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Abstract

¢ Diabetic retinopathy (DR) has long been recognized as
a microvasculopathy, but diabetic retinal neuropathy
(DRN) , with inner retinal
neuroinflammation and neurodegeneration, also occurs in
diabetes mellitus (DM), and even precedes the clinically
observed vascular changes in DM. Clinical studies have
confirmed the diabetic retinal damage as a highly tissue-
specific complication, and proposed
“diabetic retinal disease” (DRD) as the redefined term for
DR. DRN is structurally observed as neuronal apoptosis,
ganglion cell loss, reactive glial proliferation, and
thinning of the inner retina. Functionally, it is manifested
as deficits in retinal electroretinogram, adaptation,
contrast sensitivity, color vision, and psychophysical tests
of microfield and visual field. In-depth studies from an
integrated perspective on DRN will have significant
impacts on new stages, novel therapy, and management
throughout the entire course of DRD.

e KEYWORDS: diabetic retinopathy; diabetic
disease; diabetic retinal neuropathy; editorial

characterized

neurovascular

retinal

Citation: Hui YN. Retinal neuropathy in diabetic retinal disease.
Guoji Yanke Zazhi(Int Eye Sci), 2026,26(5) :729-731.

03lE

T I 9 A0 P B A% ( diabetic retinopathy, DR) K
SR IR A — R S P ECH Y E = R A H DR
DR RS P i 22 2R A7 728 A R AT 1 0 R s PR TR R b 22 g 71
(diabetic retinal neuropathy, DRN) [f] ¥ % 4 78 ¥ IR &
(diabetes mellitus, DM) &, KR8 T s HR K R A B
B () 530 kR BN 2 DRI R R BLAY 5 — D n i .
MR AR HAERT, 1R 2 0F 58 € & 88 DRN AJ 56 T 1 48 5 A2
KA, Adams PR A0 M2 A1 ( retinal

729



EfRIRRIZRE 202658 F£20% E5H
815 :029- 82245172 85205906

https ://www.ijo.cn
BB 31555 :ij0.2000@ 163.com

ganglion cell, RGC ) I 88 1 &l JE M M & & &
(electroretinogram, ERG ) ¥ 2| R R DI AE F %, nl 5 1 a
J5 R AL F A, Sohn 4R 5 7EJE DR B2 DR
i DM &, OG22 40 T B )2 3 5 (optical coherence
tomography, OCT) J& BN W Ji5E i 45 41 48 )2 F1 RGC/ P AR
2 E R AR, R AE DM HEARHR ER 2 DM /)y BRUBE 750 W
SEFN[FRERREAR ML, X DRN A9 X 8635 & B T Xbh
PRIGGUR BRI A IE AR R i =044 48 #5717 DR 43
KRGAR T 145905 22 9 B . DR 9 F08 E X ok
HE PRI A X IE 55 ( diabetic retinal disease, DRD) 41 " DRD
BT FAF T DR FEMIE DRN, 1T DRN AJ R a4 5]
AL 722 2 AR 22 i, R g <l R A e A2 . TR
WF5E DRN B AL G PR 3 305 400, o X5 DRD 1 43
W T IR O R SRR B A E R R
1 DRN &&= #HLHI

FR R 22 Y IE 95 2 ], it 28 98 JE R 2245 1 S DRD
B9 R 0 R B AR B AP A ML R T
WFFE S B 24 L4 BT (neruovascular unit, NVU) F-#4%
IR 228 BV TEAIL D6 T A B3R T R R OC
B R R A R — SR A A A
BN AR DI RE T B 289 U4, 24 I U0 LA 7 40
P REAR I oK o 7E DM Hh It 2y B 52 468 ¢ 30k X6F TR R D16 1
Bl A BT 5K SO D855 | LA K e S AR I SO S
5517 FESh YIS KRR RS LA 1 R IR e L SR #
DRN HYR AL G A 5 5 SO P e B AF  pl 22 e D g
PRlAE R A MR T 3ok e 3R A R A A T A ) L s AR
Z . RGC FITCHK 52 4t Il i f5c A6 0 I8 PR s 175 5 14 240
FRLR T R 285, (H G IR Z 25 A AR Y O T 3R AT BT RS
HH L 1 285 K 732 A2 N Z A0 JBE RN Al 22 21 48 )2 R P sl /b, 22
AL R0 R P (mfERG ) B8 P VER R 30 < R i0t i RA A1

