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Recent advance in mechanism of cognitive impairment induced by chronic kidney disease
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[Abstract] Chronic kidney disease (CKD) is a common chronic disease, which is characterized by structural defects and dysfunction
in the kidney. The incidence of cognitive dysfunction in CKD patients is significantly higher than that in the general population.
Cognitive dysfunction seriously affects the quality of life and therapeutic treatment of CKD patients. In recent years, significant
progress has been made in research on the mechanisms and treatments of cognitive impairment induced by CKD. The risk factors of
CKD induced cognitive dysfunction include vascular damage, uremic toxins, metabolic acidosis, hemodialysis, and these factors are
interwoven with complex mechanisms of renal-brain crosstalk. The current treatments for CKD induced cognitive dysfunction mainly
rely on drug therapy, combined with other non-drug therapeutic approaches, such as cognitive rehabilitation training and non-invasive
brain electrophysiological stimulation, aiming to achieve optimal therapeutic effects. This review focused on the research progress of
the mechanisms and treatments of cognitive impairment induced by CKD, providing a basis for the early identification, prevention, and
treatment of cognitive dysfunction. In the future, studies will continue to explore the pathogenesis of CKD induced cognitive
impairment, aiming to provide more effective treatment strategies for clinical practice and improve the quality of life and prognosis of
patients.
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Figure 1 Risk factors for cognitive impairment in CKD
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U A2 O AN I R HT-22 [ 47 35 5%, X 5 8 B
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XA T B BEVEVE ORI 4 0 7 AR
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A AR AR S R AL 2R AT AR BE
JR A HLAE CNS B 2 R oc i Th e, (E L2 kT
IS Ji= W 5 BUNH B fe 100 0 R 20 L 9 1, SR B0E NF-
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Table 1 The impact and mechanism of uremic toxins on the CNS

Classification Uremic toxin Impact on CNS

Mechanism References

Water-soluble low- Guanidine Neurological

molecular - weight diseases

solutes
Asymmetric dim- Inflammatory responses
ethylarginine and endothelial dysfunction
Phosphate Localized inflammation

Middle molecules  B,-microglobulin ~ Synaptic damage and mem-

ory deficits
Protein-bound ure- Homocysteine
mic toxins endothelial cell damage

Indoxyl sulfate Astrocyte  apoptosis

neuronal death

BBB breakdown
Kynurenine Neuronal cell apoptosis;

the relative imbalance of

KYNA and QUIN levels
Methylglyoxal Neuronal cell damage

degenerative

White matter damage and

Methylguanidine enhanced the pro - apoptotic [29]
effects of H,0, and altered the mitochondrial calcium
homeostasis of glial cells; guanidine compounds

could block GABA - A receptors and activate

NMDA receptors

Elevated levels of ADMA could further lead to a [33]
decrease in NO

Increased the expression of VCAM-1 and ICAM-1 [29]
in brain endothelial cells; alkaline phosphatase led [16]
to Tau phosphorylation, caused the binding of Tau

to muscarinic receptors on hippocampal neurons,

led to a large influx of calcium into the cells and
triggered apoptosis

B:M could cross the blood-brain barrier and act on [34]
the NMDA receptors in nerve cells

Increased the production of H,0,, affected the anti- [35]
oxidant defense system, and induced apoptosis by

the generation of mitochondrial oxidants

IS inhibited the MAPK signaling pathway under [36]
oxidative stress; activation of NF-kB and AhR in-

duced neuroinflammation and oxidative stress in

the brain; inhibited glycolysis in astrocytes

Disrupted the BBB by AhR activation [37]

Cytokines like IFN -y activated the kynurenine [29]
pathway, causing QUIN production by monocytes, [38]
which could damage cells via NMDA receptors and

promote the formation of reactive oxygen species

Increased oxidative stress and depleted glutathione [28]
levels
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MBS 20 BT A, 1 BAT 50 B AORZ, th1a]
PRI 1 S 15 Sk o R A XA i = 55 A% S N
XU o S TR A 220 2 U A% e e ) ALK
L 2 3 BRI T I T PR S 5 Sk g R AR DX AR
e i = 55 A% 0 10 T TR AN AZ K R AT XA RN
HE TR 5 B A B 22 TG, el ot 5 S B IR
RAEM L T, e AT N A Bk 223 B0, fiE
jriae s i S S NR E ) @ NTTR Rl = 11 R i B
NS R WG 2, £E CKD Y
SRR T R I XA TR AT RE
LA, YT A A NO 5 Ang T
PR 2 A7 5 00 5 13X b SR A R — 2D i R B R
I BCRIEGE A . IR FiER, B IR LM 2T A
DG —FA R R B AT BUEE R T
5% Pl 2 T B — S AL A 5 B (neuronal nitric
oxide synthase, nNOS) (7KDL Sk 55 ' 2= - L5 55 7k
2 - [ i 22 4t (renin-angiotensin-aldosterone system,
RAAS) (R0 , 2 1M 4% CKD B IAEIR™ . AR
W TS e R ST, WISk ACE il 77 5%
697 735, W BN CKD MG R4t — 2 B B . 2R
M, ST R GRS TE /2 5 15 CKD CIA B B
WA, Vo it — DRt

