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[ Abstract] Objective Based on fundus color photography and optical coherence
tomography angiography (OCTA) images, an artificial intelligence (AI) model was constructed
to assess multiple tasks such as the grading of diabetes retinopathy (DR). Methods The study
population comprised diabetic patients who received treatment at the Qixia Branch of Jiangsu

Province Hospital, Jiangsu Province Hospital, or Yangzhou University Affiliated Hospital between
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January 2020 and December 2023. Fundus color photographs and OCTA images were collected from these
patients and subjected to standardized pre-processing. Based on fundus color photography and OCTA
features, a predictive model was constructed using a multimodal convolutional neural network. Three task
branches were established: DR grading, prediction of proliferative diabetic retinopathy (PDR) progression,
and assessment of systemic complication risk. Model performance was evaluated using receiver operating
characteristic curves and their area under the curve (AUC), Fleiss' Kappa coefficient, sensitivity, specificity,
and F1 score. Results A total of 482 diabetic patients were included, 340 with DR. The validation set and
training set exhibited consistent trends in loss curves and classification accuracy curves with minimal
divergence, indicating that the predictive model did not overfit. The training set achieved a DR five-level
classification accuracy of 94.2%. Within the test set, the model achieved an AUC value exceeding 0.90 for
all five DR severity classifications, demonstrating high concordance with ophthalmologist assessments
(Fleiss' Kappa=0.78, P<0.001). The AUC for predicting progression from moderate non-PDR to PDR was
0.896; the AUCs for predicting future diabetic nephropathy, cardiovascular events, and neuropathy were
0.854, 0.839, and 0.812 respectively. Conclusion The AI-based multimodal retinal image analysis system
can achieve accurate grading, future progression risk prediction of DR, and assessment of systemic diabetic
complications based on retinal imaging. It holds potential for clinical implementation and primary-level
screening applications.

[Keywords ] Artificial intelligence; Diabetic retinopathy; Optical coherence tomography angiography;
Deep learning; Predictive model

B PR e — b A BRA T B 12 R A B s

i FEL BBl PR JC R 000, 2040 iﬁéﬁkﬁ*bﬁﬁﬁ Jis ABIF S T HRJEE R B8 -5 6~ A I 2= 314 1L
HHE 6.4/ N, BRI 5 R AL O i (optical coherence tomography angiography,

IR, #ABEZ RGP RAE, HP BRI HH;% OCTA) , FgEE—Fh4E DR G, HHEBNS R4
Ji§ 4% ( diabetic retinopathy, DR ) J& fiz & UL #% ik PR PEAL T—IR I 24145 Al 240, 7235 DR
LA I RAE,  Hops PRAR £k A 45 B 40 M5 5 8l ik T A RCR A R, PR AR A T R B
JEIE R, IS B T . 0 RS I AR A il A 3 O AR ST AE AT AT
AL, JUEFEBEMIIGE, WEHRE T L s .
BRI R O DR R, | Rt TIA
WOLIRYY . PUAE N A K E RIS T 1.1 HARIFHR
BB, B DR RTCHI ek, BF2IT 40 A 2020 4F 1 7 % 2023 4F 12 7 8] T 1T
WM R 2%, WS E T WAL Y, 4458 DR A NREBE B TLE NREE Bk M
i A M B AR 2 0 %o B PSR R N TR0 332 j(%&ﬁ)%'@Eﬁﬁﬁ&dﬁlﬁﬂ‘]%ﬁﬁi%%ﬂﬁﬁ%ﬁ
AU TAER R, 0w, w2, HIER %, MBS TR IRIR TR, I AARE: OFF
JEBEY 7ML M LA S B g 7 2 R MR R P O 4 WHO Hi G2 ibn i ; @it = 1 4EIF 452
ARk, RS 2% N T8 g (artificial AR JFE R B M OCTA 4, OB &5l IR 5B X
intelligence, Al) % RIEE2=AZ 0 M LS T 2/ 124 ABEVTE . HEBRbRE:. OF I HAl
WE IR, & B AL M4 (convolutional neural JEEIRBRENE Qi AR AR S BB AR L ™
network, CNN) E#¢) 72 HFIRBHAG 2. K HEEAIE ) 5 QB SeEIE R A nk B 55 8
RIS H 3 gt 55, DR EBIHER R C AR E AR NRERE . M K7 E B
PR NFEL FAKE T, 'ﬂmﬂﬁxﬁfiﬂﬁ%ﬁﬁiﬁﬁjﬁ Bt =2 AR B2 Dy s it ifE (it . 2025-QX-022,
ﬁﬁﬁ“ TREAE M ITAG 2 B Ui RS “Ea” 2025-YY-024) , HRJEA B K OCTA 44 i A B
1 A5 R AB AL OB PR s 2R S iﬂ?iﬁfaﬁij} HAWCRE, BHEMEREIFEE SR E .

