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1B ¥\ 41 45 (Vascular Cognitive Impairment, VCI) & B B %2 R E G E RS R KA NThEe 2
i, REHEHMEEREEMEREEIONMERPBRAL. BRERNSBRESENZMR. EFER, §
HBREEAFTRHLRGR TRE D", HRSFRWE RS FR SR EIUH A, PR
R BAIER AN A S AR . ST B R I10 % 514 (Optical Coherence Tomogra-
phy Angiography, OCTA)E AR IR, &6 A TEEELE, LI T HMEMINLESEHEEEN, AVC
R AT, WAL R BT RO IREE T H TR . SR SR, VCIEE 1AM A ML R -5 KR 2 &
YIHER: REBYINE N (Deep Retinal Capillary Plexus, DCP)Z & &% 5 A FURR AR AAHL, 8
BT B RS A RRER R EIRKRNAY, SESEET BERASERE, HXRFTEET.
A, MMESEEF ZERW RS FNNZR R AT .. REMMEREDERIE. ERASER
KB NBEHIVCITRI H RILH B ), (BEMBREARREN ., 2P O0RIERZESHFEES, TEAH
R, Kok, BEFRETREEEINAXFEE RS FHTI0 - i 2008, DU RSB ¥F0CTA
FORE Y657 SRS B e R AL « DA B AR AVCIFRE AT IR TEE T O, FEYANERSITHEE
FE I TFA BT IR

X in
B PN ARG, RPN E , S T iR 1 I S

Advancements in Research on Retinal
Biomarkers in Vascular Cognitive
Impairment

Lingtong Zhang!, Ling Cuiz*

!Graduate School, Youjiang Medical University for Nationalities, Baise Guangxi
2Department of Ophthalmology, The Peoples Hospital of Guangxi Zhuang Autonomous Region, Nanning Guangxi

EIREE .

SCES|H: KIYHE, . PURBUR S I R RIBERS OB SRR D). ISR AL ER S, 2025, 4(3): 560-567.
DOI: 10.12677/jcpm.2025.43381


https://www.hanspub.org/journal/jcpm
https://doi.org/10.12677/jcpm.2025.43381
https://doi.org/10.12677/jcpm.2025.43381
https://www.hanspub.org/

Received: May 11, 2025; accepted: Jun. 5%, 2025; published: Jun. 13%, 2025

Abstract

Vascular Cognitive Impairment (VCI), caused by cerebrovascular pathologies and their risk factors,
leads to cognitive decline. Early diagnosis remains challenging due to the invasiveness, high cost,
and limited sensitivity of traditional neuroimaging and cognitive assessments. Recent advances
highlight the retina—a “visible window” of the central nervous system owing to shared embryonic
origins and pathological mechanisms—as a promising source of non-invasive biomarkers. Optical
Coherence Tomography Angiography (OCTA), combined with Al algorithms, enables precise quan-
tification of retinal microvascular parameters, offering novel tools for early VCI screening, sub-
type classification, and treatment monitoring. Key findings include reduced deep capillary plexus
(DCP) density correlating with white matter lesion volume, and venous tortuosity predicting an-
nual lesion progression. Multimodal models integrating retinal vascular metrics and demographic
data enhance diagnostic accuracy and subtype differentiation. Retinal parameters also track post-
stroke cognitive decline and drug responses (e.g., cholinesterase inhibitor efficacy). While retinal
biomarkers show potential in high-risk populations (hypertension, diabetes), challenges persist in
standardization, multicenter validation, and multimodal data integration. Future priorities include
Al-driven community screening systems, molecular exploration of the retina-brain axis, and clinical
translation of super-resolution OCTA and targeted therapies. Retinal imaging holds promise for re-
fining VCI diagnostics and personalized interventions, potentially reshaping global clinical stand-
ards.

Keywords

Vascular Cognitive Impairment, Retinal Capillary, Optical Coherence Tomography

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

B ARk 2 0 A HERR IR, I M BB A5 (V CT) R FG 1 R0 28 5 BURME O 8K A 3% TUAE Bk AR . VT
72 HH 0 L A5 9 73 B G s I TR 3R (v L« W PRI ) 51 R IR RN D e AT 1M 6B £R-5 AE, 8 5 AN FEE A R B
5 2 I MR R B AR AR, HH 5B R 2k i BRI (Alzheimer’s disease, AD)RHE LAY, SEURE & AL R 12 B
5T WE . BReWikimae B 5INER, HENE. S LBUSEA 2 R T B A S
W PEPREVE AR RGN “RILE 07, H SRS ERIaRIE . 5 &y ilE ERE
FEFEME o D62 AH T W 2 348 L AR (OCTA) 5 N LR REHEAR SR, AR I3 8 2 4 (o B 40 ifL 5
WL ERIIKIE R RS HE R AL O T RE, S VO I R IATIUE . AL S ) BT O AL 4 TR T RE . AR
LRGN T E WA AR, R RO E AR ETE VO H B L] . WP A Ak
ik, DU 2 BRI 1 2 040 S SR AR

