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W &2 HTPAF, MCP—1, FGF-23B54-%F ESRD-MHD & % 4 QRS #HAR NBR L ey FRmME, R %3
21D-D. PAF, MCP-1, FGF-23 R-F¥ & TAEKAA (P<0.05), % B F—f& Logistic AR, LR ET:
D-D& [OAR=1.613 (95% CI: 1.103, 2.359) ]. PAF& [OAR=1.584 (95% CI: 1.035, 2.424) ]. MCP—1%
[dR:1.904 (95% CI: 1.119, 3.239) ] #=EGF-23 & [6R:1_817 (95% CI: 1.164, 2.835) ] 3 % ESRD—
MHD %% % 4 B/hsh %N EE G AEREE (P<0.05), ROCHE S LR LT, fikPAF. MCP-1.
FGF-23, D—D /K- # 1k & 3K 4FAM ESRD-MHD & 4 £ B 4R 3h #hk 75 K 2h o9 i & T @ A2 4551 4 0.800
(95% CI: 0.744, 0.849). 0.813 (95% CI: 0.758, 0.860). 0.775 (95% CI: 0.717, 0.827). 0.925 (95% CI:
0.884, 0.955), HBAMESHH83.0% (95% CI: 0.772, 0.876). 69.8% (95% CI: 0.630, 0.759). 77.4% (95% CI:
0.710, 0.827). 88.7% (95% CI: 0.836, 0.924), #FH5 %14 69.0% (95% CI: 0.624, 0.749), 77.5% (95% CI:
0.714, 0.828). 68.5% (95% CI: 0.619, 0.744). 82.4% (95% CI: 0.766, 0.870), Z5i1& fni#f PAF, MCP—1,
FGF-237/K-F 5 ESRD-MHD ## AVF % 5 ke %k, = FBAFM ESRD-MHD %% % 4 AVF % ) B/ — %
NGRS, REB A G R IR IS BOE T RAERE

KEIF . GFHnREAT ; ARIER 5 BRSIHIREK S RGBT A mRA IR G -1
AT e A K E T 23 5 FmANE

HESZES . R459.5 XERFRIAAEG . A

Predictive value of serum PAF, MCP-1, and FGF-23 for autologous
arteriovenous fistula dysfunction in patients with end-stage renal
disease undergoing maintenance hemodialysis*
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Abstract: Objective To investigate the predictive value of serum platelet-activating factor (PAF), monocyte
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chemoattractant protein-1 (MCP-1), and fibroblast growth factor-23 (FGF-23) for autologous arteriovenous fistula
(AVF) dysfunction in patients with end-stage renal disease (ESRD) receiving maintenance hemodialysis (MHD).
Methods A total of 240 ESRD patients on MHD who underwent AVF creation at Fengfeng General Hospital of
North China Medical and Health Group between October 2021 and August 2025 were enrolled. Patients were
divided into two groups according to the occurrence of AVF dysfunction during follow-up: the non-dysfunction
group (dialysis blood flow > 200 mL/min, » = 187) and the dysfunction group (dialysis blood flow < 200 mL/min,
n = 53). Serum creatinine (Scr), serum phosphorus, albumin (Alb), blood urea nitrogen (BUN), and serum calcium
were measured using an automatic biochemical analyzer. D-dimer (D-D) levels were determined by
immunoturbidimetry. Serum PAF, MCP-1, and FGF-23 levels were quantified by enzyme-linked immunosorbent
assay (ELISA). Multivariate logistic regression analysis was performed to identify independent risk factors for AVF
dysfunction. Receiver operating characteristic (ROC) curves were constructed to evaluate the predictive performance
of PAF, MCP-1, and FGF-23, alone and in combination. Results Serum D-D, PAF, MCP-1, and FGF-23 levels
were higher in the dysfunction group than in the non-dysfunction group (P < 0.05). Multivariable logistic
regression analysis showed that elevated D-D [OAR =1.613 (95% CI: 1.103, 2.359) ], PAF [OAR = 1.584 (95% CIL:
1.035, 2.424) ], MCP-1 [OAR = 1.904 (95% CI: 1.119, 3.239) ], and FGF-23 [OAR = 1.817 (95% CI: 1.164,
2.835) ] were risk factors for AVF dysfunction in ESRD-MHD patients (P < 0.05). The AUCs of PAF, MCP-1,
FGF-23, and their combination for predicting AVF dysfunction were 0.800 (95% CI: 0.744, 0.849), 0.813 (95% CI:
0.758, 0.860), 0.775 (95% CI: 0.717, 0.827), and 0.925 (95% CI: 0.884, 0.955), respectively. The corresponding
sensitivities were 83.0% (95% CI: 0.772, 0.876), 69.8% (95% CI: 0.630, 0.759), 77.4% (95% CI: 0.710, 0.827),
and 88.7% (95% CI: 0.836, 0.924), and the corresponding specificities were 69.0% (95% CI: 0.624, 0.749), 77.5%
(95% CI: 0.714, 0.828), 68.5% (95% CI: 0.619, 0.744), and 82.4% (95% CI: 0.766, 0.870), respectively.
Conclusion Serum PAF, MCP-1, and FGF-23 levels are closely associated with AVF dysfunction in ESRD
patients on MHD. The combination of these three markers demonstrates favorable predictive performance for AVF
dysfunction, and may serve as a potential reference for clinical risk stratification and management.

