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Abstract

Chronic Kidney Disease-associated pruritus (CKD-aP), also known as Uremic Pruritus (UP), is a com-
mon complication in patients undergoing maintenance hemodialysis, significantly impairing qual-
ity of life and associated with poor prognosis. Its prevalence among hemodialysis patients ranges
from 22% to 84%. Despite advances in dialysis technology over the past two decades, the prevalence
of moderate to severe pruritus remains between 20% and 40%. Current evidence indicates that the
pathogenesis of CKD-aP involves multiple interacting factors: xerosis cutis exacerbates symptoms
by disrupting the skin barrier and lowering the itch threshold; immune-inflammatory dysregula-
tion manifests as elevated inflammatory factors such as T helper 1 (Th1) cells, Interleukin-6 (IL-6),
and Interleukin-31 (IL-31), driving systemic inflammatory responses; imbalance in the opioid sys-
tem, characterized by overactivation of u-Opioid Receptors (MOR) and reduced expression of x-Opi-
oid Receptors (KOR), disrupts the equilibrium of itch modulation; accumulation of uremic toxins
(e.g., indoxyl sulfate, parathyroid hormone, calcium-phosphate complexes) directly or indirectly ac-
tivates nerve fibers and inflammatory pathways; nervous system dysregulation involves abnormal-
ities in ion channels such as transient receptor potential vanilloid 1 (TRPV1) and Cav3.2, along with
imbalances in neurotrophic factors, leading to aberrant itch signaling. Furthermore, environmental
pollutants and individual differences also contribute to disease manifestation. Although existing
evidence highlights multidimensional mechanisms, the synergistic interactions among these fac-
tors warrant further investigation, offering potential directions for developing targeted therapeutic
strategies.
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1. 5|8

214 5 IF 97 (Chronic Kidney Disease, CKD)#H <14 9% J# (CK D-associated pruritus, CKD-aP), REAE XK
N PR BEAE P 9% S IE (Uremic Pruritus, UP), 8252 MLRGENTIRTT & AR W% B8 5 W I RAEZ —. CKD-
aP fE MLBGE T NBE I Ui R E R, 21N 22%~84%, HiA 4 20%~40% 1) B 47 v i 48 5 R I
[1] —TuE bri& b4 R A0 s i =0 7 (Dialysis Outcomes and Practice Patterns Study, DOPPS)##f &7,
RUEIE A RIENT R AR A WD, B 1 0 R NI 45% (DOPPS 1, 1996~2001) F &
ZITFH) 37% (DOPPS 4~6 ], 2009~2018), {HFH IR K IRITHE[1]-[3]. CKD-aP AN ™ H 520 LK
FENT(HD) B B & O R AR R, 1651 RIGE U BEIRRERS . 060, ™ E S 2 3% E RM4]-[7].
UbAh, BFFRRIR, AR IMBENT B E AR R ., O FRAR, BYHH IO T S AT iR
TEETORER([2] (8], REMAFERE, HIGK EVFAEZEHA L. WBIT ARG . P, fEFr
BAFAE R B RN, 18% M B RIEIRIEIRTT, 17% M EE B A M N AR R, 69%MH
ZEA N G306 L BT A7 5 PR3 P B S TR IR A (9] H AT CKD-aP fEIPR ATy 9 200, Frf bl i R bl
il R S A, 5B Z R Tk . IR, ARSCBTE RG14EER CKD-aP & ML R S5 BT 7230t g
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DU A5 N 15 BH L5 T8 A= J8 L ) R0 T % SR ) VA 7 SRR SR AL B AR B
2. CKD-aP WG KRR X EiSHT