1 28 J J5 A4 L ) 5T R A 28 T M T2 DRN P
SEERFAES IO AN B T AN S A T AR X
M2 TTHE A E . NVU PR 28 B2 M A Miiller 240 /i
RARE B CEEMNREIIEE, ©ATREG8 I8 15 41 I’ 5 1
L P2 2 2PN I KO 2 R il — 40 B9 R B ( blood
retinal barrier, BRB) hfie'” , Miiller 4 i Y 5207 1 88 A 3
WA AR R VE R 1 R M I B A S i A
N Bz A2 K A F (vascular endothelial growth factor, VEGF) [y
FEIRBE I LA R 56 TR Ho 98 A S % 0TS A O, AT R B R
YU A 00 o B 3k DL & BRB ) fE B g, B 5% OIE 5K
Miiller 20 it i) 7 2 R A 57 o (A Ik g ik = ) 7 7 BT 1
S SRR SZ 25 5 M R PN B A4 L 185 000 A B 4 L 1 R DR
Fik AR Miiller 20— 6852 2 — 4 B2 20 L AH X & A9 4K
WA SRS YIRE R AT 2 DRD & % - 11 B B (1 4% 00 1] T
171§ S FRF AR L6595 A AR AE 1 oAt

RAEJE DRD H)—MFRFIE, NVU A/ i 5t 40 i 2
SRR R 2 ORI T RE . O B4 /N BB 40 L 5 | I
I PR ASRE SN, P 2235 SR K R 28 A 2 B e A A I
T ERMER MR AR 1 R E, 5 VEGE R 4L %
K, oT % Kk w4 A T i R R R Y
(advanced glycation end—products, AGEs) /& 5% DRD b
2R M IR AZ Y 2R N R 22—, AGEs #li#9 AGE
AR S VRS A SE BN A I AE TR AR B OS5

730

NVU A G, JUHBRZITIET I 5900 T e B A
SCBYANT] AR AR R 2, AR R RE | S Al
T A 2 R SR DA S R 8 228 37 R 7 2B Y 2R
1, e A 2R AT P 7 K S R A BN R
2 DRN Iifg B #6 il

DRN 3% — AR 7 DM 5 i UL 400 o fiE o 22
AL LRSS E AL, inph 20 T (RGC Rk fh&
JIE J5 48 A LA A0 0 JE A 2 A 9, X R A A8 A ) I 3
5 UGS L BURRRE 1) B RE S TS 2k ERG R B AG A
Xof L BURR R A A DL R HABAR S 58 R 5280
2.1 BBREREY &S5RI OCT X b2 W0 W4 5 k47 T
VAL IF RS B S8 A, 1 A0 R I Y JE 2 AUERL
( disorganization of retinal inner layer, DRIL) . #})Z 1 ® fx
SR ATENCBAZ AR A BE | DL A T BRI 15 A7 1) S 2
S, JERIACE HLIN & 48 FR, DRN e ) 451 3 #1932
RGC JAT,7EJC DR (1) DM f8 35 B AT AG i 25 J5 40 I 4o 22
LR EASE, RGC JZ TN IR 2 I B2 /D', DRIL 212
W R S 2 AR P ) — FloR RLAE W AR R . BRI IR
JRIBR T BE Aol B BFIE R Wk, OCT ey il ) 3 R 484
s AR AT 4 R DRD ' DRIL Ay &GRS B2, He % 8L OCT fir
8.7 1 DI T R /) i SEORS A b 5 SRy ¥ 2 R 1T A 450 4
AHPCHEC

P SR 1) Z2 WS AR A W b 35 ) 3 A0 415 0 I JEE P i
S5t 45 (hyperreflective foci, HF ) BYBE AR E, HF 2/
T30 wm f RUIR SR SR A 5 i 2 2 AE 2 AR A, WA
TFHRCASPIZ LR RPN | 7E OCT— B 348 b Al WL, — Bk
HARE T/ BT ) R4 . OCT S 1900 9 5 T AR
5 IL-6 IL-8 25 R A% PR 7 WR FESE A 5C 0l B Bl % H:
FERU I 3R RAE S T HEAEH' . OCTA AR5k
Py N2 6 A0 1A 45, T RE A 0 I R A 0 1Y e
Jk, 2 BAE DR AT AR I R AE IR 2Z BT (Il PR AT | 3
FE 55 L0 U B 40 i 55 O R R A5 1 — Fh R AR
2.2 IhEEtE  DRN BN I RETER 1 #2582 T 1l
ASFIEIR DR, R0, H AT DR AYi21A R 2R TR IR BT
R IR BT 7 9 LB 28 AR A, VF 22 I PR A 7 v 47
) I — T BB 32 A AR AR T, B b M T R I, T
rhC T RS I S TR AR A AN B 1%, 1 EL, BB e P
FEBEK i ( diabetic macular edema, DME) 7] I35 OCT &
7RIS DRI BIVEESRE A9 400 190 5 PN = A2 v, DRk, L G
I DRN J& B2 (1, 5o 38 B A I 2 SUR DI RE MR SE SR