Keywords: maintenance hemodialysis; end-stage renal disease; autologous arteriovenous fistula dysfunction;
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ZRWI'E N (end-stage renal disease, ESRD) J&
18 M BERS  (chronic kidney disease, CKD ) MR
B, R B 0 A O B AT I H R s PR
SO o YEFRFPEIMLMZE ST (maintenance hemodialysis,
MHD) J& ESRD [B# B ¥ FHROIG YT Jrik, BEHS 1o 2%
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i/ e 3 6 7 (platelet—activating factor,
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KB, PAF K5 ESRD 4 1M 5 38 #% 2 g 2L A A
KA, TElmIR EEA —E 0 EY . S aiEiil
EH-1 (monncyte chemoattractant protein—1, MCP-1 )
ST PP OCHE AL R T, RIS A /W 2
B A= WU P, L RE OIS 4% M I8 E 40 i O R L4 55
P Z WAL, IHEE AT RS — RIE TR
RSN AHOCHIFTE & B, AR BE CKD i g
KRR, BB EELH 22— M
RAEMML A F (L35 MCP-1) AY1E R K J2: 4k
PLERR S, T RE 5 A AT I 3 ) RE R A
Wy AR AT 4E A0 A K I T =23 (fibroblast
growth factor-23, FGF-23 ) SE— PR, ATAE
MR R A Y 2R 1 R . 7E CKD R B Bt FGF-23
IRV 32 8 T) i LA 5 1E O 1 BRI SR K P o 1R

BNT Y ESRD 3% 1, FGF-23 7K 7 1] 3k 51 1E (i 1Y
1000 1%, {HFHE B DIfe M FGF-23 ) itk I, i
HIHEEIEE SRR R, S BOET RO,
BASET AL ™. % T PAF, MCP-1, FGF-23
I A AR TR R 9 B I I I % A 2 T T AR
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ESRD (& BT fE th ZAE EEAE A, D =&l
RETE 1A 2l i ik N 2 2% ) 1 9 38 3 b = A P )
YER . B, ASBF 5T 38 o 36 & K DU PAF . MCP-1 .,
FGF-23 7£ ESRD-MHD f8 35 IfiL i H i K, B 58 5L
5 RSN ER TSR, DI B A K
Sk N T AR, WO SR AR A I 4R
WEESE

1 PRSI

— M FE A

B 16 B 2021 4 10 H —2025 4 8 A 1E 4L
[ 7 {git SR £ 1A g e 5 B AT 1 AR Bl e Ik P 28 1
AR K 240 1] ESRD-MHD (& #AVE N WF TS . A4 &
H MHD i 8] 2 75 % 2B R 3l i ik N 28 28 T 43 R ok
ST (F BT I A >200 mL/min) FIGSh4 (3%
Br 1ML 5 <200 mL/min) , 4350 F 187, 53 45, A< bf
T BB R 2 ZE b1 234tk iE (2019B02) .

