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LRI B W& I 32 55 1 R R R B P 48 T Re e e 3R
IMARE, R, i RE, BREGE, 9k OBE, RAKSE
CRBIERIR S — BB S AR A8 230022)
WE BHE RALAKMENEN (ESRD) & 5255 M8 (¥ 5 0 D 32 52 0 099 2 T e e 0 1y 5 %8
L. ¥ 9IN 84 1l ESRD &3, Mk#iwh SChix Tilburg 55 PPl &3 (TFD 730 A3 5540 (31
) FAEFIGAL (53 BD o A i BUCEE S TR IEIR (MRI)L #2200 31 2 P R I PR
Hds . KA Logistic [71V3 43 HT#1+ ESRD B A5G 3R, i@ EUG miab A5k
SERGY T, HCER PRI 4 RG2S . G5 Logistic [AIHAHr 45 R BoR, BEREEK
AR EIRAR . BEIRFRAS S ESRD B KAEESMER R (P<0.05) , M2AFRK
R R (P<0.05) o LRSS, 3255 4LERNIE 51 I 45 — P05 I 26 1] Dy i 1% 42
BEWIS (P<0.05) . &R mREEKFE. WAL, BIRAR . MEHLEAS AT b ESRD &3 %L
S90S, ZFE TR ] PR IZ AR . ESRD & I 3 55 58 A7 75 B ANIE B X 26 — FHL 3 DX 4% [
ThReEB: IS, HPRZ ESRD B RAFEF A E B SR T8 AR e . A
WA 4518, ESRD & IF IR B FEARIKREEKT . EFRAR. HEIRMERS,
HARAP R R N o (RS2 B FESE BRI B R0 4% — WLBE 901 4% 15 B R 42 12 S5 U 55
KRB ZORWIV LR : 59: BEILIRMUG: BOLRa i WS, IS )M 4
HERS R334.1
ERIF SRS A

Risk factors and altered functional connectivity of brain networks in end-stage
renal disease complicated with frailty
Sun Zhaohua, Li Dashan, Feng Nan, Chen Zilian, Zhang Pei, Wu Yonggui
(Department of Nephrology, The First Affiliated Hospital of Anhui Medical University, Hefei
230022)
Abstract Objective To explore the risk factors and alterations in functional connectivity of brain
networks in end-stage renal disease (ESRD) patients complicated by frailty. Methods A total of 84
patients with ESRD were enrolled and divided into the frailty group (31 cases) and non-frailty

group (53 cases) according to the Chinese version of the Tilburg Frailty Indicator (TFI). Cranial
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magnetic resonance imaging (MRI) data, neuropsychological test results and clinical data were
collected for all subjects. Logistic regression analysis was used to explore risk factors for frailty in
ESRD patients, and image preprocessing and independent component analysis were performed to
compare differences in brain network functional connectivity between the two groups. Results
Logistic regression analysis showed that high blood urea nitrogen level, depression, malnutrition,
and sleep disturbance were risk factors for frailty in patients with ESRD (P<0.05), while a higher
level of education served as a protective factor (P<0.05). Compared with the non-frailty group, the
frailty group exhibited significantly weakened functional connectivity between the sensorimotor
network and the visual network (P<0.05). Conclusion High levels of blood urea nitrogen,
depression, malnutrition, and sleep disorders can increase the risk of frailty in patients with
end-stage renal disease (ESRD), while a higher educational level may reduce this risk. Patients
with ESRD complicated by frailty exhibit a significant decrease in functional connectivity
between the sensorimotor network (SMN) and visual network (VN), which provides novel
imaging evidence for exploring the central neural mechanisms underlying the development of
frailty in ESRD patients.
Key words end-stage renal disease; frailty; magnetic resonance imaging; independent component
analysis; visual network; sensorimotor network
Fund program National Natural Science Foundation of China (N0.81900697)
Corresponding author Wu Yonggui, E-mail: wuyonggui@medmail.com.cn
L&A IF (end-stage renal disease, ESRD) J& 4 % J5 K 5 2 (1844 B I (chronic

kidney disease, CKD) FFEEKJERIIR &M B, —BIRERNAIL DA 2 —. L H T
AT AT B R EALARNESS TE I 0. 4ERFASAS RE U 3EIR . FURLBCEARRE IR g5 0 —Fh Ay
SRS, ZHGERAM B CKD AFFh 4080, Frp @ i B 22 55 B 0N 71.7%,
PR B IS 69.4%123, KEM RN, HIPRETT WIS BE . B, M
FAEEFOT AR, T E A A R RN 2T R, i R AR A R
GRS, HOARAENRIIRE TR SRR R 200 . ek, RS T RERIL R R