2. MEMAHER(VCDREX 543
2.1. EXERITRFIFE
P 10 A% 995 72 J% JHC R 6 fes K TR 25 7 5 5502 R A 0 A 281 S5 £ T i 0 2 s S L e A e e
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(Vascular Cognitive Impairment, VCI) [1], %370 DA LE YRV 453495 5 D\ 0 S BE R 22 18] (1) PR AR SR B 2
BRHIE . FRERATHZ T SR, RIE 60 5 &L ABEF 5 B EA 6.0%, FHH il 5 R (vascular
dementia, VaD) 7 1.6%, 21X T AD [ W RFEAL 2] [3]. 75 65 & K& LA EABEH, 32 B\ MBS (mild
cognitive impairment, MCI) i 54 20.8%, Hrh 5 i L8595 A ML e B IR 3 AH OC I MCI (5 8.7%, 2945
MCI A1) 42% [4] - 3 5 ik 25 H A7 YT E, 2020 A7 25 H B0 28 R R 2 93 1N 2.6%FH 505.2/10 3 [5],
Hodr 2y 173 1) 835 K S8 N A G\ F1 B A5 (post-stroke cognitive impairment, PSCI) [6]. ItAb, &4 A\HEiE
W EBAFELE VCI AT AD, P A ELsgm . AR IR E, XHARIZ A ERE = AR B AL 7], HHT VCI B&%
A NEWETE R, Fi, SEAIEHES) VCL G R FIATHE, KT FRAK VCT & XU R 530 TR
A HEER .

2.2. ISR B S5SHRE

VCI H4E I PR ™ B R FE 7 AP AP AL . I8 14 42 B2 DA R[5 85 (Vascular Miild Cognitive Impairment,
VMCI) (JRFR I M A FBAS dE%i R, Vascular Cognitive Impairment No Dementia, VCIND ) IfIL 8 14 J5i R
(Vascular Dementia, VaD) [8]-[10]. VMCI FIHRFIE & — AN B2 AN RS2 51, (HA R 5em T M H &
£ ¥ B8 /1 (Instrumental Activities of Daily Living, IADL)& 3 A H & 4 i B8 77 (Activities of Daily Living,
ADL); i VaD JUJ5E SCN— AN MM M E 1%, H 320 IADL Fl/s ADL AH5C DI RE AT .

R 2018 4E 43k 27 [ % 50 i A Ml RN Reed 4 2835110 (Vascular Impairment of Cognition
Classification Consensus Study, VICCCS) [9], A<$i B L& 1 DA KN R AS (VCD) I R 40 BB B 9 lU 26 1)
A JEINFIBERS(PSCL): 77 ARt A RT3, NI EAERE TG 6 MH N HILHRFZE>3 M H; 2) R
FHRIMLAE VCI(SIVCL): RRAE A b /)N L 05 AH DG B =S 5 A BR AL 3) 2 R BEAETE VCI(MIC: 2K
PEREZE I B AR ANTE 5 DA S SRR KU IEAR DG 4) RAET VCIMIXCD): & JF H b 2R AT 2L,
T E L I R -F 8 - VbR S LRGPPl T SR EIFRTE A 4%, W1 VCI-AD 8 AD-VCIL. Ak, 5 K53 B4 TS
WA 2011 R HE B AR R AN (FER R M . SRt i . ik o A g i 95 M AR A 1 VD) [11],
DA S ke I A 453 475 ) S o PR ATL ) o

2.3, HELBFRER R F T

Bribz Ab, fEARZ O BRRAE J T U CASRAT T g 15 S AL BRI RS K B R VE R 12 BN O, AT ARIE
M BGCIZ N Re 2 2, HOA I FE A S A R B UM OC . I IRIPAS 75 4 JEHEdE: o2y
SRR INEIVEAG B R (MoCA, ARAEZE /KPRt st i/ mbhi ) [12] [13], ook 5 P52 B\ Jn i
(VMCI) PR AE 5 25 00 T 17 R REAR SR BE(MMSE) o X T-REABR 1], 75 EAT A T AP 2 O BRVT AL, I 5 44
1TOIRE A5 BACELERL . B SV RS AR 5%, (A 45 G ORLE [ 5 A0 H % A iE Re 20 A, DAtk
AR JRAEAEIR, WA ImRESERT VAL &5 RT3 AR B 6~12 M H E B OINENE,
FERAT N EH GG 3~6 M H, FFRDRETER IR AL VP, DORS vHE I 55 12 e ST TAkCR

