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& T OCTA Ui 2 H RE = 53 1 B #E bk 9 4L ) fR
R 35 S HAXLBE 43 R A B A 2 A i PR B2 IAE

FRERE, BB
(BB EHAKXFE—WEER BA, Z43E3% 233000)

[BE] BrY  F AT WE 818 AUZ ( optical coherence tomography angiography , OCTA ) {55 Ifll i £ 57 bl I o A0
I B35 4% (diabetic retinopathy , DR) B FCAEIR H B 14 2 AR AL , #4322 2 500C 6 11 DR 3 XU 23 23 A5 28 - 903 L I PR A%
fE. ik IIBPEGIA 2023 4F 1 A 282025 4F 12 7 F IR ERFR 58— E B BEsti2 4 2 BO5% PR EE 80 19 (80 IR ) , AR 415 i
1 DR A& RT3 43 A AR XU 4 (n=32) . XU 4 (n=28) Fl i AU 20 (n=20) o T A Z i3 #4917 OCTA IR 4E OCTA 24K,
A F5 7R )Z B AN M (superficial capillary plexus, SCP) 52 B AN L A (deep capillary plexus, DCP) [ 113 % J (vessel density,
VD) G (perfusion density, PD) H.L> UG i1 % X1 A (foveal avascular zone area, FAZ-A) JE4& (FAZ-P) J& FD-300 X E4f
I AS 28 B o [R) A SR 4R 25 IS LA (fasting blood glucose, FBG) AL Il 2125 11 (glycosylated hemoglobin, HbA 1c) i JR 5 T2 45 I IR
fekr. &R BEXKZH T, SCP-VD . DCP-VD .FD-300(SCP) .6 mmx6 mm 4z VD 2 Birdh s T B, FAZ-A FAZ-P A=t
¥R (H P<0.05) ;1 3 mmx3 mm PD {E4 8] 2% 5 K535 B F 1 (P=0.062) . St/ INa WP W 4 5 3568655 7 (least absolute shrinkage
and selection operator, LASSO) [A] 5 M\ 16 TH fiz 156 2 5 Hh i 1 H3 SCP-VD . DCP-VD .6 mmx6 mm #NZ VD \FAZ—-P J ¥ bR g 72 41
53 ph ST AR AN A BB YNGR 2R R 10 AR (area under the curve , AUC) 4 0.842(95%C1:0.761 ~ 0.923) , BaiilF 8 AUC
0.817(95%C1:0.728 ~ 0.906 ) ; £ i 11 £& Bootstrap £ 1E J7 Brier 17:43 4 0.138 ; 3K 11 42 43 H7 (decision curve analysis, DCA) IR , 7E
5 {E A2 0.20 ~ 0.70 W Bl SR AR 25 A0 T A8 T 1007 8l 3 AN T KM . 8518 OCTA Ui i 2450 AT gk 52 ik DR U39
HAEAE , 5T OCTA SEUR A FE IR R LY Logistic KUK 43 2RI DR R I XU HAT 540 1 T (8, T Ry 11 R
HlTT A A A Bt 7 ) B B Jre LB T T (AR 4 .
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Construction and clinical validation of early risk stratification model for diabetic
retinopathy based on quantitative analysis of OCTA microflow parameters

JIANG Shengqun, HU Junyan
(Department of Ophthalmology, The First Affiliated Hospital of Bengbu Medical University, Bengbu 233000, Anhui, China)

