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R E G (end-stage renal disease, ESRD)
JEFE A A A 5 1 48 PR B ERS (chronic kidney
disease, CKD) 22 /& JE (1) e 2 By Bt , J& 2 BKE KA
AR —, =R T RS TS
AL 55 PE R 0 AE R RS BB ) IR PN
FHFRE T I — R AR R RS AP
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WFFE B, g B TR PR Al 22 R GE Y L
A8, H R AR NI T BE T B o Y XU 82 48 o
U ARk, i D A T BB G L IR 1R (resting-state func-
tional magnetic resonance imaging, rs-fMRI) 1Y % J& A
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1.1 f&HIER BEE 2024456 A—20254-3 A F
LABERL R 55— M B2 B 5 N B B 1Y 84 151
ESRD & o AABRHE: © F55 B e U B4R
P (kidney disease outcomes quality initiative, K/
DOQDFE M 12 ;@ 4% 20~70 % ;B £ K F, 0T
JIIEH , TCAS i et o HERR bR O BRTEA B
173 K FCAL R FR A 5 £ 5 @ BETEAT B IR BT VIR
M2 BRI s @ BETEA W B il FH o 5 @
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Tilburg TV R (tilburg frailty indicator, TFI)
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2010 4 7F 562 55 B 5 BORLEL RN b AIF & () — b 2 4
55 0 A T H, BEJS BB 10 Z R0 5 | Gilardi et
al " TR E by 6255 (0 fe (R A T2 O HRAT
Z UL RAETAE PR PO AR 00 A, JF BLAE B
A OGN R45 )Ry O T B A B HER . A
2013 4 224 ZEUNG TR [E 3R I 56 pAS Ak it
J& R SCRRAS & 732 0 T 48 M e A4 11 o 55 7
fii o ZEREAT RAFAY(EE 5 RUZ , H Cronbach’s
a RHOH0.750" xR B LB RS 3
ANYEREFAT ISR H SR 0~ 159, 1450
T 5 53 BIVAE Sy 55, L o3 08 g oz e 3 355 e JiE
PO RO BRI TG U5 I, R AR E AT AR R
(self-rating anxiety scale, SAS) P& £ [EKF, brifE
ST 5043 M ICHE L 50 ~ 59 43 KR L 60 ~ 69 43
R BEE 70 03 K LA b R AR JE %05 3K Cronbach s
o ZHCH 0. 7431 o AIVHIAR A e i SR A PP R
(self-rating depression scale, SDS) # 17 ¥ % , &L 53
53 ~ 6243 WR BN , 63 ~ 72 43 Ky P EEINAR , 72 43
A b Ay B AR , 2 Cronbach’s o RECH 0. 906"
i HIS 3T 2% >R JH) DG 2% 4% Bk IR 5T 3 48 45 (pittsburgh
sleep quality index, PSQD) #FATIPHr , iZ i W w5 &
SR FE IR T 5 A B ST i) B R IR 205 %% e R
Wi HERR 2G50 T M H ) DRt 7 AR, 25 4R
0~ 300, B0~ 21 43, 543 B ey £ 3 B R 5
k2% H Cronbach’s o 2355 0. 8201, Bkt
W) 38 3 3 08 4R DT Al (patient-generated subjective
global assessment, PG-SGA ) & R AT 1FAL , 15430 ~
VP N ETR RG22~ 30 AT SEETRAR 4~ 850K
MEEFRAR, 9 R EAEEERAR, ]
Cronbach’s a REUH 0. 707" o ARBF 5T #h 2200 B
VPG 144 520 Tl B I R 220 B BRI R 58
B VAN 530 2 5 ASBIFSE A B 1 I R AR A A
I3 LA T o

1.3 MRIFHERE WEIAZIAH 3. 0T MRI
(siemens healthcare , 15 [ rrlangen A= /=) B9 i & #L ¥
B, BT T 64 1 3E K HHEFELRE . F B S Eom
T, T2 IR AR 5 U S B R S ) 51 (T2-weighted
fluid-attenuated inversion recovery, T2-FLAIR) : [9]
{7 98 ms, F & HF[A] 8 000 ms, G HLEF 220 mmx
200 mm , BA%% A BE 150°, ZHFF 320x224, )22 5 mm,
JEHL 1 mm, JZ %8024, AIE 98 s5 = 4E T1 AL AL &
(three-dimensional T1-weighted imaging, 3D-T1) : []
P E] 2.9 ms, HAIF[E] 2 300 ms, A AGALEF 256

mmx240 mm, # 5% f1 B 97, 4 256x256, J= & 1
mm, =10 0.5 mm, 24X 208, 5. 1 min;rs-fMRI ;
(] 3 16} [11) 30 ms, B IF[H] 3 000 ms, Ji AR EF 220
mmx220 mm, B A1 90", Hi [ 64x64, )2 3.4
mm, JZ 15 0 mm, JZ %L 48, 1L 197 A~Bf[E] &5, B 10
min,