VCI 5AAZ PPl BL 3.0 T Skt MRI AZC T B, FL3d Jeb 15030 i 10/ 453473 238 ) 5 9 BRI AAF S 5 R
TR 5 RS W R TS AL, IR CT AU/ )y MRI 28 S8 TT Sz B B AR 77 R [14]. SL8 3R 20 AW
KYEfE: © FHAHIKE VCL: BRFEAE: H SO A2 B 03/ B R R KA B OCBE X ik, DWI R &
PERISERUR, IO AR, e AR [15]; M. 2R H i s A AR S R A G, R
e fifr. @ KB FHRIMME VCI [16]: B0 G bnE0HE: 1) AR R~ /IMEZE(E Bkt X,
B <20 mm); 2) BEPALRIEAE 3~15 mm BARSEA R 3) WA &S5 (WMH): 8 217G
(Fazekas/ ARWMC/Scheltens )84 & & 7 HT(SPM/FreeSurfer H AT E) [17]; 4) L H ML(SWI A
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SRISHE, MK

5%, HiE2~5 mm)5 VCI REKRE[18]; 5) WESE(RIX <4 mm ik, & 7.0 T MRIG); 6) B
JFUTR(SWI R IEARAS 5, UK CAA L), 7) INZESE: 2 BB R (GCA/MTA)BK [ 3L AR & (i
SRS I 512 4) [19].

2.4. £S5 YIRS R

VCI 5 AD HIERIFEEE L. MAERGHRE .. AW EY AN ThREE 4R EIMThRER
Fer, VCI IBATIRE . 15 BACHE N AHRIE, AD UERiCIZBiFE NE . EAEMEYETR, BN
MR RIS BEREAT S0 i, MBAs SRS © F 1 AD B35 14 b )5 & BT 3 (Glycogen
Synthase Kinase-3, GSK-3) &3+ 51[20]; @ (fil/MRAH IS E 1 APP 130:110 HWE AT T VP4l AD [ EFEEE,
O S B 80%~95% [21]; B #4> AD HH ML SEMYRE R 19-842 (ABA2) T WIT1 w5, BEFLIEIE T
FE[22]: @ 258/ M AR AR E(C RV E . MEBERZ/ B0 NE LB %) B A B RSB E[23]. AD ¥
PRI AD7C #1145 22 85 I (NTP) BIURR S /07 57 P 3 R [ 24 o 55 » FlPE R 7 TR PAS U AZ OoAR BB R Ap42
ALA2:40 LLAEBE A I AT 2 TF AD TR UHERGTE 2 80%LA E[25]; @ & tau 2K F(T-tau)/BEFR 1L tau ZE 1 181
A5 (P-taul81): T-tau KWL RFBG(AD FHiEr 300%, HFFE 50%~60%), P-taul81 Ffi g m st Ji 4f
ey sk (] T4 %) AD 5 FTD/DLB/VaD), #7 Ap42 B#% + Tau IEH #7R AD i IR B [26] [27].

3. MR E(EA VCI FREMRIATgEME
3.1. f£GiSHR ERE:

T VCI F2 W e BE AR 28 548 (1 MRI R B & 15 5 AR PP A 2L B2 B3R, IS4
IR\ FHVEAL B 28 (Montreal Cognitive Assessment MoCA). XSRS EAAELL FRRME: © @BAM: WEH
ZERIATI AB/tau B 2 — PR AR B 75, ARG RS, HARE AR ARG . 3P 208 o AN IS T
KM A sl s . @ KA (A1 R 28 F e MIRT SR AR 75 o TR) K A 9 PR e vy I (75 L xE DL T
FEXCORUAR AL . S MRIFER I 1 5 /515 5 (WMH) R At o 1035995 28 77 1T B A 858 e A UV A
Sk, RRE] T 2 R [28]; @ BUBRTEA L : MoCA &R IEA MR FE A R AS (MCL) AR AR /R 7K
BRI (AD) 7 TH 2 A 58 5 B R ABUE (90%) IR S 14 (87%), (HAE VCI 153112 b, FLABUR: v] B 52 21 PR 1
MoCA ERIITEAEF I VCI B E A ECR, X A]Be 2 AR Ny F 2 W TR BT 521297,