[ Abstract ] Objective To investigate the quantitative changes of microflow parameters of optical coherence tomography
angiography (OCTA) in the early asymptomatic stage of diabetic retinopathy (DR), and to construct a multi-parameter combination of DR
early risk stratification model and verify its clinical efficacy. Methods A total of 80 patients (80 eyes) with type 2 diabetes who
presented at the First Affiliated Hospital of Bengbu Medical University from January 2023 to December 2025, were retrospectively
included. They were divided into low-risk group (n=32), medium-risk group (n=28) and high-risk group (n=20) according to the risk
factors of early DR. All subjects underwent OCTA scanning, and OCTA parameters were collected, including the vessel density (VD) and
perfusion density (PD) of the superficial capillary plexus (SCP) and deep capillary plexus (DCP), the area of the foveal avascular zone
(FAZ-A), the perimeter of the foveal avascular zone (FAZ-P), and the capillary density in the FD-300 area. At the same time, clinical
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indicators such as fasting blood glucose (FBG), glycosylated hemoglobin (HbAlc) and diabetes course of the subjects were collected.
Results As the risk level increased, SCP-VD, DCP-VD, FD-300 (SCP), and 6 mmX6 mm outer-layer VD showed a stepwise decrease,
while FAZ-A and FAZ-P showed a stepwise increase (all P<<0.05); however, there was no significant difference in 3 mmx3 mm PD
between groups (P=0.062). Through the least absolute shrinkage and selection operator (LASSO) regression, five independent variables,
namely SCP-VD, DCP-VD, 6 mmx6 mm outer-layer VD, FAZ-P, and the diabetes course, were selected from 14 candidate parameters
and incorporated into the final model. The training set model AUC was 0.842 (95%CI: 0.761-0.923), the validation set AUC was 0.817
(95%CT. 0.728-0.906), the calibration curve Bootstrap corrected Brier score was 0.138, and the decision curve analysis (DCA) showed
that the net benefit of the model was better than the “all intervention” or “all no intervention” strategy in the threshold probability range of
0.20-0.70. Conclusion

Logistic risk stratification model based on microflow parameters of OCTA combined with the course of diabetes has good early warning

The microflow parameters of OCTA can sensitively reflect the early microcirculation damage of DR. The

value for the risk of early progression of DR, and can provide quantitative basis for the formulation of clinical individualized follow-up
interval and early intervention.

[ Key words ] Optical coherence tomography angiography; Diabetic retinopathy; Microflow parameters; Risk stratification

R PR 95 A0 ) 55 22 (diabetic retinopathy, DR)HY
o TRAZ L g A JBE Gl a4 45 0 1 K ) BT A R
fed o AL G T A M IR VSR IR R € 5 3R RIS L 7 i
% (fundus fluorescein angiography, FFA ) £7 75 8 8% &
AN RNR R 6 AR T W 4 A R
(optical coherence tomography angiography, OCTA) A
P/ cl] BN o = AN R 907N P S 21 N INE QN
(superficial/deep capillary plexus, SCP/DCP) U
SR BT = 2 2805 Y RS
BETEWTFEIESE OCTA Z407E AR 14 58 MW R 4 1o Ji
995 7% (non—proliferative diabetic retinopathy , NPDR )12
W B B AL MG LS X (foveal avascular zone , FAZ)
T2 2 ) B XAl O PR AT K DR
SE TSR b B N A, T A RO A A
T Wr 2 8L 15 (wide—field swept—source
optical coherence tomography angiography, WF SS-
OCTA) Fl X T- % fig (artificial intelligence , A1) 5 B iR
TR ARE " H R — S HORE A R, R =
Z SRS E Y AT i B OCTA il
S, 858 /N I S R T (least
absolute shrinkage and selection operator, LASSO ) 4k
55 Logistic [ H DR LI XUK: 73 2RI 5¢ iU A
FREETIE , Dy DR B4 Bl R T H
1 #REFE
L1 — s

(] JBAL 'k 26 B 2023 4F- 1 H 22 2025 4F 12 F B3 IR
PR 75— B I 2 B IR AT 192 T N i BHER 5 B
{14 2 AU P 83 80 151 (8O MR, A5 U 1E AL 7 A8t
—HR) o WARRIE: O £55 b [ 2 BB R B i 4
19 (2020 b)) B i 12 Wb o [ S R0 Bt i AR+