1.2 MANSHRRRE

121 atzf OFF S ESRD 2 BidsiE, H A
% MHD G YT BT8R 1E s @ W AT I 1R 2l i ok o9 2%
HEAT MVGE AT, H R AT Rl =3 A4~ H B U5
[=3 4 H 5 @FF & A3 bk ik D)2 W br
HEN, B AT 0L P A 22 <200 mL/min, 28 H A
G2, @INAIITNREIE®, REUEIC & 58 W45 1
Kitr; OBEANKZKEMERE.

122 Hetrg  OFIFEHEO MR, WM™
TN, QMM i34 A Ik
Yetkgs; @HETFEIN (SAR3MH) BT,
1.3 FHik

131 Afedrdaten] SRR H E B IR ER K
P 5 BT UGS A ET AN R KM S mL. R A NACHT
C-15/C-15R B g0l (FEE 9k ke A 7)) AR &
Ly, ¥ DI 27 T80 CUKF P k. A
4 A AT (R A R FE A A i
V& WL BT (serum creatinine, Ser) . Il # . HE A
(Albumin, Alb) . Ifi. )R & % (blood urea nitrogen,
BUN) . .55 /KF; {4 Fl BGMR—1000 %4 4 28 1 it 43
BrASC Che MR e B 5 A BR 2\ ) & I D- — R AR
(D—dimer, D-D) 7K.
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M5 mLo >R FH IR A 95 R B 96 A ) 1fiL 7 PAF (|
WA A HEARAERAFR, 185 CB11588-
Hu) . MCP-1 ( 1§38 = RAEYHE AR KA A BRA
A, %5 PCI130) . FGF-23 ( FiFIL3E MR
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8H31H), ki3 M m KbV 471 H .
1.5 SitERHE

B 3 K SPSS 25.0 e #F iHE BERE L
PO = bR 22 (x + ) FoR, AT ¢ K50 5 THECTE R
DAY L 3% (% ) 2R, FLEEH X G 560 5 5% i R 3%
9 73 BT R JH 22 DR K — J Logistic [1] I 80 5 2 il 32 42
#H TAEFFE (receiver operating characteristic, ROC ) i}
2. P<0.05 W22 A E L.

#HR

7 2RI PR 33 13 L 3.
VA2 PR R . AR . MR BT 4R 2L (body
mass index, BMI) . #F5KJE . W46 . W . 0l
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B WA AR O TR A 3 ik P
WGSBS . Ser. BUN, Alb, IfiL45 Fl
Mmui, &ax’nKmEm, Z25¥HLRit¥E X
(P>0.05)., WA D-DAKF-LLES, &k, ERA
Gt E X (P<0.05), KRIH D-D K= TFARK
. k1,
2.2 WAMFPAF.MCP-1,FGF-23 7K Lbik
Wi 4 PAF, MCP-1 fll FGF-23 /K b #, %t
B, Z2R¥A5%I¥E L (P<0.05), R4
PAF. MCP-1 fl FGF-23 /K38 T R Kk T4l .
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2.3 B0 ESRD-MHD & % 4+ Bk sh&s bk M &
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K (=0, J&=1) RFHEZHE, LLD-DKF (5
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F1 FARKTRELER

REINH 187 124/63 5846952  2245+258 141.26+1532 82.45+10.64 87(46.52) 56(29.95) 43(22.99) 27(14.44)

PRUIE:] 53 3320 60.11+10.638 22.17+2.23 14087 +15.74 81.79+10.28 26(49.06) 21(39.62) 16(30.19) 12(22.64)
X /HE 0.299 1.091 0.718 0.163 0.402 0.106 1.774 1.153 2.042
PAE 0.585 0.276 0.474 0.871 0.688 0.744 0.183 0.283 0.153

