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Research progress of chronic kidney disease and
cerebral small vessel disease*

Chen Qiao, Jia Wen-hui
(Department of General Practice, Shanxi Provincial People's Hospital, Shanxi Medical University,
Taiyuan, Shanxi 030012, China)

Abstract:Chronic kidney disease (CKD) is a risk factor for cardiovascular and cerebrovascular diseases. The
gradual decline in renal function in CKD patients leads to widespread physiological, biochemical, and hematological
changes, which can also affect the cerebral small vessels and subsequently cause small vessel-related cerebral
diseases. This review explores the mechanisms linking CKD to cerebral small vessel disease, the correlation between
CKD and subtypes of cerebral small vessel disease, the relationship between CKD and total burden scores of
cerebral small vessel disease, as well as the association between CKD and cognitive dysfunction.

Keywords: chronic kidney disease; cerebral small vessel disease; mechanism; cognitive dysfunction

2 V5 5 9% (chronic kidney disease, CKD) , tHFK} & CKD 5 CSVD M SEAF5R &R W F ¢
16 P B 1y R ol , FLARRAE 2 B A SR AT PR B IR R .
SR H 22 % . WD L 6 Ccorcbral small vessel | ORD 3 COVDAHREXHIH)
disease, CSVD ) J& 5% M /)N gl ik . /N Bk L 5z 3t 14 ik 1.1 REMEHH
ML A L D R OV L 6 o LA ot 5 i S 4 B RAE ST VR BRI R R ED . fE R B R
Jil Bl 22 T J5T 400 LR M 22 0SS B PE Y — BRI AL, 4 P AR AL R T CRL AR R TR A
', 5 22 Mo BRSO AR OCHR . REDTIER 4 3 Bk I 41 40, I i 28 o0 Fn R I e i
W] CKD 55 CSVD X R % V), A SO T Aok BN AN Ml st 3 o CKD &8 35 385 3k 45 22 47 76 1 2 E IR

W B . 2024-07-24

*EEGTH - ERAARREIE S (No: 62171307) 5 L5 TLEZE 5 AR FE 450 H (No: 201301029) 5 L PE 44 A B BS B 44 9 & T il £ 55 43
151 H (No: sj20019007)

[EAEVEE | T30, E-mail: jlawenhui0806@163.com; Tel: 13994237362

e 42 -



H1H

WA L 4 - MR R PR i i PR R

A, S INE CKD #F 2, e & % B A K Bkt Bl
& CKD 851 1 Ak, bR B30 B 2 45 Fh 24 A
TiE A AR 2 R G0, 3 I AN AN i S5 4
AR A AR 3 1 28 RE , T8 AR R R AL . BRILZ 4P,
PR 39 T 200 0] LA IR 4 B R0 R AR REY, M i 1E
— 25 BN S 1 i e ot B AR
1.2 MXBEFREIIEERERT

L A 5 8 35 426 7 b L 1 A/ & om0 4 5 A
KR RS, FEAE R R IR S A 25 B 2L
(O FH o 1 v B 18197 B4 R 16 P B2 40 D 40 i
TR T J I 20 L AL, T T R G R 0 KA &R
Gt T E R R Y PR BERE B 2R AT R il GUUE PR Bl 22
TG /NS S5 440 R T 5 AN A E AR R
S i B B AN AN b, B B R B R
AR 7 8R4 RE T 4 BT SR AL R AT B AR T RE L 53K
PN B 400 i ) e e i I AR L iy B e ) o P X i
— 25 IR Tt i B R IR AR HE T IR B B R EA
R SRR M 5 o e A
1.3 REESFZE

PR B AE B 2 AT LA ) A A 4 2R S K G B B
2 M, 545 70N I R 40 R A e 28 0T, R A L Mk R
RO FE AN MK I, R B PR B AE i R
I i S 2 5 S0 £ 1) T R R A G T i % R L it
B B S ZE AR R R R I B R R
L EThRE R — S SEBUREIE R E MR E;
T3 —J7 T, B R R R AR B K
PR 2 e B B A 2 5 B 8 B & A AR AR, T 3
i 3 R R PR B AE T R A AR IR IE W L R B
B G AT 2% Y 4 B 22 RO AR I 25 AL A P A R
AR, T 500 1L A5 A XU 14 ™, — LA ST 5
FW, IR R T i 2 U 85 357 00 P R i i b i L sh 2R
F1 200 B R R R 3 e AR, X El i T DR R CKD
FEE I AR H am  AE D PR
1.4 RRER

i 10 3 LT 5 CKD Y ™ AR A e
B Th g sz B vT S B0 B 2h I8 Y D Re sz B, 18 1
TR AR T 4 B A R FE X R LR, CKD
FE I VR AN T R e o v XURSRE B . A U
TE 5 AR T SR 22 T 8T R LA 3 A 9 A I 3
(D 22 K i i . WFSR R, 5 Thig iEF 0y B E A
L, CKD £ 35 110 7309 A o % 57 s i B A, SIE BH T3

