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Abstract

Hyperphosphatemia is a common complication in patients with chronic kidney disease (CKD), espe-
cially those undergoing hemodialysis in advanced stages. It is closely associated with the occurrence
and progression of atherosclerotic cardiovascular disease (ASCVD). Hyperphosphatemia can inhibit
the activity of endothelial nitric oxide synthase (eNOS), leading to endothelial dysfunction; activate
inflammasomes, release pro-inflammatory factors, and exacerbate vascular inflammation; disrupt
cholesterol homeostasis and promote foam cell formation. Phosphorus-lowering therapy is an im-
portant approach to improve the cardiovascular prognosis of CKD patients. Non-calcium-based phos-
phate binders not only reduce serum phosphorus levels but also significantly decrease cardiovascular
events and all-cause mortality. This article reviews the mechanisms by which hyperphosphatemia
promotes atherosclerosis, the current research status of phosphorus-lowering drugs, and the mech-
anisms underlying the reduction of atherosclerosis incidence in CKD patients, providing a theoretical
basis for the prevention and treatment of cardiovascular diseases in maintenance hemodialysis pa-
tients with hyperphosphatemia.

Keywords

Maintenance Hemodialysis, Hyperphosphatemia, Atherosclerosis, Phosphorus-Lowering Drugs,
Cardiovascular Mortality

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. REE

18 ¥k ¥ 9% (chronic kidney disease, CKD) &L AL A K3 1k 2 3 (1 A 4L DA ). 7E 1990 4 %
2019 EH[A], CKD SRR MBET- M 6.7% 55 N3 10.6% [1]. BRI, 181E'E I (CKD) & &
FRC ML DR S5 25 T, R BRI« O 13 ORI SOD IR, Hod, ke AL
PR ML (ASCV D) 2O L AR T i (1 B B2 i Rl 2 — [2] 0 AT R A o, ERFPE M0E A A
) ASCVD K #5058 A HE = 10~20 fis, HAGRFL O A LT 1) 50% A E[3]. B 1l 4 PR
I 58 B IR AL SR R Ah, ORI FEHE R, CKD R B G fa i R 3R A8 O iU 4 R L
HlhEE IR, XL R AR BT, Bk, B RAE, SALSIEOE N, REERRIUEE, W
PRV AT < 0T FH Py B 2 6 A = H Bk PR -N- 840, ALK CKD- W5 A1 B 8% 5 99 (CKD-MBD) [4] [5]. £
g fak K ZF, CKD-MBD T CVD KALHIKEE S 5%(6] [7], HH, SBEMAEZ CKD K
I IRE, R Z IR, ISR 2K e 5 ASCVD KU N7 AH 5C[8]-[10]. LI MR 25
£:THH 1 mg/dL, ASCVD FHF R AEFRNN 31% [10]. BB 254000545/ -E & A i 45 4 77 e 4 %% /K CKD
BF M IMLIEBEIR KT, A OCERIR Y, ARSI BESS &R mI 4R R i . BRIR ) AT 2 UGS SRR END, I
MDAEE VRO I A, BRI O M FE T Z4[11]-[14]

2. SBIMAEIREN AL 5 FHLEH
2.1, ERIAERHE M E PR 5
B R R — b 02 T 3 MBI IOR VLR S B (R IR SO, JURPAE 2 30 B RE R B
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(5 RH ) T R, X BB H ] 80 B R AR [15] o e LS S8 5 22 P 40T WL 32 0 ok ks e A A 1)
AR, o N R D ReREAS A T B0 M0 BN R FEREAL 1) F EE R A . = R Eh A I AL - R 2k
P IF s B (PIT-1 A1 PiT-2)3F NI N iS5, od & 4 B C (PKC), 53 eNOS [ Thré® fif
RUBEERAL, FOHIIIE T, J> NO ARG (RIS R A i AR i EE S M %(ROS), ROS 5 NO 4562 %
AR 22 (ONOOY), #E—HHE NO, ME A S HUME EF ik ThREZ 41, (ks ko AErE b Ak 2E[16]-
[18].
2.2. ERMFE(R M E A GE

v A I TR A - R B D B B A (PIT-1 A1 PIT-2)(T 34 i A AR Sh & A, E IR %
T xB (NF-xB) & 5l #5[19] o NF-xB & P42 SRE IS AL O A s K 1, R 53 JORE K1 (n 1L-6 1L-1B)F1
SER AR (W1 Saal) I FRIE, 51Kk A Sk JOE[19] [20]. 30T LS WK, FGFRA4 K [ R (Fefrd /) /)
TE = i R B BRI A 15 5 18 ME B % (CKD) R, 479 HH 5 B A /N BRARHBAY 280E R F-(IL-6+ IL-18) Tt =i,
2 B e B AMURE P B4 51 R S0 [21] 6

