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[HEZ ] BE - BIATHRRIE M BT Z AT E R (end-stage renal disease, ESRD) 2 Ml SR &5 4 1k S5 0 A S REZE (LA i, 20T
A RER LA 2 R AT DD RS AT SR N R . J30E - BEIUT L Al KA R A e BT ) 58 U R BR e JEAT 45 1k i 058 T 16 77 HY)
ESRD %% 37 6, Fifi & BEAE I 0 A i s o f A 30 B8 % EAT I il 364 i/ (magnetic resonance imaging, MRI) P40 254G
MR F  (Mini-Mental State Examination, MMSE) 4y, i MRI 255 A B PE B 58 i e (n=33) XA (n=4), 5
FHONMAREESERHA (i=14) FXEA (n=23), R 4%, Mann-Whitney U A4S, »* 4% & Fisher o 4 Lb 5 Bom gl fn
FH RS B AEN 2R, R S . LI AR . BT e PE S5 7 I )22 5%, SR T Spearman AH STk M A7 B SERR R HFAE i &5 44 Tk 5
WS INIIRER AR CHE . G558 - 37 B, Bk 19 B, Lotk 18 i, SFIGAEEY (59.4£12.3) % IBahh o BESERNn 19 50 & 15 5
RS 89.2% F137.8%, 24.3% WRFHFANEIE . KEBRMENAEJLEFFRER, mMaEn. TaMutesds. nFaEn. 2
REACPEIL, TRFIRE, MRS, MR o, B -6 RTRR. WA RSES B&EFRER, RikEnmmE
BAL, WRFWFRERR, HESBEASIFEEL (8 P<0.05), HXPESHIERER, MMSE S5 546 fUME (=—0471,
P=0.003), 5Z#HAERE (0355, P=0.031), mifESE (7=0.358, P=0.030) IEAHE. BFIEA KB BT g b6 52 s I 19 )50 55 15 5 5
MMSE 553 Z B SCI, (B IIL ) 5 REBR L I B SE A7 AL — e B G (/=—0.357, P=0.030), 5« {74 F¥ 1Ml & BT ESRD %
i L A A BN T R A A R, e, B, SRERAS . AR TEE MR R S S5 R B ML 00 AT R L B R S
RGN AL ESS
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Cerebral structural abnormalities and cognitive function in end-stage renal disease patients undergoing
maintenance hemodialysis

ZHOU Yue-ling, DING Wei, Al Hong-lan, LU Jian-xin, DING Feng, HU Chun
Department of Nephrology, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China

[Abstract] Objective - To explore the patterns of cerebral structural abnormalities and cognitive function alterations in end-stage renal disease (ESRD)
patients undergoing maintenance hemodialysis, and the underlying correlative factors. Methods - Thirty-seven ESRD patients undergoing maintenance
hemodialysis without prior stroke in Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine were selected. All patients
underwent brain magnetic resonance imaging (MRI) and assessment of cognitive function by using Mini-Mental State Examination (MMSE). Patients were
divided into lacunar infarction group (n=33) and non-lacunar infarction group (n=4), or white matter hyperintensities (WMH) group (n=14) and non-WMH
group (n=23). The difference of demographic characteristics, past history, blood parameter and dialysis adequacy between patients and their controls were
analyzed by ¢ test, Mann-Whitney U test, x* test and Fisher exact test. Spearman correlation analysis were performed to explore the relationship between
clinical features, cerebral structural abnormalities and cognitive function. Results - Nineteen male and eighteen female patients participated in the study.
The mean age was (59.4+12.3) years. The incidences of lacunar infarction and WMH were 89.2% and 37.8%, respectively. 24.3% of the participants were
diagnosed as cognitive impairment. Patients with lacunar infarction were elder, who had lower level of hemoglobin, hematocrit, serum albumin and serum
total protein, while parathyroid hormone (PTH), erythrocyte sedimentation rate, tumor necrosis factor-a and interleukin-6 were elevated. Patients with
WMH were also significantly elder, lower in transferrin saturation and higher in PTH. The differences between the two groups were statistically significant
(all P<0.05). Spearman correlation analysis showed MMSE score had a negative correlation with age (r=—0.471, P=0.003) and had positive correlations
with education status (+=0.355, P=0.031) and hypertension (+=0.358, P=0.030). The study did not find the relationship among lacunar infarction, WMH
and MMSE score; however, recall function was found negatively correlated with lacunar infarction (r=—0.357, P=0.030). Conclusion - ESRD patients
undergoing maintenance hemodialysis have a high prevalence of cerebrovascular disease and cognitive impairment. Older age, anemia, inflammation
status, chronic kidney disease-mineral and bone disorder may be the influencing factors of the cerebral structural abnormalities and cognition decline.
[Key words] end-stage renal disease (ESRD); maintenance hemodialysis; brain magnetic resonance imaging; lacunar infarction; white matter
hyperintensities (WMH); cognitive impairment
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8 4 B IFE 95 (chronic kidney disease, CKD) £ A
A S BT T ) — 2 TR P PR o o I 5 28 e DA e
HiF AL CKD BH iAW W, HAEZLAKMEHR (end-
stage renal disease, ESRD) f7i&#HriaiT I BEE T I hR
", FE ESRD &KL, HrhimiEir B gk
VAT, MRS AR B DN o ™ RO A B A AR T
i, WHARKEMSER TICERN DAL, Har,
FE] PA) 2 T 120 20 e A i 100 29 2 R DA Jenti 2 g i R I AT)
B, RIIF RARSCHF R A LR S i, &
BFF 9T CAAT 4t P 1ML AT ESRD B2 A RE 70 6 52, ik
HEAT P o Rz A% i {2 (magnetic resonance imaging, MRI)
ST RN FNBhRE LYY, PRI M E T 2838 IR 4 AP S
NI RERV AL KL, W vl BERZ AR RGeS kg A Eh
RESFI RN ZR, DAOh ST TR Rt E 1R L 2 R