(resting-state functional magnetic resonance imaging, rs-fMRI) ]k J& N#EZ& ESRD 1)
KRRt 7 AR FB . M5 74T (independent component analysis, ICA)
TR — P K BE R Bh 7772, REeA R 2 AR 85 5 P I HSLIE Sy, S Z R
AR AN [ o 199 24 PRl JH A 8 B AH ELTA] R Th RESZE e 0 B - i FUis ) ICA HORIR ST ESRD
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IS R AL R T R RN, RS A R IRIE R AT 455 2 Hr, T
SR NTEH I 5 TR S A0 S AR LA -
1 MR EHE
1.1 BB

el 2024 4F 6 H—2025 4 3 H WIIR] T 22 BB RF RS 58— B B B ' I A RHE: B 14 84
%] ESRD H# . GIAbr#E: O FFE B MRS S EE (kidney disease outcomes quality
initiative, K/DOQD) #RFLWT: @ 4Fi#k 20~70 %: @ AHFIF, MW HIEH, TRFER.
HEBRbRiE: © BEAEA MU0 SO IR s @ BEAEA R iRFess . fHE. M ns
s @ BAEAI BRI G S @ BRI T2 A 2 A BN A B A v AR
® GIFEBME. TR, L. CEFDIRIFSLEN: © RIS ME0HE IR &
SRR IEIRAG A o ASHIE T O 3RAF L RUE R R 2 — P R B2 B AR B R R ettt (AR H 4L 5
PJ 2024-06-63) , FTAI3AXE AR E A F 4.
1.2 BWEERE

YR B B — CBORE, AR MER] . R, RAEFEMR . mMEE R RN R IR
SERF LI, AFEAMM. MaOEA. AEA. JRER. SHER. =FHmMmS. R
FH R SChR Tilburg ZE553EA5 2 (tilburg frailty indicator, TFD) A% G 2 & FE 851500, TFI
#& Gobbens et al”)-F- 2010 4 7E 3 §5 % A4S Bl 1 IR 1Y — o 22 4k 22 55 0% A T HL, Bt 5 45 60
P10 ZFPIE T, Gilardi et al®f TR B A T AL DA RARE TR, WVERE
ZYELER . BRAE T DA PO SR R, I AR TN S S5 AN R 45 R U7 TR A U R
Ph. H 2013 4 255 NPLK Tilburg %295 1F il 838 5 3L R EDF e A LA RS, Heh ST
AT VZ R TR A R IS G . 2 E R A RIFIEESRUE, H Cronbach’s o £
$h 0.75000, ZEFRAE A, OB LS 3ANGER I 15 AN H, R 0~15 4y,
3oy T 5 BN FE g, By 8o S O SR B . AR O BRIRES AN T, SRH
R HPFER (self-rating anxiety scale, SAS) TFE /KT, trEMET 50 2 N EE,
50~59 7p LS, 60~69 7 N, 70 7 LU EONE R, i%EE Cronbach’s o RECN
0.74304, HARIRZ IE S AL H P (self-rating depression scale, SDS) BETIFIE, M7
53~62 73 JEEANAR, 63~72 73 Nrh AR, 72 43 LA BN E AR, 3 Cronbach’s o F %K
> 0.906MY, - FEEAIR 57 B 5% FH UG 2% SR AR R B F6 % (pittsburgh sleep quality index, PSQID) k47
PP, ZE R AR R BN A REARA G . BEARGCR . MEAR AT . HEIRZGE
2 H B TRESE 7 ANERE, S 4ERE T 0~3 701t B9y 0~21 43, 1950 Bk AR AR B AR T 2k
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75, H Cronbach’s a R¥N 0.8200, & FR v 38 i 3= W AR 4G (patient-generated
subjective global assessment, PG-SGA) X HAT AL, 194 0~1 3 NEFR R, 2~3 734
ASEEFRAR, 4~8 3 NHEEFRAR, 970 KU ENEEEFRAR, H Cronbach’s o R
79 0.707 M4, AP OIE AN 1 220l TR I A 2 O B2 PR TR SE R, VA
N 51X 2 5 AHIE 78 BRI ) i R AR e A0 73 LA AN R
1.3 MRI H#ERE