1.4 HIEWAE A#EEEREAE AL T Matrix Labo-
ratory (MATLAB)2013a( 3€ & MathWorks 2 7] ) - 5
I, 1 H Data Processing & Analysis of Brain Imaging
(DPABI) # {43, (http : /rfmri. org/DPABI) 7 17 % 4
AL PR, FELBRANT 1 5, HIBRET 101 (8] £ 2
TRAERE S WIRR S 1 5 SR, % 30 2% 1 (TG GHE A 1) i)
J2 Kk B RE LA Bk 81z 2>3. 0 mm A () AT A7
Ty ) 5 K TE R £ B >3. 0° ] 51 e o 3] 52 45 1 7Rk A o
i 18] (53 BE AR B R AE A 3 mmx3 mmx3 mm) s 5,
SR FH 4 52 F (R 6 mm A 725 0 0 A2 ) RS A T
S

1.5 AKFERMEMISH  FH Group ICA of
fMRI Toolbox (GIFT) % 4 f3 (http:// icatb. source-
forge. net/) ¥4~V J5 1) 84 4] 32 12X # B8 £ 47 21 [H]
ICA 38T o B SR T 32 104073 i ke g AR A5 90 48 2
i 3 Informax 5 A 1 U By 204>, BEJS A
T RUER AT 347 (independent component, IC) f*) A]
P AR E PE | Informax 7£ ICASSO HH & T 100K .
fie e, MR ZH TCA BCHE i 7 326 %0 B4 I ) i 7 A 25
[ I EA TR A . #E 201 1C v, i ik H ARG A A 23 ]
HSER DG T5C AR A5 JER M 174 i L2850 0 2% (resting-state
network , RSN) , 7351 A W7 5& % 2% (auditory network ,
AUN) , BR1A M 4% (default mode network, DMN) , i¥
3 72 W 4% (dorsal attention network , DAN) , JE&H112
3J) M 2% (sensorimotor network, SMN) , #5& [% 2% (vi-
sual network, VN) .

1.6 ZEit=EAbIE R JH SPSS 25. 0 #{F pE A7 B ¥
SIBTAUAL BE, Xof £ — M GOk R Il PR BT R BT e
T, TR n (%) o , 4] EBCR P .
IED AR TR PORA & + s 2on, B R LR
MSEAEA K5 5 AR IR A T OB M (P,
P.o) e, P4 ] B 35k FH Mann-Whitney U £ 5 ;
P<0.05 J 2R A G 0 K e/ N X W 4
FIPEPEE T (least absolute shrinkage and selection op-
erator, LASSO) [f1 543 #7 , UL Lambda. 1se A5 I i
TRV TE S 2% 5 R 18 i 1 A8 A Z2 R R (Rl
1AL 3 B 52 5 55 19 2k 57 [ &R o Hosmer-



- 896 - ZEF K FFIR Acta Universitatis Medicinalis Anhui 2026 May;61(5)

Lemeshow £ 35 P>0. 05 F R A LA R4, 432
W & T AE %% 1E (receiver operating characteristic,
ROC) {1 £& T~ 1 #X (area under the cure, AUC) % jIEFR
AU O AL RE , AUC>0. 7 7R 588U 43 HERE T A4 .
TICA 3 W 265 ) D BEJE 42, XSUREAS o K 560 1 7 L
S92H HARE S A Z A I M 28 ThRe i 4R 2 57 . £
T BCR A5 R & LR (false discovery rate, FDR)
PR (P<0.05)

2 #R

2.1 IGREMEE AU b SCR TR 53
BEF SN 2H A EA . EE AR
mTIEE S, MIZHEFER DTS, LR
FAGP I, IS AIRIR IR R AW TR =5
Yo PO FEAFIN AT T, 3 59 4R K A R
R B IRy EIRDE v TAR RS A, k%
A G E L (P<0.05) , AR LR & 2R,
W1,

2.2 Logistic[EVFS &R FIH LASSO [l )9 %}
A RIS AERS L R FR bR AL R AT 34 AR
IR AT IR k. BB Lambda. 1se /0 e fdE A (H
i 7 AR AT 2 BCE AR PR R A IR
FIAR E SR G O HEAR BT, WL 1. R R A
R (75=0, 52=1) , #f LASSO [5] 5 §fi 1 1) 22 ot
A BASmw, AT Z I EK Logistic [ 204, Hidp i
BB (=0, B=1) & & N3 R G, FR ZHAF I
BEL DR 2R AL IR 35 17 OO0 e R 5 o A D R
GRERW], m IR R FUKE AR VEFRA R R HR
fi & ESRD & 32 55 19 & 5 K 2% (P<0. 05) , T 52 %
AR R AR R (P<0.05) , WLk 2. K
TE 5 Al 57 AR & T A B AU Hosmer-
Lemeshow K556 =6. 015, P=0. 646, 55 54 75 ] 42
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RN R AR, 2 ROC T, AUC 0. 900, IIfs 51
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PRI RABE M 0. 707, 55554 0. 868, ILIKI 2.
2.3 FARMEHZTESHE R REAR KK
ZH K ICA 45 5,20 N 1C A 6 DR IR 54
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WL (8] s DMN 32 24 thfE 407 5 B )25 AL A i XL
W T5T A 7 JZ 5 DAN AL 45 T0R 940 A (9] ; SMN
F2 AT R e g E] ke S5 RIS )
VN FZEALHE R OS]
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L, 32 55 40 7E SMN-VN [ ) 4% ] 3% 7 1 35 ok 55 (P<
0.05,FDR#ZIE) , W& 4,