P RIE 72(38.50) 54(28.88)  41(21.93) 20(10.70) 114(60.96) 73(39.04) 97(51.87) 90(48.13) 26(13.90)
RIIH 18(33.96) 14(26.42)  14(2642)  7(1321)  27(50.94) 26(49.06) 24(45.28) 29(54.72) 7(13.21)
/A 0.910 1.711 0.717 0.017
P{H 0.823 0.191 0.397 0.897

RIRTEH  145(77.54) 42(22.46) 43.52+7.26 826.15+98.34 3246+524 33.68+6.26 671.85+9648 221047 1.62+0.35
Rl 37(69.81) 16(30.19) 42.75+7.83 833.75+104.62 32.08+5.73 35.12+6.78 83226+ 117.63 2.32:0.54 1.68 +0.42

XA 1.346 0.670 0.490 0.745 1.451 10.164 1.454 1.052

PE 0.246 0.504 0.625 0.457 0.148 0.000 0.147 0.294
®2 WAIMEPAFMCP-1,FGF-23 K F L 2.4 1i& PAF,MCP-1, FGF-23 7k ¥ %t ESRD-

(xs) MHD &% % 4 B AR Eh &SRk P85 Th 0T B
BH 0 PAFngml) MCP-U(ngl) FGF-2(ngml) ROC M 2 40 B 46 L i 7%, IL3 PAF . MCP-1.,
RKTIAL 187 12.35£3.04 1267822647  273.62+73.66 FGF-23 . D=D 7K 8 ph K -4 i I ESRD-MHD £
PRUIES 53 15.16+3.57 15234 +32.15 325.84+98.75 %LZQQZ E 1¢ﬁJ§%Hﬂ<WJ§§EIjJE/‘J EE%ZTE*E (area
tE 5708 5906 4204 under the curve, AUC) 4% % % 0.800 (95% CI:
PE 0.000 0.000 0.000 0.744, 0.849) . 0813 (95% CI: 0.758, 0.860) .

?-%chistic@Uﬂﬁ*ﬁ,%%ﬁi’\‘:D—D %[OAR: 0.775 (95% CI: 0.717, 0.827) . 0.925 (95% CI:
0.884, 0.955) . U YE 73l 83.0% (95% CI:

0.772, 0.876) . 69.8% (95% CI: 0.630, 0.759) .
. 774% (95% Cl: 0.710, 0.827). 88.7% (95% CI:
(95% CI: 1.119, 3.239) ]Fl FGF-23 &[0 R=1.817 0.836. 0.024) . H5 5 ¥ 4 51 % 69.0% (95% CI.
(95% CI: 1.164, 2.835) J¥24 ESRD-MHD S5 K 601 0749) . 77.5% (95% CI: 0714, 0828) .
A ARSIk N R G IR (P <0.05) .  685% (95% CI: 0.619, 0.744) . 82.4% (95% CI:
3. 0.766, 0.870). WL AFIE 1,

1.613 (95% CI: 1.103, 2.359) |. PAF {5[OR=1.584
(95% CI: 1.035, 2.424) ]. MCP-1 5[0 R=1.904

%3 ®MESRD-MHD BE X 4 BAFhERkNEKIIH £ B X —M Logistic @A 7S5

D-D 0.478 0.194 6.073 0.014 1.613 1.103 2.359
PAF 0.460 0.217 4.493 0.034 1.584 1.035 2.424
MCP-1 0.644 0.271 5.646 0.017 1.904 1.119 3.239
FGF-23 0.597 0.227 6.921 0.009 1.817 1.164 2.835