WA TS %2k & 3.0T MRI (siemens healthcare, 78 [ rrlangen 4= FIf&H 551, ik
F T 64 3838 Sk AR PR P . EE R SHANT, T2 IBGHRAA S25U e  E T 51 (T2-weighted
fluid-attenuated inversion recovery, T2-FLAIR) : [B[J£0}[A] 98 ms, WS [A] 8 000 ms, hf%
HLEF 220 mm=200 mm, FH AL 1505 HiFF 320524, EJE 5mm, FEEE 1mm, FE¥24,
FHR 98s; =4 T1 nkUifg (three-dimensional T1-weighted imaging, 3D-T1) . [=]JH}[A]
2.9 ms, I 2300ms, BAGHEF 256 mm>240 mm, FHEEFE 9S KifE 25656, )2
JE 1 mm, 28 0.5mm, %208, HIi 5.1 min; rs-fMRI: [EIJ ] A 30 ms, =R 3 000
ms, FUEHLET 220 mm>220 mm, FHEE ML 905 EFE 64>64, JZ/E 3.4 mm, JZFE 0 mm,
JZ%0 48, 3£ 197 ARF(E] A, HIE 10 min,
1.4 BAEHALHE

MR E R AL L T Matrix Laboratory (MATLAB) 2013a (mathworks, natick, MA,USA)
V& &, ] Data Processing & Analysis of Brain Imaging (DPABI) #f4:-41 Chttp://rfmri.
org/DPABD) BEATHE AL, FEOPIRINT: 56, HIERAT 10 AN A 5 CAERUERE I R A8 E
Mo RJE, XFRIR I EUREAT I 8] B SRR IE (IR kB2 5)>3.0 mm /ST 77 7]
KT /1 B>3.09) FERCHERIZERF AR PRAEG 28] (3 BERFRAEN 3 mm>3 mm>3 mm)
B, KRAATEER 6 mm i E P g o BUR AT i .
1.5 KPP 28 AL oA

FIFH Group ICA of fMRI Toolbox (GIFT) #f£L Chttp:// icatb.sourceforge.net/) H-FiF
JE I 84 2R F HAR AT AL ICA 73i. B IRKRH ERR i R IR 4L, @i
Informax At THEC BN 20 . BN T PRIEJSZ R 7 (independent component, 1C)
MR FEVEAESE M, Informax 7£ ICASSO HHEE | 100 k. #Ja, FIHA ICA REFTjE
Xof B AN B T 3o R R 2 () PR AT L . 7E 20 N 1C i, JE I AR 25 R0 23 [ ASEAR DT i 3R A5 Ik
R ) S S i X 2% (resting-state network, RSN). ‘& A1143 5 AW 5 M 4% Cauditory network,
AUN) , ZRIAMZE (default mode network, DMN) , 5{llyE = /%% (dorsal attention network,
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DAN) , KA1 zhM %% (sensorimotor network, SMND , #L3E R4 (visual network, VN)
1.6 Gt

KH] SPSS25.0 FAF AT R o AT FIAREE, X S — MR R R SR AT SR IR
TR R LA IN)R R, HRLECRA A, EASARTFEEEILX £ s 2R, BN
FCECR FHMSIREAR t K050, ARIES AT TR R M(P2s, Prs)&ow, PIALIA ELHCKR
Mann-Whitney U #i45; P<0.05 NZERA G 7R Lo RSN LXTIGHAERES T (least
absolute shrinkage and selection operator, LASSO) [A]J443 41, LA Lambda.lse JykriE ik g /e
WA R, KOk e AR BN T R R B H B, 2 A 5 3 59 ) 5L R R .
Hosmer-Lemeshow fi%: P>0.05 FRBEAAUA R U, L2 i# TAERHE (receiver operating
characteristic, ROC) 4k F1fi#H (area under the cure, AUC) B&iIEA A [ I 2 g, AUC>0.7
PRI PRE I BUF o ICA ST MR I D ReiEde, XUREAS t ko H] T LE B 59 40 5 AR 55
2 [A)fidi X 2 DRI 22 5 . 2 B LUBCR RN IR K ILE (false discovery rate, FDR) #5ifE
(P<0.05) .
2 #R
2.1 ImRERHLEL