FhA SR DI RE R A T AT . AN T T
Hh B R A R R 1 R A a3 v A ST
AH U SR, SEDAGHAT 252 (1 BF 58 2145 Hy 40 2
(285 3 B T Re 5 A IR A T G ot 3 Ak ST A G
CASTRO “5P13d o #5843 Hr & W, B % CKD ™ & 2
FE R 3G A0, i 3l 1 ) g 52 i i AR EE 3
SRR G IS S =9 7 N A b I NITES S
50T A0 I 7 A a0 A 5 B A A
1.5 /NBHRKEE{LFN M B 5L

CKD ] 51 i 5 N B & A s AR Ak 2l A8, 5380
SRR AE , e T RE 14 I R R CKD 2 B i HE#E T
A8 A2 FUFTES A8 25 0L 5 Bl A E5 46, A HE B
Sl TG O DR 0 R a5 R B, BB ik N
B v 2 RS SV 14 (L R 50 2 fok B B % A= SR A /N
ERE 17 K (glomerular filtration rate, GFR ) f%) [ {5 1M FF
15, < B CKD 5 2 ik i Ak 5 AT AR OG>

1214 &% 5 CSVD I B )48 5K 14

CSVD IIfi PR B 5 e K, E2RH T &
ARSI W, A HE T R T /INEBE B BR i T
T A S L LA BT T B ek e o R 5 4 KRS
i) 1) 5 SR8 bR 5 CSVD I BB 2 42 ok & B, CKD
SBF R B DR TE bR 19 28 A6 5 CSVD AN [R] I Y 1 AH
M A AR [R] 33X AT 58 5 1A 0499 B BIL I A G
WA N T L AT, CSVD A [R] W1 B 45 7 15
e £ 2 S TR] 975 IR A0 2 98 BIL A0
2.1 B/BEKREZEE CSVD

GFR J&:$& o7 i [1] Py 19 ' 2 o 0 YR 110 o, S VT
fili B I REM EZ R A2 — o WF5E &I, GFR 5 CSVD
AT B AR e PE A TR . YAO ZER%F 35 3 48 1 B
KA I CKD BHEFATHGY, 45 3 Wor |, BE VBT GFR
50 A FELTRDBR L 1 1 5 G et o B S A
%o OLMEZ %" 78 % W, GFR 5 I B S 50 i =
JE BBl R 8 1 5 Fazekas P43 3R 005 B 4 4 1M | 1fn
T B 1A B 43 9% K CSVD i i ff 5 W 35 f R o€ 0 4R
M, XTAO 25285 553 0 8 51 35 20 1ia) BF 52 F 57 T 4%
T AF 5% 2 B, GFR FAAIE 5 M s o i | 4 5 v 1 5 R
i B AT ST O, (H 5 7 EE A4 ol A R T B A 56
BN
2.2 MmiFEkIMMECECSVD

I e R C7E RN K F i, AN 5

2

« 43 -



FpIE AR ek

4135 %

ZAHMER R T, R R R iR E Y, B R
MF R s geiR A, REE R &, £,
L7 A 2 C 5 CSVD AN [R]E R C B PEAN ] . YAO
SECOTE — A DX AR AT T P 2 B, I YE R & C R
CSVD A GB A7 7E SCHE , JU H I 15 s B M A8 5 G 16 7
ook o T IO AP R S LT R 2R C oK i
CSVD K H AW 20 4 AH S PR B & B0, it 3 e 30 25 C 2 Bk
M CSVD AR, EHER R &S FES AR &ES
A I B A 0 R 0 Il ST S B 2R
23 RiMEAZEA/RIEHLLES CSVD

PR 1 AR /PR LI LA (urinary albumin—
creatinin ration, UACR) /N 5 3Z /M R R E 52 W, £5 2 1k
B, e B REURR T B /DN ol A 8 A b i 2 —Y . F
55 W], UACR 55 CSVD K [R] 3F BI S& Bk pE AR Tl . H
PyUR o8 e B, 2k Il A 38 S8 3 5 UACR 7K P 5
JEE TG 10 8 1 AH G, AT B R R TG /) i A e 1Y)
ARAS o R, MARINT 28 PR AR 5T 5 D 8 32 401 5 il /s
I 95 9 2% 78 22 [i) 11 K ) 3505 AL o) A PR 6 R
HI B, UACR Fh i 55 I 3 ol RUS: 35 im 22 T AH G .