1 HBREHE

1.1 WFsEX %

B 2017 47 6 H —2018 4F 12 H T | ifg 28 K%
P S e i IR 58 U N B B B LA 44 10 =8 47 4 1 1 1L 70 528 AT
ESRD fE35 45 (5, B B8 W3k 47 1 s o Az i 15
(magnetic resonance imaging, MRI) EF#44

PANFRifE: O > 18 %, OFTER LB EME
BORE RO A5 B QTR SR &K (Mini-Mental

State Examination, MMSE) A ZnZh e B . HEER #r .

O BEAEA WO EEZE, BX L, oMo, ok S
@ WA, W hdkE e s At . Q1 FENE RN
I v i p iR A W DR PERRERR Fh g T (LaE i
RN

45 LEF A 1 HIRYT %2 B0k R & MMSE A%
DhREPEHT, 2 BiHELa 4T MMSE INFIZhREREDY, S Bilstie =
WA 2, Bk, HZILALE 37 filEHR.

1.2 WrEdiik

1.2 —fRBRI AR Wt B A — 5 B ORI BE 1R
g, EAEMER. ERE. RBERE. BNk, & NE
SELORERBEEL . WA . KRS, WEEFRSREE EaA
TORE, WIEMAEA. Atk s. miEAEA. BE
. Mg, Mg, FR350 3 (parathyroid hormone,
PTH). IMiE®:. @8 E AW (transferrin saturation,
TSAT), #: & H. M JH[E g (total cholesterol, TC), =
Rt H ol (triglyceride, TAG), £L40MEULF%E=R (erythrocyte
sedimentation rate, ESR). 44125 -6 (interleukin-6, IL-6)

@’\/ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2020, 40 (7)

bR 2L Rl - (tumor necrosis factor-o, TNF-a), Ifil p2
WEREE (serum B2-microglobulin, serum P2-MG). =
FP%Z% (urea reduction ratio, URR) Z&_

1.2.2 MMSE PEfr & MMSE *f B#5 NI et T
PR, MMSE W4gE R . iefe ). B FE D, H
0. WEFERED S A4, s {ETEREH 0 ~ 30 45—k
WA 27 ~ 30 o3 INEhRE IR, KT 27 4 AN EnTh e
Faf, ST 2HBEREXNTINNIhREAAERm, Hodk—
%t MMSE 23 1 #E AT 2401k, BF0 AN 6] 52 20 F R B AN BRI
TAHRZR N NShRE R H O 4 (EVEH . 0 R DA R A R
& >26 5y, INFEHERES >224r, XH>17 5,
1.2.3 il MRI 54 SR 3.0T MRI 4#{ (MAGNETOM
Verio, 1% ¥ Siemens) >} & 347 /i ik MRI P49, 4
5 TR, T2 AR, iR A 5 98 I e e & (fluid-
attenuated inversion recovery, FLAIR) J¥ #I| K T 6 8%
WK% (susceptibility-weighted imaging, SWI) J¥ 41, Fr
AR TR 1 2 44 o AR RO B R U A RUE )
h, WA el EESE . ik A BE {55 (white matter
hyperintensities, WMH), fiftHifnZ5eic2g Y, 24 2 4EME
Wi A —3iy, 2 B ImEL T R T S 58 3 AR ImE AT
SR AR R R E