AT TR SR TR 15504 0o 2 A3 5s AR RE 5940 . RS9 aERd o Tk
S92, MZHAEFER D TAZIGH. LW ERAFTH, ZIGHRMR. JRERBE T IEES
o PR O, EIGHMEAR R R E G, B BEIRVE & T AR S
H, LRERAGIFFRL (P<005) , HRWIHRLEEZES, WKL

£ 1 MABERKEER [M(Ps, Ps), n(%), X*s]

Tab.1 Clinical data of patients in two groups [M(P2s, P7s), n(%), X =*S]

ZIthy2  Pvalue

Variables Frailty (n=31) Non-frailty (n=53)
value
Age (years) 55.00 (52.50, 58.00) 51.00 (42.00, 56.00) -2.87 0.004
Gender 0.38 0.540
Male 15 (48.39) 22 (41.51)
Female 16 (51.61) 31 (58.49)
Educational years
6.00 (4.00, 8.00) 8.00 (6.00, 9.00) -2.37 0.018

(years)




Smoking history 10 (32.3) 13 (24.5) 0.59 0.443
Drinking history 9 (29.03) 8 (15.09) 2.35 0.125
Diabetes history 6 (19.35) 8 (15.09) 0.26 0.613
Hypertension
30 (96.77) 48 (92.31) 0.12 0.726
history
BMI (kg/mZ 22.92 +2.69 22.84 +2.62 -0.14 0.891
SBP (mmHg) 142.45 +18.37 140.58 +18.93 -0.44 0.661
DBP (mmHg) 89.06 +12.21 91.85 +12.76 0.98 0.330
WBC (10°/L) 6.39 (4.48, 7.28) 6.23 (5.30, 8.04) -0.52 0.600
Hemoglobin (g/L) 99.29 +21.72 100.98 +16.76 0.40 0.691
Albumin (g/L) 38.18 +3.96 37.49 +4.50 -0.71 0.480
GLU (mmolL) 6.53 (5.36, 7.79) 6.21 (5.34, 7.16) -0.70 0.484
TC (mmol/L) 4.39 (3.73,5.51) 4.57 (3.96, 4.92) -0.23 0.820
TG (mmol/L) 1.31(1.01, 1.99) 1.50 (1.08, 2.30) -0.93 0.352
UA (umol/L) 453.30 £92.46 412.52 +81.04 -2.11 0.038
Scr(umol/L) 921.51 £281.70 905.73 £321.12 -0.23 0.821
BUN (mmol/L) 24.19 +6.41 20.61 +4.64 -2.96 0.004
Serum iron
11.05 +4.18 10.88 £4.23 -0.18 0.858
(umol/L)
Ferritin (ug/L) 133.30 (85.00, 257.45)  210.80(114.10,378.50) -1.83 0.068
Transferrin (g/L) 1.87(1.71, 2.06) 1.79(1.65, 1.98) -1.21 0.225
Transferrin
19.19 +11.47 22.72 +£11.93 1.33 0.188
saturation (%)
PTH (pg/mL) 288.00(185.50,416.50)  247.00(129.00,389.00) -0.58 0.562
Calcium-phosphorus
52.11 +£12.11 46.69 +12.36 -1.95 0.054
product
Vitamin D (ng/mL) 13.29(9.70, 17.50) 13.29(9.30, 13.29) -1.19 0.233
Glycated
5.70 (5.40, 6.00) 5.50 (5.20, 5.80) -1.72 0.085

hemoglobin (%)




CRP (mg/L) 3.94 (0.76, 7.36) 1.34 (0.54, 6.56) -1.34 0.180
IL-6 (pg/mL) 7.59 (5.18, 12.74) 12.74 (5.68, 13.60) -0.59 0.554
TNF-o (pg/mL) 40.90 (31.00, 46.80) 46.80 (32.30, 58.70) -1.43 0.154
Anxiety 4 (12.90) 3(5.66) 0.56 0.453
Depression 15 (48.39) 10 (18.87) 8.15 0.004
Nutritional status