3 CKD5CSVD EHAfiEa <&

H i I8 A5 VF 220 58 45 G CSVD Y 4 67 fof Y
P43 5 CKD 9 ¢ 2 . NASH 2518 48 CKD 5 i 8
I A 28R 2 e T R FURN A /0N I 9 0 1)
T Y I, 45 5 R I, GFR B , 78 &) 9 ™
A G 1 T 7 A RSB i i Y o R I A A ()
AE CSVD 7 A4 G 17 o L 55, 45 11 458 : CKD ™ H %
FE 5 CSVD WAL St faf 22 IEAH OC . BN — I 52 &
LI fig 48 br X) CSVD & 7 far 52 W 9 BIF 5% 4k 7, I JUL
T RER T L MU BRI 3R C T L R WU B o
B AR 2 52 1 CSVD S 5 iy Y A 6 [ 22, HE T 8 1k '
P CSVD 57 i T 9 fe s PR R

4 CKD H5i\xIIhEerERS

INHIT) B R A5 75 CKD S th AR L. WU 5507
P T2 B E 1Y GFR 1 SR TS N A D) g Z [ 1Y
KFRFHEEIE  GFRFFEIN A B 518 B2 454 K, i
T 5 32 4 35N D RE G A G, LI, GFR FEAIR
XF A T R B AR A SO0 . LI AEPIHR ST CKD 1
ANTRI B B 5 95 [ 3 A A0 36 B0 22 ) 1Y) S& Bk,
T 2011 4F —2014 4F 4> [ {gd B FE 55 K A 06 A

(National Health and Nutrition Examination, NHANES )
I , 5 R R I, BEE CKD B850 1 19 2F g, ok
FrOfe o~ AR PR VR TARICICRE T 5
J7 WS NATRE Ty B 22 B A OG . TR N AT BF ST 4R
o CKD A3 PRI B 8 H 5 A0 2 e 3 A A1 ¢
i, M3 GFR K CKD #4790 30, 45 R B % CKD 53 1)
A E JR , BRAGCER 1 2R B T v, A D) E 46 75 e
JEALE T

CKD F8 % DA RE R 5 4 A 38 e, H R Ll
W AT SRR R 2 o R B 1 SE 6 B
W, PREEAE 7 3R 00 AR AT REAE H b 32 AR T, e
Il 2 TR s P AT P e A, S I A8 P B2 0 2 4
WA R R, S B 5 R R dA AR
] RE A A 22 U AL ITBIESE . SUN SE925a 4o 73 A
6 32 M RE AT I AR B R SRR X IR E
0 IR T T IR 3 2 ] Y G B R A e 2 il
8 1K B9 A2 A, Al 52 45 A 2K G0 13 23 (montreal
cognitive assessment, MoCA ) R I IAHI DI fig, 45 5
il Xk MR ZH R G, 2 AR S8 A R AR I R
BERRAR, OF BV 2 MK X (AL 46 26 75 /M AR L 1] XY
A T T T ] FE 5% 1] LA K A TO0 1 [l ) g 356 L %
55 MoCA W73 B AR5, 753 Hh 4518 - 1 22 1M A8 BB 3R
il AT B SR 2 AT A A I B A Y — Pl R ML

5 BZ

ZE ik, CKD & CSVD FIA I I fiE s 15 &
() & 5 PR 22, LB D g g An A2 fk 5 CSVD 45 7 7Y 11y
HKEPEA TR . CKD 52 CSVD 1] 68 A4 & i AL il 62
5 < 9 AV AR R 3 I R B ) B PR A | DR B AE B
18 = A N 7 @ R A T (1S A AR
il CKD 5 25 55 1 12 & % 1 301 B F14E 2% CSVD FIIA I
UinemiRny kA R A EEE L,

%

=z

% X W

[1] MUIR R T, SMITH E E. The spectrum of cerebral small vessel
disease: emerging pathophysiologic constructs and management
strategies[J]. Neurol Clin, 2024, 42(3): 663-688.

[2] RUIZ S, PERGOLA P E, ZAGER R A, et al. Targeting the
transcription factor Nrf2 to ameliorate oxidative stress and
inflammation in chronic kidney disease[J]. Kidney Int, 2013,
83(6): 1029-1041.