Ak, SRR LA PIT-UPIT-2 HEANN ARG, 60T LLEIE0E NAD (P) H S A () Rl 35 MER4 41
TG (K) =R B 7 O )5 ROS, 51 KA. ROS At LDL TR ox-LDL (B ks 1A AL BB G
BEEIN), FEI0R PR 545 A A RE[17]. ROS B R BAIE NF-xB Sl M, R fd Py K2 4ii i 1L, TNF %5 98
K7, A5 PZAME oo BRI, S 5IEAMBHE; RN RN K RE VCAM-1, ICAM-
1, R EgiRiE, bt R[22] [23].

2.3. SR MAE{RH#EAE BRI

WFFLRE, i IfAE o] e i i P ELAE [ BEFa S 2 5 CKD B Msh kil FERE AL TE p[24] [25], &
T IR h 2V e AR B AR I - H BR P 10, 22 AT A T R 1 o PR 45 6 B T RO B 1 (SCAP) I
N-BEEAAB M, R RSB TR B0 i R B N 2 0 SO B A . X FMB IR 2 18 5% SCAP (1%
fiid FE(EH G HLT SCAP Iz & - MR RGN, T3 SCAP ZE4HI AN 77 & . E SCAP
25N E B INSIGL 4B, gk R 15 o fr 4 & A 2 (SREBP2)JE A &k, M
e iE A R B . FE R A, SREBP2 #BE V) 5 BEGE 11 Bt SREBP2-N, 1% v BU# N 4Hfiui%,
BOE 3-F2EE-3- L WA A &R EF(HMGCR)FIMICES B2 5 85 2 32 A8 (LDLn 2 Rl #55% . HMGCR 1)
VAR R [ B S A B, LDLr (R34 A0 DU 38 S AR % P I B A, B 28 S UM STV JULAH i 55 50 ok B 24
6 P R T ot B AR, TR B IR A, I 2 S R T A B R ) T ik Jig [26]

2.4. CKD-MBD 18Xz Bk HEE 1L

W4 )51 99 (MBD) A2 18 14 15 IE i (CKD) 1 WL AIE , SRR N IR 1 P i A A8 B AR, 245
BERR Hh . BE. HUIRSEIRISER(PTH). 4E4: 5 D MR A 4:4m A KK 1 23 (FGF-23) 2 [d] B 24 46 B.AF
45 R . 1E5 I CKD-MBD (#7535, 2l Bk ok R RE A0 AR ¢ O L F4F (0 J7 3805 . JRAE) K A2 38 2 1
i 2 R DR 25 B e 2~3 5 [27] [28]. (E1E VRN (CKD) B, BEE B DhReZ DR, BERR R
Wi AT 5] R e B L, T EOE PR IR 55 R R (PTH) A 41 4 20 e A= K R+ 23 (FGF23) 7K T AR
T, WKEhAS AL R BRI (CPPs) T B, AR, I a-Klotho 8% (1 B b =% (calcitriol) & ‘B 1k — %
(calcidiol )5 {547 1% K 7 I BE PR . iX 48 CKD-MBD (R4 AE TR B Be Ay, S5 KM ASAL . 0% A
SN B BT I B A A A5, LR N Bl Mok O B R AL R R, B 2% 00 3 1 n A 0 I A R XU S BB T
K [27] -
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3. FEBZIRET IR MHD B & ShBKRFERE LM
3.1 FERMAYNAERR