7.00 (3.00, 9.00) 3.00 (1.00, 7.00) -2.58 0.010
(score)
Sleep status (score) 11.00 (5.50, 13.50) 6.00 (4.00, 9.00) -2.92 0.003

7E: BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; WBC:
White blood cell; GLU: blood glucose; TC: total cholesterol; TG: triglycerides; UA: uric acid;
Scr: serum creatinine; BUN: blood urea nitrogen; CRP: C-reactive protein; IL-6:
interleukin-6; TNF-a: tumor necrosis factor-o.
2.2 Logistic B3 Hr 55 R

HIH] LASSO [EIHXFANNBITER . ERe . sEiG = 0r. TR ERSE 34 MR EIRIRIET
fiiik. JEHL lambda.1se fE iRt MBS 7 MR FES. ZEEFR. IREA. P,
TR BRI MEIRPTRE, WA 1. KRG AR (5=0, &=1) , ¥ LASSO
[ FRE AR BN B AR &, AT Z A& Logistic [F1H 04T, HAHIAS (=0, &=1) W&
NOFRAE, TR, RBEER. IRERRA. M. EFREN. MR EMARIAE. 487R%
W, mRREUKE. MR, ERAR. HERFERG & ESRD & IF R MfakER (P<0.05) ,
M2 EEE R LR IEEZR (P<0.05) , WK 2. K40tk ) 5 AN ShSrAR & HI T4 AR
A, Hosmer-Lemeshow 165 x?=6.015, P=0.646, KHif Fiilf R A&, 2] ROC
izk, AUC 4 0.900, #5144 0.706 (P<0.001, 95%CI: 0.828~0.971), Tl () = £5 &

A 0.707, ¥:RE N 0.868, LK 2.



B 1 LASSO HIHffiEdr &
Fig.1 LASSO regression for variable selection
7¥: A: Variable convergence series plot; B: Ten-fold cross-validation plot. lambda.min is the value
corresponding to the minimum cross-validation error, and lambda.1se is the most regularized
model within one standard error of the minimum.
K 2ESRD AHEFHEMERLHEE Logistic [E/1H

Tab. 2 Multivariate Logistic regression analysis of influencing factors of frailty in patients

with ESRD
Variables S P value OR 95%ClI

Educational

-0.340 0.006 0.711 0.558-0.908
years
Blood urea

0.209 0.002 1.233 1.079-1.409
nitrogen
Depression 2.563 0.002 12.969 2.572-65.386
Nutritional

0.200 0.033 1.221 1.016-1.469
status
Sleep quality 0.204 0.010 1.226 1.050-1.432




& 2 ESRD ## KAEFFHH ROC #hiLk
Fig.2 ROC curve of frailty in patients with ESRD

2.3 FRLLNM% 2= 8] 5340

R AR t K30 41 K ICA 255, 20 > IC F45 6 iR %Iy 5 4 RSNs, 4% AUN
(1C12) , DMN (IC15) , DAN (IC2) , SMN (IC20) , VN (IC10. 19) , WK 3. AUN
ALHEXUE 1 [ET; DMN FEZEEE AR AEHTRT J5 B 2 AT RS TS 52 2 DAN A 45 T
WA E; SMN FE AT XU Syl RS ERITE S R E s VN E B
PN M
2.4 WILEJ N 4% 7] T e e LU A

HAER G AL, AR SMN-VN [ 2% 0] 3% 42 2. 3 9855 (P<0.05, FDR FZIE), W
Kl 4.