o518 1 WS, G5 M PAF . MCP-1, FGF-23 %2R B2tk Mg A 3 VR Sl ik o 28 2 S Bl (i
£4 In7EPAF.MCP-1.FGF-237k 3 ESRD-MHD & % 4 Bk 5h#sbk )2 L T (&
st R ORI AU O i b
TR R FRR RR TRR BR
PAF 13.992 ng/mL 0.520 0.800 0.744  0.849 83.0 0.772 0.876 69.0 0.624 0.749
MCP-1 140.605 ng/L 0.474 0.813 0.758  0.860 69.8 0.630 0.759 77.5 0.714 0.828
FGF-23 301.867 ng/mL 0.458 0.775 0.717  0.827 77.4 0.710 0.827 68.5 0.619 0.744
A TN 0.710 0.925 0.884  0.955 88.7 0.836  0.924 82.4 0.766  0.870
1.00 AT AR N A2 BE FE B, PAF AN AF5 S I /N R 41
050 NS 3SR TR 375 % o A NI i Ri U Re X 7/ e
PR, QG i A8 38 A M R0 A 1 o A5
L 060 e 75 F1PH ZE 1) RUES ™ o PAF J&— B 20 10 R A T,
@j " A T T A S A LR 20 B P R A iR R
' — PAF SiE SN o B 4040 R SRS | i A K F T e, il
020 Neb FH D A2 2 MBI 2 5 KO , g% i i 40 ) PAFY
35 BT B/ o 2 R 4 S B 11 3 1 530
°~°°0_00 020 040 060 080 100 WO W O BRI B A 51 g R D AR S R B
JRTA= Y MHD 74 PAF KF-A005 , g 85 & AR EEAN RO
E1 1iEPAF.MCP-1.FGF-23 7k I 8 J F Bt & Tl 045 52 9 = 2 1) 2 7 5% T R 26, 4B PAF AT R 3 2ot

ESRD-MHD &% % 4 B 51850k M K T A ROC Hi £k
3 it

CKD & B Uihe T B, 2 & e ESRD, M It
e IV AL R T B 7 R N 2 AR VR o I Y3 BT T
DLk 9 B I i B A R L A% I AU R L e
HRE N IR B BE AR S D ae ad AR
MHD & ESRD f8 5 e £ 20 B e U7 RE g
ROEACE WE RS FR 4 HE D B, 4R R N IR BT R R e
Il PR b, 1L A5 388 B A MHD B9 A= a5 1) 2 10
ORVE, FLAT R4 v 325 B T e e I A58 B X T O
BEATIRYT B OCHE B 1 RS bk B B T IS
BT A B 3 00045 B, B Al R B B KU
FEETT 2% B AR AR S SR i, Bl A 44 3l ik 9
P I K 0 ol P 2R 0 0 R SR L S B n O & RE XU
e 2 BOH RS kN B R Ty o 1A A Sl bk Y B R
Ty 8B M i 4232 F AR SN AT, IF R EE 2 A
TR Bl bk P 45 H AR Y7 B, XN 8 T MHD
FRE 2T O o 55 T AR IS TR A NS AT AL
SR I 38 A A B0 ESRD-MHD f 3
A B i ik N R 2k T 2B AU, A BT IR b K s
PG YT RS BRI 2, el J A AR A i

PAF J2 Ifil /MR SR R 5 A5 515 5 A7 3L s

WO R R AR HE R — 20 R R, ik S
AN R U i 048 = Y & 2B D3 A PAF K AF- ik AT
FHF DA 1 A5 38 % D) 8 o 3 0T BB i T 0 i
ria 7 — e R BE 40 T P K A, I 55 PN R 4
5 T 3 3k R ORE SV I /IR S R R AR S A
i (| BT N iR A B AT 1 | =i
IHEES AW ST, 42 T4 PAF KV TR K4,
S [ 1A Sl ik N R Ty ik S s e R X R R
3 1 1) PAF 7K F- S BOMLAAR R R B 7 R ks i LA K 5
Iy RE 55, A — 25 ) it 2 P R 463 493 B 1 2% BBk
BN, TE ORG240 T A 3 i ko
INRE AW FT I8 & B, D-D /K 55 w5 S 1 A 3 i ik
VA8 2 g e ST s 5 PR 3R L D-D KPS T RE IflL 3R
S50 WO, FLOKOT B T e A AR i A Y I R TR
B, 38 AR S Ik o 8 2k T kAR AU