CKD-aP WG RRIMEAE 2RV, B2RAEMN, WIEARINE, vJHE30H il 280, Hisw 257
PRt el as G, WrREaAn, EEILTE 0. A S EE ik Py RIS, Bk DA g A fik
JERNFERIL, M. 4. 2. BUmAa TS RIME N W6] [10]-[13]. A BAT R & 1) kT
By, HATRTFHE IRREARA RN TR 77 DL 55 2 P DR 3 I B3 IR [ 14] . 20 61% 1) 3R
INJESE S IENTETETCOS, ABATIE 2 24% 0 3 s 7 A 1R 50 BT 5 40 N RER B &2 [10] [14]. CKD-
aP (WIS W T HEBR IR M B s s BRI« BTN A il SR . R R G IR, 2
Wi SRR . SRARRERS S T AL S| RIRFE R G K151, H AT B S —A (81 B B A DGR P A B e
B E K I (2025)) AHMIZHRED T : © CKD B35 HIUREE, HEFRA IR IEHEIE I8 5 i HAh e
FrE: @ 2 MW EDA 3d MRS, BEREIMEOR, FXRFFSEEG M, mEE i, © FEAEER
REHBL, FFekg/db 6 A, 2WnZi & R L LB 3 AN &E16].

3. CKD-aP B& iRt
3.1. RERRTFIRAER H MR Rk s

R 2 BRI SIS . MRE . FRANZESE, 18 CKD B HhRHB IR BAE T8, I CKD-aP 11
HER R ARE CAFERFEMI AT ER T, B IR M i B TR 1) BRMEL T I R BE[17] [18]. WAL, 1E
T PR B D Re s A T, R R TR PR R R A R R R 2R(109/197) i35 5 T IR R4 (80/185), iE—2
SCREPIE ORERTE[19]. 75 CKD-aP ANBEAR, BRI i A 1) 32 B2 i DR T B8 5 5z I i S o 43 il v i 22
a5 BERIXHYE . A= pH H R SR T U ARG, N BT R R R AL, R IR K 1 FH
I, IXUCPR 2 P HUR BB RRAE O, 04 S R PR P B T B UM TR [20]-[23]. BEAE, B R
LSRRI RES 5 R0, 1200748 DU/ I 45 W B 98 K D Re B AG NREIE, 2R AR R B 18R
KESE 2 PR IRE), AT S R AL A L AR AL, A& P ECRAMME M 4L,
HE— 0 N R E TR AL SRS BB AR, RS SRR IR AR [24] . (SR 2, CKD-aP ¥
FREEARINAT 51 R it 4k R I Gs AB 1 0, X AT RedE— I R A, BUSRE SR E TR
BCETEGEIR, P2 A gk R M B R AR [20]. T2, IR RBARAT N, HAGASIHRKIE!E
BoRe . KT RIRMAEMA S CKD-aP ORI, a0 5 (R o 4 1) 8 3 B IR A M e 1 A
HN TR 75, e MAFE S CKD-aP I B ARG TT Be 1 75 5 RFEA . 2 HhuO it R EE[25]. fRlis %k
HH 2 (Lipocalin-2, LCN2)fE CKD 5 3% J2 ML Bz fHA rh i) R I8 B 0, 5P EAR AL . CKD 774
REAR, JEHBEERE B NGE, BEALAMMIE LCN2 /KPR EMFK, #2775 LCN2 ] gt
VR B R 98 9 I N M RO A i /0t 2 5 CKD-aP [26]. WFRAIL, 5 A BHMGE %2K-2 (Protease-Acti-
vated Receptor-2, PAR-2)7E 2 A BB i i 8 3R B, JUHE R B 3K B3 Fl[27] . 8 I B0 52 74 (Pro-
tease-Activated Receptors, PARs)/& —3K G & RS2, Hr PAR-2 5 S 50E S SAH ¢ HAN S T-4H
JEnI RIEFE. Z DU FLR, R n] REm i PR M 3 B (B N . CKD-aP iEAR, A1 k77 m] e
e R KK B RS . BE BRI S o B R, RIFAERT A KT8 CKD EE AR
PE, X RRE BRI T RE FOR R A IR 2=, T AE BB R [20] [24] [28].