Bl 3 i 4% 2 A 7 A7

Fig.3 The spatial distribution of brain networks

B 4 PILLIA] RSN Th R 2 R a6 [
Fig.4 The difference matrix of functional connectivity between RSNs of the two groups. A:
Component; B: Network
7E: Cool colors indicate decreased connectivity, and warm colors indicate increased connectivity
3 Wik
AFFER, FREEKTE ESRD B#H KAEFEFIGKINE. X5 Tippen et all®lf)
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WHFEEE R — B mRER B PR R TE R R A SHPERE M, I R DhRESR AT JOE D T RETL
BN, X R AT I 998 EhRE ST N K, R R g R R St . HERT, K
TIRRBE S ZI MR T =, FAE RIS 7 3 — 22 0F e LAESE o

AR, AR T ESRD B R AR FIHI R BEAERF RIS CUESE, CKD
BE UL ESRD WA A A A, HBEWE ThRE T FEAIAIR U R 25 T e [RII HR
/& ESRD B3 RGN E R K RKICL, ARG LR R —5, R REIE T A8
RGP M EEAE . /£ CKD B, 59 5H0A0H RIL v 2 3L A IR RAFE, 5140
TR T R REMIEEhiE . R At 22 5 RS . AR SEE TR AR HE
MR AN N Zh REFRAG S5 o) i, 225 S BURIATESh IO ML G, MR R ESS. Bk, &
WIRIKEESS N 2 B AL ESRD (838 B0 HRIRES SRR I ST 00 B, BA
BRAIR R 95 1 5 A XU

AWFFER, EFRARZTH ESRD BH KA WEZEPINR. EFRAR I
AH BV E B, IR BB BT SR A e XU, S RS R g R A S R R
WAL, I8 IR T T0A] 83 G MR R 3RO, SRoRAE I R B o RN 5% ESRD
BEEFRENZNEAE ST PRI R AE N . BLAh, ABTFUH, A7 L HEIRRRAS 1
ESRD ¥ A A 32 55 1 XU 5 25 T i o IX— 45 RS — AT X 189 49118 1 ' AR s A28 A W
W g gt R B — B8, BRI R AL BRI [0 2 A AR TT 5 B T B DD i Ak PN 2 R
SR, SR TR S A aE iR, WIS RS . AARTAIHESS, K8FE
KRN — DN RE AR R, ARSI 52 —8Bl. ZEE R EH N 2k
FRABR SRS R T R, K E R A T AL, I RN DD RES2 40 KU SEAR, 32— SR
TR T 2 HCE LR 32 55 BAT B 4518

ESRD & JF #5958 #E SMN-VN BN REIESR G Z kg5, 3K — 45 RO PR RE 59 M AR 1A
Dhae iR gt 7 BHEM AR A AR . YN EEAT RN RIRLH, A5 AL b kY 45 A
FEAAR B 2%, H 3= e R A5 BRI LA . SMN F= 22467 T s [al . o f5 [m]
P S, T T R R IR S A B AN TR O P AR IB ) OV . SMN AT VN AE H R ZE
W DIUME, SEIUN PRI 183 I AARI DI RE R TE L. AR LR BT, SMN-VN
W28 B IR 55 P BE 3 BUR A L BN TRCR R 18 3hR 2 MIZIER, #Ei kI EA
Fa SR UM PEFRARAE TSI RARIR, X — SRRt A5 21 1 HAM 5 TSI 7 Y 8] 12 5CHF
Chen et all?XVifF 75 i RS 14 43 BLAE S A F (] 55 o SR [l L o ok [ 5% o /N 2 ) 2
REFESR /D S T IR-E B AL B2 3 T30, EEHIAIEE 35 72 SMN AT VN FrRELH 5 53
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FERNHT AR AR, HZ e 518 3B GRS A0 B BRI v FEAH 52U Harrell et al 2208 78
PLE T DA CKD &3 AL (VN LX) A 5[5 (SMN 20 XD 1) 535 153D,
LIRS T BENEE, b o5 IS 3l e TR ARE, SR CKD RSG5 7]
e RN B A 5B B R SE. 454 ESRD BH KM RAER RS, 18M K0
WOH %S 2 EREEAGT, M IR R R T REILFME A T SMN-VN #hiles, FRm2qs Sk
AR, TN SRR T REIGE , VIR ESRD £5 % 555 (1 rPAK M WU AL T 8 0 B
Zi b, ARSI 7 ESRD B KA I Z TR B E R, HRMET S SMN-VN
DR EE R IIAH G o 52 e Lo i T B T PR A WAL O KEEA. Gl 7 ik
RS, RRATBA 2 RS AR B IRZ NS T T A
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