£ DRD HL301 A SCO IR A7 v 20 A 2y B B ik 19 1 22 30
PETE 1980 ARARBAT FINIIESE . WS 7 , DM T AELERT L
RS A 0 o R R BRI, BB O 4 R B 2 4R
ERG #0212 i R R w . L2 /N
TIRE I AT L2 UL A A 0 M S AR Jmy B8R BEAR Ty R

FI i, 76 DRD WF5E A 1 A A0 A g LA Ah 59058 )
REAN AT BLVEAG . IXORTIR A PRAS 1] 5 6 45 100 5 A At
PG LIy RE 77 T 1 75 GHR A 25 78 st A2 P 40 o g A
FAREMGEAIE . 8t AR X HBURR A T R
e, XA BASEA DRD A9 DM 88 3 10 40 oo J5 o 25
TIREHEATITAL , © & BRARE ORI AT M4 J% A2 2 3 2 it 0
DR R T o 28 SC PR R sl 55 %oF LU B2 R R AR e 32 40, T
B2 AREAL KA T I (R G  IX LE T B T8 bR ik A B &



Int Eye Sci, Vol.26, No.5 May 2026 https.//www.ijo.cn
Tel;029-82245172 85205906 Email :ij0.2000 @ 163.com

TE DRD PG R R H , iE— 25 5 1 s R 2 Ty g ) 3 L
A BUEE U A RS SR AR R
3 FITIEHAR

FE DRD Jpg $HLAE 34 252 1 LSS 7 11 T R R AW 5T,
TS AR S E 2R 0 I I K - | A Ak I R
LRI RE Z [ 1Y 56 21, X T & S A A% B 97 I A 36 1 Xt
DRN {1 2 P fl b B o g™ |

H R, B X6F I A R 30 B4 2 E AR 28 A8 P (B T 7 vk K 22
LR RIS b BN, 3R 3T 24 370 R b B o i 3= 2%
A ERE A Z SR T B Z R PO P TINF - o
TL- 640l 0] IR A A0 700 45 1) b A P L ) A
2B _FRR R BRI e 4T R AT A K LR AR B IR A
FEF TR PE R R BRI B AT RS

YT AGEs W55 NVU i 075, i HPUM 3k 259 B A
ML ITRTEAE R . B BT AGEs 259 i HA5 £ Ff
YEHT, AL 45 40 6 AGEs JE WL, 32 8K 43 % 4 . Bt %64k | BHL I8t
AGEs Z Mk 2648 U ORI B & W4, 8 AT
AT & BAR A BT AGEs 259, (HE A JLRL 2R 2 K
SRZG I PR 25 B B A, G AGE 490 1 371 2 2 X it %
JHe PRGN 2255 SE R4 7] ALT-711  TRC4186 Fi12%
WE, CHMZ YA AT 2 ZH XUIRW B A
AGE il i 2 /E . BAR RARAL G W 1 A= 0 AR
FAb 225 (0 BAy 2 2 M 19 0 o5, v Be X B AR 3
AR

S, FE DRD Biia i gE b, KRR/ 4 M ¥ B AR
MR SRR A 22 o RRVE SR T U A
SEE TN, AR O A bR AR R YT A
Do) 55 4ot 25 20 B P 46 52 RN R TR T AR BhHOR R JE RYF
B T A AT A R TR T
4 FEERE

IT 20 a 2, WAL IIEE NVU 32 {400 & 5 40 A AU iR
95 | L P A DO B AR, A DA A S 3 B T Bl 6 728 g L
DO KRETHEMIERE . DR T E L DRD, HE & X
—WLEFE AR = AR B, Tk 1T MR
B HAR R A FN T2, DRN 4 DRD % 25 2 40 )i 3
oy, B EZEMHEIS ML L, B F DRD FH 2 —Fp
“TCHER” BT, DRN 1 & A5 DI PR ETHA T4y, — B AL 22 5]
W, DRD 119 43 28 1A 22 10 450 15 A8 R dft 28 728 £k 1 40 5
DRE I 35 05 PR AT I LA B R e a0 R e A
FLA2IE DL S 2200 Il % DRD 2R M E X HE X
LKL T W T REBT AT 52 7 18], FF RGBT i, SERE AN T Ak Y
BB it , S 0 K DM BB i A

P55 SR B AR SO AR 2 58

SE

[1] Levine SR, Sapieha P, Dutta S, et al. It is time for a moonshot to
find “Cures” for diabetic retinal disease. Prog Retin Eye Res, 2022,
90.101051.

[2] Adams AJ, Bearse MAJ. Retinal neuropathy precedes vasculopathy
in diabetes; a function — based opportunity for early treatment
intervention? Clin Exp Optom, 2012,95(3) :256-265.