3.2. RIESRIE
R R FIEYEFR 7R, CKD-aP FRAESAl 1) J7 AR IR, 1072 PA4 B R G5 M 28 8 % DA IE B 3
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[10][13] [24][29]-[32]. e % 0iE K 20k b 0 G 28 20 VR S/ 5 TE VRO AT B R o R, $R%e
P JIE RS CKD-aP (1B TERR R [13]0 7E MLRGENT & R PEN S, SHEhME T 400 1 (T helper 1
cell, Th1). C /% £ [4(C-Reactive Protein, CRP). 4l /- 2-6 (Interleukin-6, IL-6)A1 (441 i/ -2 (Inter-
leukin-2, IL-2). F#Z-y (Interferon-y, IFN-y)5¢ #AEW) 57 /K- 2.2 T 51 [24] [33]-[35]. WAk, CKD-aP )k
Jee AT AR R S s A P s Bk AR T A Bk B ) A 1 B KT A O ) SRE SRR TIAR 9 [33] [35]
IXEGESE E— PR T RGMERIELE CKD-aP Ao T I 1E ] o MR R JER 28 0 s B JZ2 TSR, CKD-aP i
VG RR P RLAEH | A2 B AN O PR i L 2 R R R 1 BT T R [20] [32] [36] [37] - EAF R =2
REFHKSY, (H CKD-aP B& k= SRRB 54 U AR 7 AR AL, ARGt e 25 ia 7 AUk
B, I H R 2508 00D GBI RS 3 R 45, SR §EJFIE CKD-aP [ : BN T
RIF-[10] [20] [36] [37]. TAFER, 4 40 A A3l B A FH 4552 0 . 4/ % -31 (Interleukin-31, IL-
SOIEA—FBr AR 7, ORI 25 BBk SO . I B BUR . B 2 Pl S PRS0 (1 ALk, BRI
IL-31 s A2 R PR T 22 fggs i, G /K 5 CKD-aP &g &% A 5<[38]-[42]. IL-31 ZARFE P 5L
Pk B hT(Nemolizumab) E4F NP 2 48 ik 2] T HIAIG PR iR5S, (H7E CKD-aP H Y7 25047 75 58 22 U9 S5
[42]-[44]. BEAk, IL-6/p-BTK/p-ERK [I{5 5 #5 3/ SHERRES 512 CKD BB, NG aia T ieft 73
B, o T AR S 5 g ROE RS AR o — U IR AR [45] 0 G PR TIIE 4 i3E — 5 SCRF SO AL 1Y
WAL o VORI BEIG . A e BER] . PR ER AR G I ) B 7 i R SR AN R 73 CKD-aP B35 AR
REA WNHHSEEER[30] [46]-[48]. MUEVEWFFLRIT, He52 B MHATT 1B /N BRI 32 18 2 R R A 3R
i%, DARARE T (2= &) o] Rl id i i SO IRAS T 5, SN SRR U ER A 1 I TR [24] [49]
(5010 BRAVEPERI AL, AMHRIASEAR O] BEINEE JORE i fif o — DUREWT BT 2 R B, S AL & (Nitrogen Dioxide,
NOo) I — 44 % (Carbon Monoxide, CO)%5¥ 8575 4L v] g 5 4E 7 VE L 5% H1(Maintenance Hemodialysis,
MHD) ¥ CKD-aP K GG ¢, SR 1 IR 2 78 HR s AL o B B 2 (517 HMLHI T RerE T
X ey Gl i RSO RO, HEOE 2O /M, TR CKD 85 BEA 1 RGMER B SO IRES,
#2215 CKD-aP MRS . B, RERIENHIE CKD-aP h#yiEE HEZ W M0, (HEFHTINIER
WUHIMTS A 5t — A2 ] B AR