3.2. YLMIERS RIRHE R G H) KB

B TR, BRI ReSE T VCI kA, Bk s g, B AR AR B 8T B TR 7L VCI
MR IFALS], A BT R AR L5 AR FE S S S H0E S VO R FEVIME G, Gy M B M4 43 %
4 0 828 A1 2% T OR 94 S A L 5 O 288 B R 25 2R [30] 0 32 TR 24 T 1K 2 A (OCT) S i 4% 385 52 (OC T A)
FLdoN, VO [ AL AR A0E 5 DA 400 0 R P S 3 A O s AR T3 P RN e (MLCT) AR 3 R AT
IEH XA, AD B R H B X %2 BN AN (SCP) ML %5 B . MEVE S A2 S5 40 - A MR JE(GC-
IPL)JE 3 5 25 A, REAR, MU A A8 /T REVE N VCI IAE bR E[317.

PR EAE A AR AR 2 R G R, Ui 4 R S i S fE S SRR R & s BERIR . 4544 |,
ifiL - # ¥ 15 57 % (Blood-Retina barrier, BRB) 5 IfiL Jifi f &% (Blood-Brain Barrier, BBB) ¥4 ffi 5% % 1% 432 £ 1
(ZO-1. occludin)FIZ: Bt %45 5 1 (VE-cadherin) 4ERF DI AE, 1A 9 555 10 P9 1R 49 28 138 50 70 (NVU) ZEAR
FREDR B AR 22 T WL b B [RIRA P [32] [33 ] Ml I 5505 A e “fioi — 40000 Jls 2t 5] D 08 ) A L5 14 9 2
TER L [34] 0 1S PERAKHEEF (CCH)Z VCI [ OGEFAE, IR TR F(BAX. Caspase-3)Jf i Bel-
2 M, FECEALROEIE N, 5 AR IARIRE R . CCH ISR SR o &8 i soc i se 2, 33U
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I/ A I PR R AT I - i B e T e RS [35] . FEES 8% B 40 F WS ALEI U7 1/, VEGF/MMP-9 J# #% /£ BRB Al
BBB A AR E K BAE ], VEGF @i i MMP-9, B3R S8 3825 (W1 occludin Al claudin-5), S
BRB ! BBB HEE G X FRIAEH 2 SEUR M. & JIOERMPEH0, & VCI AL R
{14 L EA LI [36]

4. SLMERAREN S MEMATFER
4.1. PR RARE RIS

ML 5 LBl K S 2B AR (CRAE) 2 S AL I B Sl K B A R P52 1) B B8 b, L5 28 i LB 0 XU
RIZRAHIK[37], £ AD B thiflikiE i & (Tortuosity Index)F) i ml i S me 1 /i ML i B ARk [38]0 JT4F
K, JaAART WZ T3 BUR(OCT) BORAE 42 B PR 1297 U N T 32 332 9%7E 22 Wil PRAIT FU 38 B 4
FEGIR 2 WA 7 B T b B BB AR, R PRI RGP AT 51 AR AL R B X
A%, Bt AD S IR R A 28 41 2 2 (RNFL) S5 P I D S5 TR 28 4 00 o B 162 I 5K OCT #
AR BE S LB A S5 48 (R TC QU R 0 HE R A, e = 4R B Dh RE T RS U AL PR IR R, X Ay
RSORE HE 1) AR AR P A HC SR BRI R R 7 I S 2 T . 7RIV U T T, 62 A I R 43 40 L A
(OCTA)BAJE R A% I ML 75 5 A AL SIS i) = 4E T ALAL , SR TE 7 v S I 5270 BT SRAGROK
e PR R, AN RETE BB 57 sl bk g AN B 240 1A i oL [X S50 AR IR T A543 AIE, 38 RESE B 70 Hr il
W M0 970 2 P2 S LA 3N 0 2 8. SRS AE IE 2 EL, OCTA HA R AN (M4 . ToeI % A5 HARIL S,
FEAIL IO 58 I A5 A2 590 A0 2R G 1) S 5 2 v R L R A SR AT 5o BeAh, A2 BOR BB X TE L4
T AR AL S S S B e BVPS BAT R T A NE, AR ST s it 1 SRR A i

4.2. MEERREYS VCI X ERsIER

PRI A S A EADTE VCT I PR IS C R 8 2 RHE 7T AR s ek, RO (B 7E T i el
PERL I L AR A AR AR 7R I - BRI R R AR A HLH] . OCTA AE SR AL QAR 8 I kil 21
YLIZ B 5 R W) ZAH ST, TITE 5~8 pum 43 HF2R T SCIAN RS B 200 1L 857 X 45 (1) = 2 vl AL, B A VT AG 35
BE X 7 )= B A0 LE A (SCP) I IS 2 FE  EVE %6 FE A 24 i - 9 AVIR)Z(GC-IPL) B FE & kb f b, 1X
BE CUPAIE S S VCT (R B REAEAE SR {6, B ot A 2 v R 3 1 i G I % A 1) S AR i IR AR P i 14
KN#ESZ MoCA Fl MMSE VEAli, Bl JE7E 3~6 AN H G 7 MARIAUS AT IE U AP & O3 0P . 455
R IR I R A v B S N I B %) T e T O A b S 3~6 N H IR 2 VCI [39].