[3] Sohn EH, van Dijk HW, Jiao CH, et al. Retinal neurodegeneration
may precede microvascular changes characteristic of diabetic retinopathy
in diabetes mellitus. Proc Natl Acad Sci USA, 2016, 113 (19).
E2655-E2664.

(4] EEREAR. BRI 1L 1) A5G « i DROos 10 190 Ao 4 7 7 5 S AR
hARIR R 2%, 2026, 42(1) :3-7.

[5] Abramoff MD, Fort PE, Han IC, et al. Approach for a clinically
useful comprehensive classification of vascular and neural aspects of
diabetic retinal disease. Invest Ophthalmol Vis Seci, 2018, 59 (1)
519-527.

[6] Bianco L, Arrigo A, Aragona E, et al. Neuroinflammation and
neurodegeneration in diabetic retinopathy. Front Aging Neurosci, 2022,
14.937999.

[7] BEAEAE. M2 00 A5 070 5 85 PR 0 I s A8 . [ Br AR Bl 2
2023,23(3) :353-355.

[8] Torm MEW, Dorweiler TF, Fickweiler W, et al. Frontiers in
diabetic retinal disease. J Diabetes Complications, 2023,37(2) :108386.
[9] Simé R, Stitt AW, Gardner TW. Neurodegeneration in diabetic
retinopathy; does it really matter? Diabetologia, 2018, 61 (9 ).
1902-1912.

[10] Corano Scheri K, Hsiech YW, Tedeschi T, et al. Miiller cell
glutamine metabolism links photoreceptor and endothelial injury in
diabetic retinopathy. Life Sci Alliance, 2026,9(2) :e202503434.

[11] Sivaprasad S, Wong TY, Gardner TW, et al. Diabetic retinal
disease. Nat Rev Dis Primers, 2025,11.62.

[12] Aschauer J, Pollreisz A, Karst S, et al. Longitudinal analysis of
microvascularperfusion and neurodegenerative changes in early type 2
diabetic retinal disease. Br J Ophthalmol, 2022,106(4) ;528-533.

[13] Gardner TW, Bek T. Dissecting the neurovascular unit in human
diabetic retinal disease. Diabetes, 2024,73(11) ;1791-1792.

[ 14] Rajagopal R, Kern T. Clinical evidence of a photoreceptor origin in
diabetic retinal disease. Ophthalmol Sci, 2025,5(1) ;100591.

[15] Oshitari T. Advanced glycation end — products and diabetic
neuropathy of the retina. Int J] Mol Sci, 2023,24(3) :2927.

[16] Polat E, Celik E, Togac M, et al. Retinal neurodegeneration in
metabolic syndrome: a spectral optical coherence tomography study. Int J
Ophthalmol, 2023,16(2) :224-232.

[17] Wall K, Arend LP, von der Emde L, et al. Increased axial
resolution OCT improves structure — function correlation of the
disorganization of the retinal inner layers in diabetic retinal disease. Sci
Rep, 2026,16( 1) .889.

[ 18] Vujosevic S, Cunha—Vaz J, Figueira J, et al. Standardization of
optical coherence tomography angiography imaging biomarkers in diabetic
retinal disease. Ophthalmic Res, 2021,64(6) .871-887.

[19] Rai BB, Maddess T, Nolan CJ. Functional diabetic retinopathy: a
new concept to improve management of diabetic retinal diseases. Surv
Ophthalmol , 2025,70(2) :232-240.

[20] Hartnett ME, Fickweiler W, Adamis AP, et al. Rationale of basic
and cellular mechanisms considered in updating the staging system for
diabetic retinal disease. Ophthalmol Sci, 2024 ,4(5) :100521.

[21] Simé R, Hernandez C. New insights into treating early and
advanced stage diabetic retinopathy. Int J Mol Sci, 2022,23(15) .8513.
[22] Bloomquist RF, Bloomquist DT, Gardner TW. Current treatment
options for diabetic retinal disease. Diabetes Technol Ther, 2025,27(4) .
248-260.

[23] Lechner J, Medina RJ, Lois N, et al. Advances in cell therapies
using stem cells/progenitors as a novel approach for neurovascular repair
of the diabetic retina. Stem Cell Res Ther, 2022,13(1) :388.

[24] Ciorba AL, Saber S, Abdelhamid AM, et al. Diabetic retinopathy
in focus; Update on treatment advances, pharmaceutical approaches, and
new technologies. Eur J Pharm Sci, 2025,214.107307.

[25] Sun JK, Aiello LP, Abramoff MD, et al. Updating the staging
system for diabetic retinal disease. Ophthalmology, 2021, 128 (4):
490-493.

731