33. MR &RG%A

AR AR, NIRRT v RANUS 5 PIEIRT, ERFENRAE SRR CEIEH. B
Fr B AR E A =R AL u-Bif Fr 5244 (u-Opioid Receptor, MOR).  #-Bif F 52 44 (x-Opioid Receptor, KOR) Al -
B J 5244 (5-Opioid Receptor, DOR) [24] [52]. 1, MOR [k B g HA (2N, 1 KOR PRSI w]
YRR, H KOR FIGE T #0d] sh AR AL & ) MOR J5PE[24] [32] [53] [54]. — TGN 40 5] HD (1)
W, 21 PR R () B JRAA 2k KOR RIA/KF B ART 19 Bl 8, HEEmiEEE SR
J KOR € &Rk B AAAHK[55]. ([EERRE, NIRRT RG-S %)% ROE R0 REAE %) 3
BERR. RIS 2 s EBT 2R B2k, H 280 858 ) 14 5 B B 400 J53 (1) 9 B8R [5 6] o
R 5 25 Tl G 5 200 B DA R P A 4 L/ 5 4 A bk 2 240 ) 2 T 5 W BT 52 A 1) 3 [56]-[62]
T MBI B AR T Ik ES 40 R RA A S2 AR 0E , TR A 51 iR 2 S5 R R R 8,  ET 5 5
PUR SN, TR IR A B IR 2 B IBUE A 51[20] [63] [64]. BEAN, BT Fy B2 A4S 77 B 436 470 7 F) 24 LA
FHATRE RIS SRS AN A AFAE ZE S, X —4MEAE CKD-aP F978 AR B FE b o] B R REAEAE[24] [56].
RIS, RN A RG-S % I KRG BN, X CKD-aP IR JmE AL, TR
B R BT 32 AR VR I SRS H A IR 5 1IR RS L.
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3.4. REIESRMEBIRRR

CKD & 1) /NERE 1T 3 (Glomerular Filtration Rate, GFR) N P&, S8R #RERE & LACE = MIEER N
B RO E CKD-aP KAHIHLH]Z —[20]. B SR AT 25 M M0 PR EEAE B R TG PR, 2810 2503 2 B & 9%
FEREAIR, R4 EIE 175 B R AN RE 300 SO (R R A T (651 H BITRIE 7855 22 0 75 A 3803 AR DS o L 43
IR 5% i I & (Parathyroid Hormone, PTH). 45, . 5. A2 fERE AZE[1] [10] [36] [66]-[75]. &4k Rt
R 5% IR o 6 70 i3k (Secondary Hyperparathyroidism, SHPT) 834 o CKD-aP 80 R85, {HIFIERTH CKD-
aP BFE Y5 IF SHPT, HARXT SHPT HIVRYT (BLHE HUIR 55 BRUTERA) t I AF sl R e B iR, AMJEYE PTH
TEGT IR AR BT RIEFE[20] [30] [71] [76]. XZKH] PTH ol ReHFIE HEBUE YT, HBUEERHERE S &
SRS AL BEACH ZEELAROC . MBI & Pl 5 M E5 455 T OB IR S, DR T BRI AR ZE 2, HET 30 =
FRH R LT YRS RIRFE[20] [77]. BT R, CKD-aP 535 3% B HE R 2 40 A 2545 B9 1K 2 0 35 i T ok
FEH, e LA 55 B /KT b R IR R R I ST S e R 3R (LU A EE =5.64) [78][79]. RE SR mEE TR
IR BRI R A BT B 2 B SR IR mn@ T 7E o MR FR AR KyV (JRRIGFRIEE0) 7T B+ Ik MHD %% CKD-
aP [FEO AR, (HF 20 AR BN W, TVERFERES PTH. 5. BESTEFA G B E M ot
[2] [80]-[84]. BxALGEHI /N 73T e b 7 TR R Ab, W IBE 4k ¢ 7 P (Advanced Glycation End products, AGEs)
VB9 AE e IUBE A B JE S (CKD)YHh & AR 1) S i AL &), Tl 5 H 32 4 (Receptor for AGEs, RAGE) 4
B BOE T NF-«B 8505 5l e, (e sk 0 R0 12 R 40 M 7-( TL- 1o IL-6)IBEI[85]. BRI,
AGEs £ CKD-aP 83 [k A 5 2 5 HEAR AR ) BE 2 I Fe A 2L« FrEeVERMUIIE 5 IR I T A i
122 —[86].

ITAER, AR A AN R 2R 4R T . I FCR I, R PR B R AN R (8 (A AE
FRAEVEARI D 22 5, Horb AR . PR AT 75 23R SIS W 1) 25 0F X 43 T 25 B A 3 e PR 1E B M (Area Under the
Curve, AUC = 0.899) [87]. 3 —BURTFUAIL, BEE. MRREEANH Ml B R B b R T
[88]. SR1M, JRAAGHA I AR R IR e 22 5, RPERIZOUA T KA. 2 H0 OB IR E[89]
B JREEF RS CKD-aP FIRIMEAAES W HE WA —. R, FEERIFEHE - ERERE
ok, Mg AR L EE SR SR R G (e, A RG)MEIERIER . "REEfTEs
PERRECE M R, B2, WENE 7 AR = 2R k.