MCP-1 H 5 AZ 41 B AN W 40 B = A, 5 H sz 4k
Gh 4 J A A PR A A R I A I YR | RE K
e Je A AR R, B T R A AT A AR T R K,
MCP-17£ 28 B A it b id B mEAEH Y 5
20 215 BB, MCP-1 K - i3 TF s, 5 B
T R 2 TE A OG0 S S T B0 I A 0 1 O ]
#,MCP-1 806 5 HZ IR S5 A, il 3 59 0 X1 1 3R
B FHOHLAA 9 0E SN o 76 R RE R il
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SF- ¥ UL A0 B 1) RS B ), 5 0 A N RS
A, ST RO LB 114 A JEERY L S E S e A
kR DI EE R R 2 — 55N U
L, 2% 5T 4 J& & 1 B% -9 (matrix metallopeptidase-9,
MMP-9 ) @ 5 /1N B AR E AH 56 JE PR 6 58 N I 5 ZE 4R A1,
MMP-9 2 3% 35 34 i 7 1 8 5 AL 40 M w1 40 i A
F -6 MIMCP-1 335, L AT 7S , i b ml 2, it
B MMP-9 1] 38 iz s 20> 1Ml 45 9 i R ool 0 928 A ple 28 1)
A SEHIF 58 & B, MCP-1 7£ CKD-MHD & 3 1L 3% 3
KT &, X L CKD-MHD £ 35 1) 75 1% O BoA &
B P AW S A5 AL 5 Z AH L, MCP-1 K- AE R )
R & ESRD-MHD £ 3% & A= 1 1A 3h # bk 1 8%
RIS 5 P &R X 4R, ESRD-MHD 8 % K
W] B 5% T8 P A RE P, MCP-1 7K AR W7 T v, )58
it HHAZEEE A BOR R T, T EBNE M
BB A PR B RS K S )
FGF-23 2= %2 2 ply i 40 i 0 s 320 B 400 43 0
RE A% (1 TE 5 /DN v Bt I 7% HE i V) 22 00 ) i 3 XF
WA 2 A %) W AL o fh 5 U A R L 9 Wl R R KT O
I 6 2 S BEVE T, R I CKD 4 FGF-23 it 43 1 A1l
I3 7K P ], DRI 2B 2 8 e 5 £ far (9 38 i o 7
CKD %5 3 v B, Bifi 45 A 11 B /D 2R U8 i 09 F B,
FGF-23 7KV 248 5090 0 I R WF 52 R W, 42
1) FGF-23 7K V- 59 S 347 3¢, Ju 2 1M 48 85 A s A2
O3 R B O LA R AR BEAR I IE FGF-23 7K
ST BEAR R 2B AT R A TS Y R GE | A7 IR
Bt 58 38 el AR B kA5 Ak & A %R 51% , 1T FGF-23 7 Ifil
AL & B R B DG A IR VR T, R I A A
ST e s PR ZR Y o A Ak B0 A RE AR RE AR e, 2
Ty W78 R AL FE | 2 19 1A 0 i ok P9 3 2% 2y ) o B
et 22— o FE IMRE AT R OE ILVE P, FGF-23 7K P
L B 5B ROR G BAT AH SCHP AR B 5
o, RS R K P93 R Th 4 FGR-23 /K i TR 2k 1)
4, J& ESRD-MHD [ # [ {4 3l i ik P9 56 2% D) 1 il S
fE B N & X 4%, FGF-23 ] G 1 i 35 M M5 5
T AR T IS A A, ST R0 A Sl K ek )
KUK . PAF \MCP-1 . FGF-23 7E ESRD-MHD £ % [ &
Bl Ik G Ty R A b B R X, R, AR
SO =BG RS ILAE AR B ik P9 e 2k T kA
HR ) TR A 1E o &5 R & B, PAF  MCP-1, FGF-23 Bk
A WU A R S0k 9 R T & A o A R AR T

TN 5 RS A A, AR, =
I TN [ 4% B0 # Jk o8 928 2 1) % AR B AUC BE 15 03X
$E7R , PAF  MCP-1 . FGF-23 43 51| A IfiL #8148 i
2 N7 B ot A 85 Ak 45 TE R B T AR B ik g 2k
Ty 1) O B R 4 W 45, = E A HA B IR R
il .

ARWFFEA R Z AT H— A5 BTT IS
PAF \MCP-1.FGF-23 /K¥-5 [ K3l ik N 26K D iy
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