MR ERRLAIZ T, A0 99 AR % #%  (microvascular rarefaction) AN S B Jay SRR L5345,  SE A0 A4
S VR AR B 07 o - A A B R S, WS i 2H 2L S IR G IR (YR B A SRR
UM AR (T E M. R E30ER:), Rk VCI A IS I 57 BRep R . i 4% 8 B TR B 4 K259
PR ][R]0 R I TR R BB 2R o A 20 SCHR R I3 30 ik 8% % (Carotid artery stenosis, CAS)$:21 VCI &4
MIBLELR 2 7T, BT 030K R AR A0 AL S SO A% ZE T I B D 2 Ak, R B o (RO 24 1) e e
HSHAE CAS M1 VCI &5 SCHEAE T . 400 W9 RS4RI 27 28 8 ok S0 i /N IS99 A VCT R R LRI 4R 4L 7
MURFIML 2, R R 0408 R R A Do JLATE B R A AR AL PR g 2% AR SRS AR AR 2% o REARA PR I A 28 T g
ILTE RO RO AU - R L AR A 2 ] DAE R — R JE B 5 T HSRBE 785 CAS AHSG I AR # 48 R G5 1)y 2
BA[40]. HEFE 50 % UL Emfa ABFCm L . BRI B OCTA i #, OCTA CA &t H 11
DGR JBu iy A A 00 A0 R 38 A 1 IR AT 1A 0 (O IO B 1M S o i DL PR R IO I 2 A
JE N LG A X 417

AR, N L fé(Artificial intelligence, AD)TEYGZAH T Wi JZ 3R (OCT) 1) B2 AT ARk o R g, G

DOI: 10.12677/jcpm.2025.43381 564 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43381

FARBESEG  Wr G AR Wi BB 1 BRI 70 Hao J 25453 M A 78 th 3R HE T — Bl i TR B 2% ST HE 4L
Eye-AD, LUfst A AR I RS0 IML A 28 20 P Kk 24 FE B 40 TP 1) OCT A PRGOS ASH Il 5. % P Bl 7R e BR i (Early-
onset Alzheimer’s disease, EOAD)FI42 I\ FIBEAF(MCI). ZHFFRAEH T 1671 %2 51 5751 ik OCTA
BIG, %W BALE EOAD (W B 5#E: AUC=0.9355, SMEB%HE: AUC=0.9007)H1 MCI K&l (P #5251
#5: AUC=0.8630, SMHHEHE: AUC=0.8037)77 R RIIPERE. AL, ZWFFLEERPT T OCTA
B WL IS 28546 A= Db ) 5 EOAD/MCI 2 [0] (1) Gk, BfF T 25 R4 AL T 3k — 20 (IE 3 , R BN L OCTA
B 5 N LRSS, BAE A iad. Jot) B A a4 1 RA I [42]

5. B4

IMAEPEARIBERF(VCDE N R E R T 5 TR E R AL AR, LS W SRHEE B, 751 I
FRG A B E LONRER R RE . TR, PR L5 Aok 28 22 45 (0 R A TR  E B ful i
BRI EIARACLE . ONARR AN AP0 bR ST FE 0 B 2R . OCTA BORIIE T, 456 N T RERI%,
SEHL T AL RSN 2 A (TR = B AL R L KL ) A v A, O VCT R &, A
S LIy RO IR AL ORI RT e . B FUIESE, WL G A AR X T R PR (IR S R A 5 A 1
AL AN FIEER AR,  H 2 B A A I 2 RS e R 7T B3 ST s W e . R
MR AR SALE e AR VCT J0 P B BRI 77, (EAESORAREL . 2 Do IRIE 2 S 3
& AT R AR R ORI BR A . ARORIE FUIE T SR AR TR A S A X & R ST A LR - il 7 5 HL
H RN, LLIGE > B OCTA BORIIMRFAL . MR AR B ER VCI K2R, HEshMALL
TP 52, NI PR DA R B S AR HE R SO T R R =

SE
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