AT 7 s A LA >11.1 mmol/L 5% %5 J& Il ¥ (fasting
blood glucose , FBG ) >7.0 mmol/L 5% [ % 8 %5 b i £
i I8 (oral glucose tolerance test, OGTT) 2 h Ifii ¥ >
11.1 mmol/L) ] ;@ 4Fi#4 35 ~ 75 % ;B I AL LWL S
(best—corrected visual acuity, BCVA)>0.3(LogMAR) ;
@ OCTA & & 1% = % J& >7/10; & J& DR (non—
diabetic retinopathy, NDR) , #% & 5% 1 &£ NPDR ( TGl
IR SCREBEAR M) o HERRARE : O BRAE 352 1 BRI
OGP I N R A2 K B (vascular endothelial
growth factor, VEGF) B HH ¢ 57 32 36 38 1K i 132 55
Q) G I AL 0 JEE 1 5 B L DGR | v BE A
(>-6.0 D) ;@ LRI BT k50 OCTA W% s @ 4
R WE PRI ER 1 BUBE IR . 2 BRI o b o L D)
708 S XSS 4 SR A DG PR M PR i R > 10 4 A
A 1ML 21 35 F (glycosylated hemoglobin, HbA1c¢)>7.5% .
B IEWE DRI B 5 2 DR e S fa e R . BT
B3R = A PR FR S T3 g3 JA AR A (L £ R A
RWAE 150, B R0 ~350) , 4r AT RS 4
(0~ 143 ,n=32) . H XK 4L (253, n=28) Fll & KU
(=3 7> 3 C B i2 B NPDR #1384 — It
n=20),
1.2 FHik
1.2.1  OCTA KGRI 57347

K H RTVue-XR Avanti 7 3 mmX3 mm A 6 mmx
6 mm BLLEX Al . KR EHSE IR, th 2 2 IRF
BRI VEHEE, B BR AN S R . FAZ 5 B ) 1 5
BRI T AR . — B R 5 - 2H N AN A OC R AR
(intra—class correlation coefficient, ICC) 43 %] 47 0.912
F10.894; 41 [0] ICC A 0.873, S KU AL4E .« Il 45 2% 1
(vessel density, VD) | £ 1 % J& (perfusion density,
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PD) . FAZ 1 1 (FAZ-A, mm’) | FAZ J&] K (FAZ-P,
mm) \FD-300(%) }2 6 mmx6 mm 412 VD, JFEIAEHE
£ Avanti Revue T 115 IR 4.3.1 K%
122 IGRBURER

WO A A P O R e R I T (systolic
blood pressure, SBP) . £F 5K & (diastolic blood pressure,
DBP) .FBG .HbAlc EJH[EEE (total cholesterol, TC) %
2 & i 5 I (low—density lipoprotein—cholesterol , LDL—
C) . JR ¥ & A & A/UEF A (urinary microalbumin/
creatinine ratio, UACR) J& 75 & Jf /&1 L& B 0% PR B
J (diabetic kidney disease, DKD ) %5l PR 7KL
1.3 FitEFHE

KR 4.3.1.SPSS 26.0 B Hr it . 454 1F
B AT BORE DL  B bR v 22 (s ) R, Z4H
AR B R 2 7 225908 (ANOV A ) & Bonferroni 1
o BRI LUB (9% ) 2, 21 18] LL 3T P A

P<0.05 25 A GRS LA P<0.10 i 16
{H"7  LASSO [F1A 454 10 9758 B ERA 2 N A, %
W) A2 i AT AT 2 , 1 2 TR Logistic [719 73
s R 37 4 & T AE $F AE (veceiver operating
characteristic, ROC) ] 28 PPk A5 A4 X 4324 fHE DeLong
o5 % LU R RLE 22 53 5 Bootstrap B 2 fili AR 1% E 47
PR R B0 TIE , A 2 DT 4SS 8 T {5 5 B L 1 )
B YLk 2k 437 (decision curve analysis, DCA) 1
AT RY I RV AR 25 o 5 1t 2 T T FH (area under
the curve, AUC) | 95% & {5 X 7] (95% confidence
interval ,95%CI) #1 HAH F (odds ratio, OR) .
2 #R
2.1 ZHBELFEMIER

=YL RS R B  HbAle 5 JF DKD H i |
FBG .SBP .DBP.TC .LDL-C Jy il 4% , 25 545 e i
B (B P<0.05); Hpfatr e giit 27 (K1),