yxxz.whuznhmedj.com



284 EZFFH 2026 £ 3 AL 36 &% 3 ] New Medicine, Mar. 2026, Vol.36, No.3

1.2 #REE

AN RGAE LRI DR B — ik
TeRk, AR AR BHRITEEE (BMI) |
WP R B IZT A T (HbA e ) |« 25 IMpE |
DR 7455 .

KA BB OUHR BRI % B I OCTA B, f#
H Topcon TRC-NW400 AHALFAFAR ISR, AEHR
2 /01 5k DL BE R o 9 JE AR S . OCTA
1% % FH Zeiss Cirrus 6000 245 R4E, F 3 mm x
3 mm M 6 mm x 6 mm FHFIALET, BEHR A RAE 15K,
PRI 7 T A PR o T R B B IR 5, R T A B
ARG OXF LR R CLAHE 5"
BRIETR I AT LU QMR . 255 T E gD
SR g LB @MATHEE: FET Frang
DR AR AN AT 254 s @RTRIEAL . TTHEIE(E
AW L S A5 AR IR 2, 4T DA 24 IR B4
LRNTH, HIREMESRN S EE.

RO RAE R HE . BRI ERS . O
4 (AL AUEESE . A ) | ANER SR AR R 2
WA [ B 2 AR I RS e, FR P4 L)
(2 A HR 5 B 7 30 T 1 B0 A 1 PR A A A 45
(PR A&/ UEF LRt = . R sl ks
SCIATESS R . Mt R w5 ) Morsih, IRk
W2 HE SN FE R AR R, ABIFGT A b 2 L
RHEREA LR — R G R . KU5s 2wt
SEMUE HI (2024 4812 A 31 H) o SFTFAERSE
BUERT AR LA Bin 0 sCR Ui B, B
HAESTITRESE T A T4 I R Ab 3L
1.3 TillEEIE

(1) FA. KT R 5 OCTA K
%, WA R AWNRESJHESR (BT PyTorch
1.10.0) .

(2) ¥R USR5 . R HTE ImageNet %X
Pt I H ResNetS0 U H IR i 7% IR 1 &%
FPERAAE (A LS . B MR eSS
A ), SRAHMYIZRAY EfficientNet—B4 A5 £ 4
I OCTA EUR DI REMERFIE (NI 4s 2 B . HETE
W EBEX M X AL METES4SHE ).
PRI AS B A A 2V T AL i A A e i 7 3
G, BRI ZHERAREIERR

(3) Hith 3. 533¢—: DR 3%, RH4
HEREZES A Softmax BTG BREL, Hih 5 2R,
¥ DR 4 R HAGON . B55ME DR (PDR) | EBE

IE PDR. AR PDR. B2JETE PDR FIFE DR (G
PR AR ) o 4y = dFJRmi, R4k
JZ 454 Sigmoid JTT K&, iy th oy, AT
% X BT EEAE PDR B I0RA%, T e
Ja%E 12 4> A MU A= 2L O PDR. %P B
2 [ S SH I R S BEY , FUn EJRE I
B AREA BT K 1, s = RIEEEZ
Ji # Sigmoid FUE KA, W RERRITRAE (B IRIE
B O MR SNE R ZAE ) i —
S AR (R T AN RAE) o %S X
BETRGEAR, WO R E A IS S BT N = R
RAEE M R G I KAE o TR AE AR AL 79 52
rh, AL [R] AR S DG B I R B A8 A Sy
FEfmA, IR . BRI TR . HbAle, BMI
PLK DR 7328 bn%s, LIARTHITERE