3.5. HERGETL

MR G IIRER AL N T RER CKD-aP [ARIEHLEIZ —. FHilbih g, JEBE 07 A 2 i T R Rk sz
ISP AR ZBRBEEEES, ZE 54 C AY4MENFIEIEE A, Sidfrema st
Jei s VA o E 2% AT B A R R JE B FA A DG X, e P AR R IR R [90]-[92]. CKD-aP fE35 11
XA FIEB AT RAFE ST R . WEFARIN, 50N HD B ML, CKD-aP B 1) T A4hiEiE
WA Cav3.2. K HE 540 7% £ iH 18 (big conductance calcium-activated potassium channel, BK Ca) J2 £5 #7% &
2 Fi#IE(Anoctamin 1, ANO1, MFRESIEEH 16A, Transmembrane protein 16A, TMEMI6A))ZRIA i3
R, TR A2 A4 B IS A FERR WP AU 1 (Transient receptor potential vanilloid 1, TRPV1)fZRIA N F#[93].
IXPRR E B IR TE RIS G SR T e L R R B A e i . IR, B AU R IK(B-type Natriuretic
Peptide, BNP) A R AFAE T/ BB FEROZ P2 o b 1 — Pl R R P 2 ik, £ 224E TRPVI M4t
HHRIA, T TRPVI MR TCREMS il KRR, 278 BNP 5 RE e A 22 o WA %5 UIAH < [94] [95]. Utk
Gb, FH22E FR K F-4 (Neurotrophin-4, NT-4){f CKD-aP &3 [iE F /K T 3 SR fE IR ARG, Rt
AT RES 5PN TT[96]. RERFERBUG T EIL 5 Z P &b i A 0%, BIEMIEER . R = E KA
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MK BT ik A A At 40 B PR - [97]. MHD B3 A o 7 FIA T RRZR A 1F, FL CKD-aP 1K
AERBERE; RZ, CKD-aP 3 A & &G E 2 #2048 A E =04 58 1 B0 R B8 &, SR
T W i 28 TH HE A5 -5 5 AT RE AT 70 L [ 195 2 A= PR R Al BRH LR 3R AR I PR 9 2R [98]-[ 10010 7 & 25 ARPEns
REVEFH CKD /MR, S8 A0 4 B M SR A 2R D e B bG8 s 42 A8 1t AR 22 D) e 3%
ALARRAS TR R, AT 375 i 28 M 2 R B P R (971 [101] [102] BMERME T . s ELAR . B ZEIRYT
PHAYEFSIRIN YD, e R M5 CKD-aP B HAER, & RGHLHIFEHE T A 1 Im R IE[98]
[103]-[106].

4. BEERE

CKD-aP (AL A%, 3 K 2 T AR ELAE L, Al e A~ th PR ERE 5 2 AR 30, 18 L B 7 s
GPERAE S By 2R 58 MM 22 I BR 55 22 RGUIR L AZ LG RN R 2R M 2%, % R G 3L R SR B (0 A 2R S 15
EFER RS, CKD-aP Ml RR DAL R K 7 B, HORW A, 7 B SR T S NEAE AR 8] 7 57t J
%, H5 2P PR3 0 R BREAE A R 78 3 A — 303X F 53 R M 5 20487, CKD-aP J3F 85— 15 A,
MR REER — AR T, dAFRESRES S MARE . . JORERFEM LA, pril
H ) 2 AL R R

PRI, AR OR BT T 5 O B — LR AL GV, MO TR R IR R SRR R, ERGRH
R IR LG B 2 RS M 50T i, S e ZHABR BIRRER, FHEER XD AR ETHL
BT R RAEEAR B, HETTR R AL TR B BEALH A I R 0 8L, DRI RET R PRIR YT SRS . SIS
RACERTT PR AL IS SR BB AR, e 2 BSO8R B (8 R AR TS R S U
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