3 Wit

AWFFE IR, 5 R JOKOF /& ESRD % kA4
FHER R 2 . X5 Tippen et al ™ i 55 45 52—
o mIRER AR R IR 20 7 R 192 B P2, an
PZE DI REHI L 0 PR RS hn , 3 26 X 2% W]
1L 5512 2h e I 0 57 I [ R AR i 5 55 A A
i,
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Fig. 1 LASSO regression for variable selection

A': Variable convergence series plot; B: Ten-fold cross-validation plot; Lambda. min is the value corresponding to the minimum cross-validation er-

ror, and Lambda. 1se is the most regularized model within one standard error of the minimum.
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F1 WMABEWRERER [(M(Py,Py5),n(%),x4s]
Tab.1 Clinical data of patients in two groups [ M (P,;,P,;) ,n(%) ,x=s]
Variable Frailty (n=31) Non-frailty (n=53) 2ltly? value P 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 (years) 6.00 (4.00, 8.00) 8.00 (6.00, 9.00) -2.37 0.018
Smoking history 10 (32.30) 13 (24.50) 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 history 30 (96.77) 48 (92.31) 0.12 0.726
BMI (kg/m?) 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°/1) 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 (mmol/L) 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 (pmol/L) 453.30 +92. 46 412.52 + 81. 04 =2.11 0.038
Ser((pumol/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 (wmol/L) 11.05 + 4. 18 10. 88 +4.23 -0. 18 0. 858
Ferritin (pg/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 saturation (% ) 19.19 = 11. 47 22.72 £ 11.93 1.33 0.188
PTH (pg/mL) 288.00(185.50,416.50) 247.00(129. 00, 389.00) -0.58 0. 562
Calcium-phosphorus product 5211 +12. 11 46.69 + 12.36 -1.95 0. 054
Vitamin D (ng/mL) 13.29(9.70, 17.50) 13.29(9.30, 13.29) -1.19 0.233
Glycated hemoglobin (% ) 5.70 (5.40, 6.00) 5.50 (5.20, 5.80) -1.72 0. 085
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-0. (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 (score ) 7.00 (3.00, 9.00) 3.00 (1.00, 7.00) -2.58 0.010
Sleep status (score ) 11.00 (5.50, 13.50) 6.00 (4.00, 9.00) -2.92 0.003

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; Ser: serum creatinine; BUN: blood urea nitrogen; CRP: C-reactive protein; IL-6: interleukin-6; TNF-a:

tumor necrosis factor-o.

%2 ESRD&#HZ5E#NEZE % E X Logistic [E)3
Tab. 2 Multivariate Logistic regression analysis of influencing

factors of frailty in patients with ESRD

Variable i P value OR 95%CI

Educational years -0.340  0.006 0.711 0.558-0.908
Blood urea nitrogen 0.209  0.002 1.233  1.079-1.409

Depression 2.563  0.002 12.969 2.572-65.386
Nutritional status 0.200 0.033 1.221 1.016-1. 469
Sleep quality 0.204 0.010 1.226 1.050-1.432

DFMUA TR TS R 55 o R, i IR =
55 N 5 i BE FE A ESRD AR YO BUR S, R

AR I S A7 200 BR T B, LA AR R 58 19 K A
R o

ARWFFER IR EIRA R P EESRD & A A
FEEH)—TIH LR N R . E IR AN KSR AL
D IR B R BB AL 3T S R A K A K
5, JL R HE S 55 0 R AR SR R . WEST TR
B SR A GRS A R R S AR DL, S s AE
PRAE B B I 5E X ESRD £ 5 78 TR 19 s 1P AG
5T, AREAREE S K AR o AN, AR BESE 47
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Fig.2 ROC curve of frailty in patients with ESRD
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Fig. 3 The spatial distribution of brain networks
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Signficant Effects Of Group (2) - (P<0.015)
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Fig. 4 The difference matrix of functional connectivity between RSNs of the two groups

A: Component; B: Network; Cool colors indicate decreased connectivity, and warm colors indicate increased connectivity.
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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 Til-
burg Frailty Indicator (TFI). Cranial 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 net-
work 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 educa-
tional 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 evi-
dence 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 (No. 81900697)

Corresponding author Wu Yonggui, E-mail : wuyonggui@medmail. com. ¢n