3 CKD CIBY4EMkrE4

W FL CKD CI I 2E Wb 7640 %65 55 93 (1) 4 2
BAEEE N @ ks e b &9, a9 0 1
ke 22356 5 2%, BE % o 5L IR S CLXUK: , 375530
TRIGAL S, XA BT B0 B3 i A TG i &, (it
KHGETT, 1 B 9WF5 CKD CLEIHLER LS

B.- T Bk & [ (B.-microglobulin, B.M) #& & 4
SUHAMER G 1 850 TG 7, 53K
[P CILATAD A K. B 1 B.M /KF- 5 C1 i &k A= 2 AH
%, ATE A CKD 5l #2 C1HI R AP bs £, 48
1M, B-M 2 5 CI I B ARMLE] 1 ANE 4, A f5 gk — 20
WF5C . V€M FEEE A 5 Camyloid beta, AB) /& CKD 5]
R CLIR BRI 2 — , I PRI FC 3R B, 75 2 if 2K
P& 2 18], AB42. AB40 5 CT FAH I i, Atk
AE NI AR ED . MiE4EERD S EEA

(vitamin D binding protein, DBP) 7K~F-5 CKD [1] & J&
FYIM K . G ILIE DBP A 9 Tl A - 7T 2 2% 42
T+ CKD RIS VAt 452 784 1) 300 0 48 7 8, A5 B T 3301
CKD mifes NFF. 54E CKD S AR LL, CKD B 1L
H b B R AT I 22 R TR R AN T R 7K - T
e TSN RE IR I B A B, INFN D e T BE
P I B0 A A AR B AR A I - 22 2B (L-ser-
ine, L-Ser) /K~F. AL, Il 3 L-Ser /K-FH B N2
W7 I Y2 AT CKD & 38 CLEHT B A= Wb 640

1% J BBl 25 [8] (perivascular space, PVS) ™K A&
WERG D REFRFFHIEIL . CKD B, ¥ 2 Bk
P R £ A 512 BBB B M A8, S 8UN 6 W
HTA) ST OB I 7 B o bR B2 2R 9 2 5 YU )
JRBAE A 8 RO, FLT)RE R S AR AR AT
Tau & A FIERE, FEOAMBE I T, 5&ACl
ff) CKD (& AL, A CLA CKD B A 52 Al
JEAHZE T PVS S 2 0, FAT B iR BBURR M 5 s S
PE, J& CKD B F R CLI XL — T EAbr £

H T HIR i R A ) K 2R 4 v FEEARLARL, A0 9 JBE 4o
22 1ML AR b 35 W i I A 8 0 h B B
FIFRZR M. 7R CLI¥ CKD &35 o, il s 24
b1 JZ $3 4 (optical coherence tomography, OCT) I
OCT I 3 52 » J AL 19X JIEE I8 1 67 A i A % &
(deep vascular plexus vascular density, DVP-VD) /&
CKD 3 ] R piR S & R 1E 0 O SZ R 3R, 5
L CIA SR TE™,

WAk, FE4R T CKD CLALHI L f v, A W15 2
FRE R IR M T R B E IR R AR AR B s . A
XL FEYE, AT DL AR B R T BRI CT AR AR
Yikr B, 655K E R R A8 5 R B AR IB K P
S AR A A S o B A AR ERN O3
Pr 538 BRIk, AN REWS B 47 ML BE AR CKD CI FA 95 B
B, T LA B3 A BB #9677 #E £, N CKD
B CLERBE 138 AL A FIAT B HROVE T S0

4 RIT R TRA

B CKD CLIR YT M il 2 B 17— € it
J&, B NGETT FAEZIRIT R
4.1 HHTm

X T B2 CKD 51 5 » 2941 Tilid & 13
ACEI B ARB F£ % CI {1/ & Az JRU: B AE 2% Lt Jg ™o
W7t B, ACET 2Ll i 55 Ang [T A1F F R
BT B 7125 . 230 BHET Ang 1T (1) AECRA AL
FE I, BB R PEAR /N ER S ek 2D 2 R ARG
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DI TR T RS . — T 21 208 451 i 3 11 [0 Jasi 14 A 51
W FC KL, ARB X Tl CKD &3 1) CLR AR A 3%
YER, R 3 M OR AP VR A BE & ARB A5 H 1 38 i 184
I, S IR AR

By - %) B 32 2 E 2 ) 57 (sodium - glucose
transport protein 2 inhibitor, SGLT2i) B¢ % £ % .0 IflL
TS PR M GRS R R 52 . SGLT2iE 2
FAE FH AR, ek i S 25 8 RH PRAAHEE, (=] gD
AR Noel SR BEHLN RETIGH 78 A LI
R HIFAE G CLJT TH I A IR I R A
IS PR TR B, IR FE IKEG-4 (dipeptidyl peptidase-4,
DPP-4) 411 il 75 % 4E 2% CKD 5| 2 (1) CTH AT & 3 2%