1.3 G240tk

R JH SPSS 25.0 #r bt et i giit o b, &'k
EATIE S MRS, 77 A IE &0 A E JFEL x£5
ws ARESSME TR M (O, 0) Fon, EPER
FHOSBOANTT 9 R F R, & & AT E 7R 2 4
A PR T e A0, AR AE &5 A 2 =2 F0RH AL IR B BCR
i Mann-Whitney U 4555, EPESTR 2 LR LLECR A 1 46
U5 X Fisher KWz ge . %k /il MRI 5248 7 00 SR =
B AR5 DA 0 Z RE [A] A AH 5 P R JH Spearman AH G123 #7 .
P<0.05 R R AT R L,

2 &R

2.1 AR IR B RHRE AR

37 G B E N 1 R PR FORHERAE 4126 1 B,
BEAREHR (594+123) %, B, g
WA 921 H, MLLEAWRE S (11.7+1.4)g/dL, IiiE
HEAN (36.5+£2.8)g/L, Hifii PTH k2% 302.8 pg/mL
(F 1), 3341 (89.2%) B 17 {E Jis bR M i 1% 5E, 14 £
(37.8%) HAEAAF(E WMH, 5% B k22
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Tab 1 Comparison of general information among groups with different brain MRI results

Ttem Total
Age/year 5944123
Male/n (%) 19 (51.4)

Dialysis vintage/month
Hemoglobin/ (g - dL™")
Hematocrit/%

Total protein /(g - L")
Serum albumin /(g - L")
Serum calcium / (mmol - L")
Serum phosphorus/ (mmol -
PTH/(pg - mL™")
TSAT/%

Ferritin / (ng - mL™")
TC/(mmol - L")

TAG /(mmol - L")

L)

92.1 (56.1,133.0)
11.7+14
35.7+4.0
62.7+4.2
36.5+2.8
2.26+0.24
1.80+0.56

302.8 (181.7,725.7)
3234+13.77
291.4 (126.6, 468.9)
3.7240.74

1.44 (1.06, 1.95)

TNF-o/ (pg - mL™") 19.6+4.0
ESR/(mm - h™") 29.1+13.8
IL-6/ (pg - mL™") 5.06 (3.29,7.99)

Serum B2-MG/(mg - L")
URR/%

Hypertension history/n (%)
Diabetes mellitus history/n (%)

Smoking history/n (%)

38.9 (35.8,45.6)

704 (65.8,76.0)
25 (67.6)
7 (18.9)

9 (24.3)

Lacunar infarction

Yes (N=33)

60.9+11.7

6 (48.5)

93.0 (58.2,134.3)

11.5+1.3

35.1+£3.8

62.5+4.4

36.2+2.8

225+0.25

1.81+£0.58

439.5 (194.8, 745.7)

31.82+14.23

301.5 (153.9, 524.5)

3.714+0.77
1.44 (0.98, 1.95)
202+3.9
30.8+13.3
6.05 (3.36, 8.82)
39.1 (36.0, 45.6)
704 (65.8,76.4)
22 (66.7)
7(21.2)

7(212)

2.2 Al il MRIGEARFSCE T A TR AL 2 57

4 W8 P i MRT A5 T e B P o 48 26 0 17
B, s B A BT 4H R AR R K (P=0.030),
LA bk % (P=0.013),
HE A (P=0.032)
ESR (P=0.023),

A (P=0.013).
H (P=0.044)
(P=0.045) .

(P=0.023) kP (K1),
B MRI A 76 WMH 3E474)

R E R B R (P=0.006),

PTH /KP4 (P=0.036) (1),
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TG R
I £1.
i H &

7k oF &K, PTH
TNF-a (P=0.016),

et &I, WMH
TSAT #5 fi& (P=0.017),

IL-6

No (N=4)

47.0+11.2

3 (75.0)

714 (34.1,120.7)

13.3£1.0

403+2.2

64.4+0.7

392+1.2

2.35+0.06

1.76 £0.32

147.2 (45.4,246.9)

36.49+£9.73

156.9 (106.4, 223.6)

3.78+0.50
1.40 (1.29,2.29)
152415
145+8.6
3.02 (2.41,3.73)
355 (30.5,50.1)
69.8 (64.6,73.8)
3 (75.0)
0(0)