DA BRI By NS A ) AE SRS AR B 29 = K%, BT, IRIRFEREM—28
Y F R EEBER AT, AR E EASER IR A RIRES, TE R A 5 B0 g i . B
M4 XK, 2017 4F KDIGO f& i O W PR HL S [29]s AN Enm sl &7 /] 4E R ad . BRiR e, PRI
1 7P (1) [R5 RE PR B AR B IR B &2 C RN FKE, JBb A5k g . — I Meta 0 #13R
W, SEEmal ARG, Pk M B AR 1 A AT TR A A AT A, EIL B A R RN
(U | 2 0) R A 265 i1 [30] o A HIF FE S, BRI B0 B AL 2 el AR B A0 et O I 85 4 5 Wi 4 D e
X B A AR AR LSS, (RIS AT e 5 3018 W TE RIS HR AR [29] [31] [32]. 7 L P8 2454 LA B A5
i (tenapanor) J9AS 3, REAIHI A7 AN E S etk 3 (NHES)JR /DB B 40 i 55 W lie, T AR I i, & WA R
NCRREYS, B AT AR SR T CKD 8 o E VA 7 [33].

3.2. MR LI E LS BRI PR 2R

R ILE A2 CKD 35 B K FERE A0 M2 IR FE I R 3R [34], $om Bl Va7 vl e xd O L B DR 1
F o %FT CKD 3b-4 i H MR 1E 3 e, Bl B % 2 PR IR B HEME 23 2, (FR BGE B3 Bk L iR/ 5 R £F
Tk T BE(FMDBA) MK — S BBk FHEGE EE (cTPPWV), AR FEAR A B B A3 i 48 AL RS ARAEAR S50,
Xof L7 PN B T /i R 50y ok (Bl T B 5 R MR [35] o 7E 285K 1 B 993 (ESRD) i i IfILAE A8 5 vy, A A Rl 5
71/(CBPBs) LA F il 25 & 771 1) £ B 5 K (R s A A7 (OS) fI e CVD Bl Seffi A CBPBs 5 43k
LRSS A RI(NCBPBS) 182 OS FJG CVD BRI, {H 22 Foguih 4 X [36]. {4 A A5 AL m 45 4 5 m]
U3 0w 5 L RS, T G R 4 & M m R R, P BRI 5K, IC BE BRI S IE [ e IR
JE R I IE R A, o I 38 AT RE AT — 8 R4 E 37

3.3. BRI B BKIR B AL B 5 F AL

FENE P BT (CKD) H 5 REAS (L 32E e 1~ FTL A P T s 4 i e A S JEL T e 5 1k [ 381 o JEEL L A 2K e 1
B Ye b AT DU AR R g 15 FRORONE , TR/ A R AE ML BE (AR 2R o 18k RORE A 4L N2 CKD i
B EIRK AL R O IRBI R 3R . — eSS B0, Rl m R, BOA Y AR R A P 10 22 Rtk
BN, OAEPURAGURMAE . RILERIIAEN —FR G, BR T 45 GRS, LR B IRIR. NER
F—LLJREFRETEZR, AN P REIRAR 42 5 S0 N[39] 0 MEAh, i PRI e, mT LAY/ 5 2 1 J0RL (CPPs)
W, 1 CPPs A B2 A MIfE RIN 1, RENSIAE JOMEIE I S BB PRI, Pty sl s
/b CPPs [, W] RE A A ML 4 AE[39]

4. ZRERE

e B AL A DA 1 R ' P (CKD) A8 3 5 LA 3L, A& sl ik ot R A 4 k0o 187 #509 (ASCVD) K K
KRR EE G R R o Il 2 AU 2 S5 ks RERE AL IR : — 5, v mT ELR O L N B e
I EALN NO WA AR S NF-«B Gl B OH SO IS B 55— D5, i o A5 i 1
R R A BEfe R DR 1R A R R e Ak, n Rl I Ja3 ¥ JRE S s 34 7T LLIE I 11 4% SCAP/SREBP2 i
FEPUELAE B R AE RS, SRR AR TR, P3[R CKD-MBD AR Al FBOR I 453 5 2808, i fif
CKD & R Ak ok FEREAL XSG N . PR 2500 CKD & BT OV (R o I RIE S 2o
BB B AE & R RO AR I B [, SE RIS M A5 A E Jig , I 38 BRI I S XU S 4 PRI BE T
F, AR BT RE 5 A A R D RE 401 JORE 6 K R 8 g S AT 5% . IR L, v B IMLAE /& CKD /%% ASCVD
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