B FIREHITR—F DPP-4 4057, T CKD K £
3 AR N ERE T R K A 45 mL/(min-1.73 m)Ek
30 mL/Cmin- 1.73 m?) [ 2 B8 JR 97 2 3%, 7E TR CI
() A R 5 T ) RGP RICR ™

4WIE T AT B B Dy Re, 18 58500 K
J& , 34 e o TR D Re R BT 91 RS IR, LR
Cl. JTdedy, — 225 7E I RS A R Bt — 8
[RIT R A (R 2.
42 A HHh T
421 A£FHXTM

CKD &3 i ia ) 1 7n] 53 52 A R T g,
el ieicts 1. WM, & SHEAT S AT 3 AL

%2 CKD#EXCIIGERIXIEZE
Table 2 Clinical trial medications for CKD-associated CI

Clinical trials Study start Study )
o Drug Drug type . Phase Mechanism
gov identifier date completion date
NCT03223883 Curcumin Natural medicine 2018-01-30 2024-08-31 2 Curcumin is a natural polyphenol
(Estimated) with established anti - inflammatory

NCT04600323  Bicarbonate Chemical drug ~ 2021-02-01

NCT02238977  Bupropion Chemical drug  2016-03-31

NCTO05549154  Vitamin D Chemical drug ~ 2022-12-05

NCT04498962 Danzhu Fuyuan Traditional 2020-08-01

Granule Chinese medicine (Estimated)

and antioxidant properties

2023-07-30 1 -

(Estimated)

2018-03-01 4 Bupropion is a norepinephrine and
dopamine reuptake inhibitor, inhibi-
ting dopamine reuptake and activa-
ting dopaminergic activity

2023-10-30 Not -

(Estimated)  applicable
2021-12-01 Not -
(Estimated)  applicable

RE W% 8 3 1 i S AR Bk e 12, Ik re e B 4K
AR AL, FEAR SOAE AN AL SR o LA,
e JE PR £ S, R0 AL b iR R R, I AR R
B MPTEA AR T 2= XA HI D) RE G AR .
T R AEA B LR EH, IE R E T B
T A SR A T A 38 B A T 52 A7y (peroxisome pro-
liferator-activated receptor gamma, PPARYy) 55 I8 15 I,
RRZE JOREFN ABHITE B AT e N AT RE™ .
IR AT £ 50 N\t 48 A 5 0\ R ) R A ) v 1F 0 A
SR, FE 1 B B T fe RN L R NS R E AR
Flo YEZEZR D AT DLIE I3 I Nef2 B R0E  HERF IR
LORLAR T E S5 18 B AR S AL RO, BT HL 28 PR
R, — 58 /K -F L AT ] CKD B8 35 C1R A e it
FE Xy KON CKD CLE 3244 1

— R R AR 2 T TR
422 dF4Z N # R] K (non-invasive brain stimu-
lation, NIBS)

H AT, NIBS 723697 CIH R SR B2/, (2 A
BF 524 B NIBS 7] fig /& CKD 51 & CI 1A 208 A7
%o WEIUSE B 7 i I 2 U A Chigh -fre-
quency repetitive transcranial magnetic stimulation,
HEFrTMS) £E 250 AR N 7 T ROR B A A AR
FREER IR R 1R

5 NEFRE

CKD H# CIM R AR, 5 ANEML,
BB XU B 0 T 3 4%, Ho AT AEAE CKD fY S 3R B
L. SR, B TS N B R T VR 2 R
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CKD CI [y B AR R 5 22 ARFAE v R 52 4 A . H AT,
CKD CI B2 Wt 2 AR 4 THT A4 4800 B 20, X
S U VA 0 114 22 A Th g X sk, wnic A2 3 7T B
ITTIRESE . AR, IR L RAE I 4K, HT RETCVE R
JEHIAS I B A RN T BE AR AL BRI, FERIE S
CKD B3 s 2 O HE AR TR, DL SR RE6E e
CLIEFE (I LE bR 0, X S B R 2 B AT T 42 56
B A, — IO s R A I RS B S R T AR
TG 20 MR ()N T8 BE A TR A= Bl R iR 1l
BAHIE, ) E — & B Y EY A
RCT T CKD 8835 (1) CL, R CKD &5 3 5 1 1B A
T CLAEAE A JiEdE=.

SR CKD CLEY A AL 1 A 58 4= 1 B, (R A 7T
CAA 7 —EERRE. EBRRIABEEE,
HRT B TE IR N Hb T AR 5 5 1 2 1) AR A ELAE
WE GG 5D ae 2 s B A B R . R
oK 5 BV 2N FE A 5T, 45 B 25 T R RN 2 23 T
o Mook, 856 BAREDH A, G s gn fa il 5 2
AR, G BT 7R R4 A 5 5 (1 43 1 2
fitkh, R BT 0 5978 A O N R SR, R I 0 B
BEHT IR TT B A PR I AN A B4 I B Ak
MU K A7 Bh T B T 5 14 1 T4 i, 2038 CKD
R IR AE I AL, FE AT B8 S LA S 2R 0
(VG TT $ BEHT 1) LA o

35S R
{52 B 5 ) 0 SR B T T R R, (B TR 25
.
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