2 (50.0)

2.3 5

P
value

0.030

0.604

0.328

0.013

0.013

0.032

0.044

0.076

0.859

0.045

0.530

0.107

0.853

0.807

0.016

0.023

0.023

0.307

0.597

1.000

0.570

0.244

Yes (N=14)

66.4+11.2
9 (64.3)

112.4 (61.5, 154.4)
113+13
347436
61.6+43
362+3.1
2.30+0.22
1.81+0.49

572.3 (221.8,1045.0)

25.61+8.70

2662 (101.7, 351.8)
3.55+0.94

1.62 (0.91, 2.40)
19.6+3.6
29.1+10.6

4.97 (3.19, 6.98)

37.0 (35.2,40.1)

70.9 (67.2,77.1)

11 (78.6)
4(28.6)

3(21.4)

WMH

No (N=23)

552+11.1

10 (43.5)

81.0 (36.4, 130.6)

119+1.4

36.3+4.2

63.3+4.1

36.7+£2.7

2244025

1.80£0.60

237.3 (94.8, 527.9)

36.62+14.82

302.6 (174.4,562.2)

3.8240.59
1.44 (123,1.71)
19.6+43
29.0+15.7
6.03 (3.47,9.06)
41.0 (36.0,49.1)
69.9 (64.2,75.8)
14 (60.9)
3 (13.0)

6 (26.1)

W s Fivbn S N e A OG PR 53 D

P
value

0.006

0.226

0.085

0.185

0.262

0.231

0.617

0.446

0.933

0.036

0.017

0.330

0.282

0.707

0.991

0.995

0.459

0.185

0.256

0.271

0.249

0.752

37 5l B H B 2 T MMSE R4, 7 il (18.9%) A

SRR E, 23 (B (622%) ) h SR R

(16.2%) A/ hEHERE,

AR, 37 il 3% MMSE £¢

9 (24.3%) FFEINGRE,

&l S i

A,
T3, EHCH .

%%Tﬁéjj S LR T

FEEtRATINFN D BE
MMSE 4> 54508 (=—0.471,
(r=0.355, P=0.031)

Wi

P=0.003)., %%

. 6
LBl (2.7%) AR¥#
ok (27.1+2.5) 4y, H

7B % L,
TR

&5 I JE s (7=0.358, P=0.030) H.
—ExbE R ), LTy, RS

MRS AR (B L 2020, 40 (7)
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TAG (r=—0.369, P=0.024) 7P A%, & Hit5H
HEEfEE (7=0414, P=0.011) EAHE; BT 54
i (=-0384, P=0.019). & #7 % (=—0.386, P=0.018)
it o=, 5 % % & & & (,=0428, P=0.008), TSAT
(=0.345, P=0.039) [FAH%; IESHREH S5ER (=-0.501,
P=0.002), B:EE (=—-0.338, P=0.044) i,

2.4 fiilsi MRI GZARF%08 15 NS e A e M b

BEO P MR 524 27 22 0 A B D) RE Y 2 47 4>
Prig 3L, A ikt it st s WMH 5 MMSE &) 2 [l
REBEZEAHE, AR RIC Ty 5l Bk o 3 A7 15 S1URH G
(r=—0.357, P=0.030),

3 ifig

CKD 35 o ifi 58 0 S A R AR TR AR IE W N, 5
SEONMIHREZ M, BB, @ik, Sl BRI,
e I ILAE . R A 5% & CKD Al I 487 95 v e (] 7 e B[R]
%", CKD BHIBA(ERAR LGl R, iR
iE, AR, Bufke A5, X EER A5 R M5 %
FANBCEDREZRTL, BEmi S BOO M E R &L, ok, IR
RHERER . FEERESERE . ORI . SR RRSE IR
REJLE S (E CKD B35 . H A& ESRD B3 ixi ifi 48 = 14 & A=
HR S TARE EEAER Y, B KB, ESRD B
A AR B AR TR PE N 58, WMH  ifilH if 55,
X LR IUAE MIOE BT AR IEOE BT B8 b A . W)
REZRAL. MfRaEE . PR (B, I Mo e famin 5538 2
55 7 B /N ESER AT A BN AR R R A R I
MR % Az, ESRD IR % AT 85 IR 5 (1 e 3
IR s NG E AT SR B R ANBET RR  FERT
B ZBHENIRIT. SLT-F T &%, COGNITIVE-HD
WFEALEE T 676 il AR MG B 8 (e T FIIEAL, ik
EE . PITIRE, S, MitaahhRETLRYE L BRI
W, BRIV ELEZNFERR AT I, [ — 8 5]
(el B L 2 e A it s s i AT R e AT AR Il
#RIEHT ESRD 35 Ik 8 KON S RERIREIE I b, AR
WAV EA—E AP