VO, 20T, ARER, SF L R IRY AR ] e A 1 T B AE 1Y
ML FEHERE[T]. P B BURER2R5, 2021, 31(2): 38-42.

(3]

- 44 -



H1H

WA L 4 - MR R PR i i PR R

[4]

[3]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ASSEM M, LANDO M, GRISSI M, et al. The impact of uremic
toxins on cerebrovascular and cognitive disorders[J]. Toxins
(Basel), 2018, 10(7): 303.
SUMBRIA R K, GRIGORYAN M M, VASILEVKO V, et al.
Aging exacerbates development of cerebral microbleeds in a
mouse model[J]. J Neuroinflammation, 2018, 15(1): 69.
CHELLUBOINA B, VEMUGANTI R. Chronic kidney disease in
the pathogenesis of acute ischemic stroke[J]. J Cereb Blood Flow
Metab, 2019, 39(10): 1893-1905.
JING W H, JABBARI B, VAZIRI N D. Uremia induces
upregulation of cerebral tissue oxidative/inflammatory cascade,
down-regulation of Nrf2 pathway and disruption of blood brain
barrier[J]. Am J Transl Res, 2018, 10(7): 2137-2147.
BOBOT M, THOMAS L, MOYON A, et al. Uremic toxic Blood-
Brain barrier disruption mediated by AhR activation leads to
cognitive impairment during experimental renal dysfunction[J].
J Am Soc Nephrol, 2020, 31(7): 1509-1521.
SARVARI S, MOAKEDI F, HONE E, et al. Mechanisms in blood-
brain barrier opening and metabolism-challenged cerebrovascular
ischemia with emphasis on ischemic stroke[J]. Metab Brain Dis,
2020, 35(6): 851-868.
FAUCHER Q, van der MADE T K, de LANGE E, et al. Blood-
brain barrier perturbations by uremic toxins: key contributors in
chronic kidney disease-induced neurological disorders?[J]. Eur J
Pharm Sci, 2023, 187: 106462.
HAMED S A. Neurologic conditions and disorders of uremic
syndrome of chronic kidney disease: presentations, causes, and
treatment strategies[J]. Expert Rev Clin Pharmacol, 2019, 12(1):
61-90.
FPHE, B, M E . BIEEREF IS R RS Sk S s
BB LPIZRIB BT, PR DI RE S T A0 ML AE SRR G L 3BT (],
T E B EE F AR, 2024, 34(16): 56-61.
HOBBY G P, KARADUTA O, DUSIO G F, et al. Chronic
kidney disease and the gut microbiome[J]. Am J Physiol Renal
Physiol, 2019, 316(6): F1211-F1217.
TUEGEL C, BANSAL N. Heart failure in patients with kidney
disease[J]. Heart, 2017, 103(23): 1848-1853.
LAU W L, NUNES A C F, VASILEVKO V, et al. Chronic
kidney disease increases cerebral microbleeds in mouse and
man[J]. Transl Stroke Res, 2020, 11(1): 122-134.
LINW Z, LIUM C, WU X X, et al. Altered cerebral blood flow
in the progression of chronic kidney disease[J]. J Pers Med,
2023, 13(1): 142.
MIYAZAWA H, OOKAWARA S, ITO K, et al. Association of
cerebral oxygenation with estimated glomerular filtration rate
and cognitive function in chronic kidney disease patients without
dialysis therapy[J]. PLoS One, 2018, 13(6): €0199366.
LIU H S, HARTUNG E A, JAWAD A F, et al. Regional cerebral
blood flow in children and young adults with chronic kidney
disease[J]. Radiology, 2018, 288(3): 849-858.
TAMURA M K, PAJEWSKI N M, BRYAN R N, et al. Chronic

. 45

[20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

.

kidney disease, cerebral blood flow, and white matter volume in
hypertensive adults[J]. Neurology, 2016, 86(13): 1208-1216.
SEDAGHAT S, VERNOOIJ M W, LOEHRER E, et al. Kidney
function and cerebral blood flow: the Rotterdam study[J]. J Am
Soc Nephrol, 2016, 27(3): 715-721.

CASTRO P, AZEVEDO E, ROCHA I, et al. Chronic kidney
disease and poor outcomes in ischemic stroke: is impaired
cerebral autoregulation the missing link?[J]. BMC Neurol, 2018,
18(1): 21.