(4) BAEER] 0 S HAERNE . #48 DR 704K,
711 2 LR B BEAL T IR | i dE
A . AR, FEUIZRAE R 5 35
A TR e 5 B S B IL. SiEsE
T IR # b py A S HOR L. KA
Z5EMIINGSIH R, SUH TR PEReEA

(5) YIZRAn=y, Y2 72 06 HhnAL A2 S
PR R CGE T BB =4 284E55 ) . Adam
AL W Ih 22 S R 1 x 107, dtba ko 32, Y4
S 100 Fe o R4S LA NI TIE A A5
FAGNE R IEFEAR AR, IS 10 Fe iR f R ok
IR RE (CTotkReseTt ) , WISTERZ Ryl 2R /2
1.4 HREIERETHE

T YERE TR AR AR RS . X T A
1E55 533, RV TFEAE 70 O DR 7349 i
R BB 7R E TAESFE (receiver operating
characteristic, ROC ) ik N H A4 N FH (area
under curve, AUC) . REUE | FEFE | F1 4545
Wil 3 44 @ AL L IRBRIREL G007 i) i
R BEHLINERCY 150 sk ERPEATH ik DR 70 4%,
fifi J] Fleiss' Kappa WA 5 4 58 4 Hi52 45 SR A
f—2tk. @ DR RPN . B R AUC,
WA, REUE . R, QRGUMEIFLAE RS
T RS O =R CRAERARE ),
RSB AUC, REUE . FERE
1.5 ZitZESH

R SPSS 22.0 #RAFHEATGE T2 00 M. AL
PRGN E 43 e (n, %) s, 4R HECR

yxxz.whuznhmedj.com



EZFFHE 2026 £ 3 AL 36 55 3 B New Medicine, Mar. 2026, Vol.36, No.3 285

F ¢ K5 s B T PR A BRI bR o 2
(x+s ) FRon, A0 BRI FEAS ¢ K
R BTG RVER, TINOOEoRI 5
BLECM (Pys, Prs) 13, 4L0H] H 44T Mann-
Whitney U K555, P < 0.05 NZERAGI L.

2 #R

21 —EER

A 482 filkE R B (I ZRAE 338 fi]
IGEAE 48 ). MR 4E 96 1] ) , KRG KIEH
BH 2510, A RGIFRAEHEH 231 6], 4
BE AR . BMI, 2. HbAle, ILAE. DR 4
REHHEFEAGIHFEL(P<0.05), k1,
22 HEMESIIZGER

T INGELIE T AT SR T %k VIl

YR 5 B UE IR Y RE I ZRge e s T B T AR
A, RS EUEER R LT, IurEiZ s
YIhAE Mk s fp ka3 —B H 2R AUN, KPR
KBTI . S0 UF AR R B A A ML R 5
515, %A IR B AR O B8 T IR 22
BB, WA 1 BERZEYI R LR B
R4 68, DR LR ZAER Ik 94.2%,
R G AR IS UE AR [ A PPAR B T IR
2.3 DRBzhS i EaELeiE

P N 2 52 i 8 i A 0 R0 7 il 7 0 A 1
IPEREPEAL . andk 2 FirR, BLALX DR 42
K, A0 AUC HI7E 0.90 L L,
Horpxt PDR (0937 51 68 1 fc i (AUC=0.941) .
BT AE 2 o B B PR T e s 1
(86.4%~91.7% ) 5 F¢5 ¥ (85.1%~88.9% ) ,

R BE—MEREER (n, %)
Table 1. Comparison of general information of patients (n, %)
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Figure 1. The loss curve and classification accuracy curve of the training and validation sets
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Figure 2. ROC curve of prediction model predicting PDR
progression
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Table 3. Performance comparison of systemic complication risk prediction model in the test set
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