AT S 30 1 0 A el 37 (51 BAE AT 4 P 1ML R A
ESRD %W 22 R B, 89.2% (1 5 47 15 s Bk Jik 4 3,
37.8% HYHEFEAFE WMH I, X L5585 ESRD Ifiliki%E
A B /NI A BRI I 1 o 8 K A A A — B, A
FEH, ST AR A (R A A ELR A AR I B e i
st WMH (B FFIEOR, $EoRmiik alBEA I ibin 22
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VMR R . AAEREBR R SE R B AL E A . 21400
Pezs. MiE A& A R EEB KPR, i PTH, TNF-ao,
IL-6 7K P8 w5 AF4E WMH [y 8.3 PTH 7K F- ik &, i
TSAT Ak, Horb, MZLE /KPR, R4 1M n] fEA
o8 A8 F 2 e Rl 35 5 TNF-a, IL-6 7K AR @, 1278 RIE
R, pbsh, PTH A SN 4 A1 E 5% (chronic
kidney disease-mineral and bone disorder, CKD-MBD) [
fibr, i CKD-MBD /& CKD & WY K iE. ASBFFE KB
A 24.3% W A AP INAE, MMSE £75 54E, . =2
HEREEAS, B, WILE, TSAT %5 3t sbfi f7
HIASNBREAHSS, Wi FE R & B bRt in i st 8¢ WMH &5
MMSE &4 Z S, AR EZ 15 s B v i 5247 1
—ERER AL, BRI RS R, @ik, . R
ek, CKD-MBD ZEfEA 4R & HT ESRD 25 i
AR [ P A R T RE & A% — 2 11 . Roman %5 'Y %% i
WDy Re et B LT FARSE IR VIR A S, LEAMAR.
FIE, Moz e O = 1B 5 1 4 A Frdg I, Jorde
i U S BRI 17 PTH K SP-45 i 9 288 A2 I\ S h REUR 5 1
FIEFE, BT R A-(E PTH % & H. PTH vl g5 i ifi
i GEfE, 2o~ PTH XA GZhRE vl REAFAE RSN, LA, £
T F S A 7 RAE R - 5 I G A7 AR — i SRk, (B I
dfe I PR 401 40 Mok 43 45 19 B3 b e B, If TNF-o0 10
IL-6 7k F- Tk "5 x5 653 Bl BH AT 39 A~ Mg KL,
IL-6 Tt SHATIhAE TREAESE ™, BF%EH7E CKD KR
R R B T DNA $iif%5, ifi TNF-a, IL-6, IL-1B %&{2
RIEARE FACETHE AT Tix— Bl kAL Y, wixtpy
IRIUEERS B AT AR Y W — B4R TNF-a, IL-6
FZ HmE RAE R 5 INIRE T A E W] o0k, L
AERMATRZE " BB, IS MR YT 18 B i ifn 3 B 2
PE T B 55 IR AT 2B 5 A XU 5 v A S A Jn e
T RIS,

BEAL, AT MAFE—E PR E. B, AT
W RIS, HAEAS RIS, JCH A B3 rh el B P v
FE#AX Ay 4 ], RIS RFF S A B AR et B, AT B s
AR F B 5N FERR R, Bk, AR5k
B AL, WFRERATREAE H T HME K S, %
=, AU E RTINS RE P T RBCAHF L, ARext
INENIZhREHEAT 22 4k JECR FE VAT . B R HT B IN SN Zh RE D
f f R AL 45 MMSE Fa g2 R Rl R NN TE £l 5% (Montreal
Cognitive Assessment, MoCA), MMSE 7£ Il I i 2% j/
MAEE Tz, *HoR TR A SR R R, BRNERS
I, fEfES 17 Wi MoCA NIJET MMSE it —4 'k e, 1E
IR PR B A0 I RS A e e,
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X & Y BE RO SE A TEA, [HAER i MMSE K, H.fF
FEER sy BAE B A FE R RGOl ABFIE B fE X ALY 37
2 IMBENT BF TN REM P AT, i H Al R A
MMSE BEAT A, 52t — 24 B MoCA L Hofth 8
SEE PO TE BE NS RE Mg DLt A TR
AW BoR T 4 PR MR BT ESRD 835 I i B 4%
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