunggren, O., Mellstrém, D., Lind, L., Ohlsson, C. and Larsson, T.E. (2011) Circulating Fibroblast Growth
Factor-23 Is Associated with Fat Mass and Dyslipidemia in Two Independent Cohorts of Elderly Individuals. Arterios-
clerosis, Thrombosis, and Vascular Biology, 31, 219-227. https://doi.org/10.1161/ATVBAHA.110.214619

Zheng, S., Zheng, Y., Jin, L., Zhou, Z. and Li, Z. (2018) Relationship between Serum Soluble Klotho Protein and Co-
ronary Artery Calcification and Prognosis in Patients on Maintenance Hemodialysis. [ranian Journal of Public Health,
47,510-518.

Hu, M.C., Shi, M., Zhang, J., Quifiones, H., Griffith, C., Kuro-o, M. and Moe, O.W. (2011) Klotho Deficiency Causes
Vascular Calcification in Chronic Kidney Disease. Journal of the American Society of Nephrology, 22, 124-136.
https://doi.org/10.1681/ASN.2009121311

Hum, J.M., O’Bryan, L.M., Tatiparthi, A.K., Cass, T.A., Clinkenbeard, E.L., Cramer, M.S., Bhaskaran, M., Johnson,
R.L., Wilson, J.M., Smith, R.C. and White, K.E. (2017) Chronic Hyperphosphatemia and Vascular Calcification Are
Reduced by Stable Delivery of Soluble Klotho. Journal of the American Society of Nephrology, 28, 1162-1174.
https://doi.org/10.1681/ASN.2015111266

Ikushima, M., Rakugi, H., Ishikawa, K., Mackawa, Y., Yamamoto, K., Ohta, J., Chihara, Y., Kida, I. and Ogihara, T.
(2006) Anti-Apoptotic and Anti-Senescence Effects of Klotho on Vascular Endothelial Cells. Biochemical and Bio-
physical Research Communications, 339, 827-832. https://doi.org/10.1016/j.bbrc.2005.11.094

Utsugi, T., Ohno, T., Ohyama, Y., Uchiyama, T., Saito, Y., Matsumura, Y., Aizawa, H., Itoh, H., Kurabayashi, M.,
Kawazu, S., Tomono, S., Oka, Y., Suga, T., Kuro-o, M., Nabeshima, Y. and Nagai, R. (2000) Decreased Insulin Pro-
duction and Increased Insulin Sensitivity in the Klotho Mutant Mouse, a Novel Animal Model for Human Aging. Me-
tabolism, 49, 1118-1123. https://doi.org/10.1053/meta.2000.8606

Mori, Y., Kosaki, A., Kishimoto, N., Kimura, T., lida, K., Fukui, M., Nakajima, F., Nagahara, M., Urakami, M., Iwa-
saka, T. and Matsubara, H. (2009) Increased Plasma S100A12 (EN-RAGE) Levels in Hemodialysis Patients with
Atherosclerosis. American Journal of Nephrology, 29, 18-24. https://doi.org/10.1159/000148646

Gawdzik, J., Mathew, L., Kim, G., Puri, T.S. and Hofmann Bowman, M.A. (2011) Vascular Remodeling and Arterial
Calcification Are Directly Mediated by S100A12 (EN-RAGE) in Chronic Kidney Disease. American Journal of
Nephrology, 33, 250-259. https://doi.org/10.1159/000324693

Nakahara, T., Dweck, M.R., Narula, N., et al. (2017) Coronary Artery Calcification: From Mechanism to Molecular
Imaging. JACC: Cardiovascular Imaging, 10, 582-593. https://doi.org/10.1016/j.jcmg.2017.03.005

Wang, Y., Osborne, M.T., Tung, B., ef al. (2018) Imaging Cardiovascular Calcification. Journal of the American Heart
Association, 7, €008564. https://doi.org/10.1161/JAHA.118.008564

Smith, E.R., Hewitson, T.D. and Holt, S.G. (2019) Diagnostic Tests for Vascular Calcification. Advances in Chronic
Kidney Disease, 26, 445-463. https://doi.org/10.1053/j.ackd.2019.07.001

Lopez, 1., Mendoza, F.J., Aguilera-Tejero, E., ef al. (2008) The Effect of Calcitriol, Paricalcitol, and a Calcimimetic on
Extraosseous Calcifications in Uremic Rats. Kidney International, 73, 300-307. https://doi.org/10.1038/sj.ki.5002675

Cozzolino, M., Staniforth, M.E., Liapis, H., ef al. (2003) Sevelamer Hydrochloride Attenuates Kidney and Cardiovas-
cular Calcifications in Long-Term Experimental Uremia. Kidney International, 64, 1653-1661.
https://doi.org/10.1046/j.1523-1755.2003.00284.x

Lau, W.L., Leaf, EM., Hu, M.C,, ef al. (2012) Vitamin D Receptor Agonists Increase Klotho and Osteopontin While
Decreasing Aortic Calcification in Mice with Chronic Kidney Disease Fed a High Phosphate Diet. Kidney Internation-
al, 82, 1261-1270. https://doi.org/10.1038/ki.2012.322

Oca, A., Guerrero, F., Martinez-Moreno, J.M., ef al. (2014) Magnesium Inhibits Wnt/f-Catenin Activity and Reverses
the Osteogenic Transformation of Vascular Smooth Muscle Cells. PLOS ONE, 9, ¢89525.
https://doi.org/10.1371/journal.pone.0089525

Sakaguchi, Y., Hamano, T., Obi, Y., ef al. (2019) A Randomized Trial of Magnesium Oxide and Oral Carbon Adsor-
bent for Coronary Artery Calcification in Predialysis CKD. JASN, 30, 1073-1085.
https://doi.org/10.1681/ASN.2018111150

DOI: 10.12677/acm.2024.141009 70 I IR = =23t e


https://doi.org/10.12677/acm.2024.141009
https://doi.org/10.1161/ATVBAHA.110.214619
https://doi.org/10.1681/ASN.2009121311
https://doi.org/10.1681/ASN.2015111266
https://doi.org/10.1016/j.bbrc.2005.11.094
https://doi.org/10.1053/meta.2000.8606
https://doi.org/10.1159/000148646
https://doi.org/10.1159/000324693
https://doi.org/10.1016/j.jcmg.2017.03.005
https://doi.org/10.1161/JAHA.118.008564
https://doi.org/10.1053/j.ackd.2019.07.001
https://doi.org/10.1038/sj.ki.5002675
https://doi.org/10.1046/j.1523-1755.2003.00284.x
https://doi.org/10.1038/ki.2012.322
https://doi.org/10.1371/journal.pone.0089525
https://doi.org/10.1681/ASN.2018111150

	维持性血液透析患者血管钙化的研究进展
	摘  要
	关键词
	Research Progress on Vascular Calcification in Maintenance Hemodialysis Patients
	Abstract
	Keywords
	1. 引言
	2. 发生机制
	3. 危险因素
	3.1. 血镁异常
	3.2. 尿酸异常
	3.3. 糖尿病
	3.4. 血脂异常
	3.5. 骨及矿物质代谢指标异常
	3.6. 钙结合蛋白S100A12升高

	4. 血管钙化的诊断
	5. 血管钙化的治疗
	5.1. 磷结合剂
	5.2. 拟钙剂
	5.3. 维生素D受体激动剂
	5.4. 针对FGF23的治疗
	5.5. 镁
	5.6. 其他药物

	6. 小结
	参考文献