FULARSKI P, CZARNIK W, DABEK B, et al. Broader
perspective on atherosclerosis-selected risk factors, biomarkers,
and therapeutic approach[J]. Int J Mol Sci, 2024, 25(10): 5212.
BUSCEMI S, GERACI G, MASSENTI F M, et al. Renal
function and carotid atherosclerosis in adults with no known
kidney disease[J]. Nutr Metab Cardiovasc Dis, 2017, 27(3):
267-273.

CANNISTRARO R J, BADI M, EIDELMAN B H, et al. CNS
small vessel disease: a clinical review[J]. Neurology, 2019,
92(24): 1146-1156.

WARDLAW J M, SMITH C, DICHGANS M. Small vessel
disease: mechanisms and clinical implications[J]. Lancet Neurol,
2019, 18(7): 684-696.

YAO T T, SONG G P, LI Y H, et al. Chronic kidney disease
correlates with MRI findings of cerebral small vessel disease[J].
Ren Fail, 2021, 43(1): 255-263.

OLMEZ B, TOGAY ISIKAY C, PEKER E, et al. The
relationship between renal function and imaging markers and
total burden of cerebral small vessel disease[J]. Neurologist,
2022, 27(4): 157-163.

XIAO CY,MAY H, OU Y N, et al. Association between kidney
function and the burden of cerebral small vessel disease: an
updated meta-analysis and systematic review[J]. Cerebrovasc
Dis, 2023, 52(4): 376-386.

e, B4, Kor, SF L MR C. JRAR . HELC VR
IRV 5 80/ ML 995 25 9 9 DI A3 A [0, o G B 45 I L 7
4R, 2018, 16(19): 2900-2901.

YAO D X, LI S, JING J, et al. Association of serum cystatin C
with cerebral small vessel disease in
population[J]. Stroke, 2022, 53(10): 3123-3132.
TR, Ty UK, XSS, S IS E C. B, ek E T ik
I 0 /0N 1L 9 1 AR DG MR B 5T (. b AR R AR 2024,
62(11): 32-35.

NG PRl 71 AR 1/ DR VLT 2288 R 9 ' 95 JEE 45 40 v v
R[] SEH PR BESS A IR IR, 2021, 21(13): 114-115.

M3 . 2P AT 26 255 DR 1B L UIT ARG 11 B 72 4 G
BE[]. TP E 25951, 2020, 20(18): 3130-3132.

MARINI S, GEORGAKIS M K, CHUNG J, et al. Genetic

community-based

overlap and causal inferences between kidney function and
cerebrovascular disease[J]. Neurology, 2020, 94(24): e2581-
e2591.

NASH P S, FANDLER-HOFLER S, AMBLER G, et al.



FpIE AR ek

4135 %

[36]

[37]

[38]

[39]

[40]

Associations of cerebral small vessel disease and chronic kidney
disease in patients with acute intracerebral hemorrhage: a Cross-
Sectional study[J]. Neurology, 2024, 103(2): €209540.

G4t T RE TR b5 X IR /0N L G Y5 R (0], WV BE A,
2020, 42(24): 2672-2674.

WULY, LUYY, ZHENG S S, et al. Associations between renal
function, hippocampal volume, and cognitive impairment in 544
outpatients[J]. Front Neurol, 2024, 15: 1347682.

LI T, HU Z L, QIAO LY, et al. Chronic kidney disease and
cognitive performance: NHANES 2011 - 2014[J]. BMC Geriatr,
2024, 24(1): 351.

g, L, ELETE, 4 8 FOR R RO & AR
4 R0 G0 T BE A4 RH DG M 43 3], Tr b R 24, 2020, 42(11):
1719-1722.

LIABEUF S, PEPIN M, FRANSSEN C F M, et al. Chronic

kidney disease and neurological disorders: are uraemic toxins the

. 46

[41]

[42]

missing piece of the puzzle?[J]. Nephrol Dial Transplant, 2021,
37(Suppl 2): ii33-ii44.
BOBOT M. Cognitive impairment and the blood-brain barrier in
chronic kidney disease: role of the uremic toxins[J]. Nephrol
Ther, 2023, 19(7): 607-615.
SUN W, LI C, JIAO Z Q, et al. Multiparameter neuroimaging
study of neurovascular coupling changes in patients with end-
stage renal disease[J]. Brain Behav, 2024, 14(6): e3598.

Gl G

35| g WRIH, SO . A8 1L B 5 M /N A A7
JEL]. rhEBCEE A AR, 2025, 35(1): 42-46.

Cite this article as: CHEN Q, JIA W H. Research progress of
chronic kidney disease and cerebral small vessel disease[J]. China
Journal of Modern Medicine, 2025, 35(1): 42-46.