R ZHEZABEER

LD RRBELE (n=32) R (n=28) XA (n=20) Fix? P
W (vxs, %) 54.2+8.7 56.8+9.1 58.4+7.9 1.419 0.057
B () 15/17 13/15 9/11 0.081 0.962
BEIRIGIRFE (vs, 4F) 5.8+3.2 8.6+4.14 12.3£3.94* 18.757 <0.001
HbAlc (xs, %) 6.8+0.7 7.6£0.9* 8.4x+1.14* 21.342 <0.001
4IEDKD [ (%) ] 2 (6.3) 6 (21.4) 10 (50.0) ** 13.270 <0.001
FBG (xs, mmol/L) 7.1+1.2 8.3+1.6% 9.2+1.84* 12.081 <0.001
HIEmE (# (%) ] 4 (12.5) 9 (32.1) 13 (65.0) 15.466 0.266
SBP 132.4212.1 138.7+13.4* 145.2+14.04* 6.023 0.004
DBP 80.127.5 83.6+8.24 87.4+8.94* 5.053 0.009
TC 4.82+0.91 5.21+1.024 5.67+1.134* 4.424 0.015
LDL-C 2.74+0.62 3.05+0.71* 3.48+0.79%* 6.953 0.002
UACR 35.61+2.16 36.55+1.88 37.37+1.06 8.776 0.525

. HbAlc: WHEIMZTEM ;s DKD: MRS HG; FBG: =5EIMME; SBP. UHi/%; DBP: &F5K/E; TC. SJHMEEE; LDL-C. RHENREN;
UACR: JRGUEFAE AN, SRS e, *P<0.05; S XS4 i, *P<0.05,

2.2 ZHOCTAMIMBES L
Rt KL 2 % 5, SCP-VD . DCP-VD ., FD-300
(SCP) .6 mmx6 mm #MNZ VD 2 [ ki = N, FAZ-A .

FAZ-P 2B K (3 P<0.05) (F2) ;1 3 mmX
3 mm PD7E41[0]) £ 7 K5 i #1E (P=0.062) .

F*2 Z=ZHOCTAMIMFES B4 (vas)

S AL (n=32) XL (n=28) P AL (n=20) F P
SCP-VD (423 mm) (%) 18.26+2.41 15.73+2.18* 12.74£2.134* 28.409 <0.001
DCP-VD (&3 mm) (%) 21.8422.97 18.92+2.644 15.38+2.514* 24.868 <0.001
FAZ-A (mm?) 0.28+0.06 0.34+0.07* 0.41+0.09** 16.527 <0.001
FAZ-P (mm) 2.08+0.24 2.37+0.28* 2.71+0.314* 19.716 <0.001
FD-300 (SCP) (%) 22.15+3.04 19.82+2.91* 16.47+2.764* 17.941 <0.001
6 mmx6 mm/NZ VD (%) 26.73+3.21 23.15+2.88% 19.42+2.65%* 22.682 <0.001

W OCTA: H2FAHTWRHEH M A Mg ; SCP-VD: RZEAIMENME%E; DCP-VD: WWZEBANME MR ; FAZ-A: Fob MG
BIXHR; FAZ-P: HOMICIAE X E K, SEARHILE, 4P<0.01; SRUGLH LE, *P<0.001,
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2.3 % [AZ Logistic B39 #7

B 2P E P<0.10 19 16 A E 90 A
LASSO, 454 103738 LI UERf %E e flt A =0.078 , | &
P8R S TR R B & . SCP-VD . DCP-VD .6 mmx6
mm A2 VD FAZ-P BEIREHE . DL e U

FHAS R, R ST LASSO ff B A AU AL N &
Logistic [f1JH . 453 78 ,SCP-VD .DCP-VD .6 mmX
6 mm #}JZ VD ¥4k DR i XU (09 O 47 R &= (17 OR
<1,¥]P<0.05) ; FAZ-P IR 9 9 F£ 3 Sk DR =5 L
W B ke I 2% (29 OR>1,1) P<0.05) .

£3 LEZE Logistic @A HT

AR i B SE Wald x* OR (95%CI) P
SCP-VD -0.483 0.149 10.51 0.62 (0.46 ~0.83) <0.001
DCP-VD -0.312 0.136 5.26 0.73 (0.56 ~0.95) 0.022

6 mmx6 mm#pZ VD -0.391 0.142 7.58 0.68 (0.51 ~0.89) 0.006
FAZ-P 1.027 0.384 7.15 2.79 (1.31~5.94) 0.007
Wi PRI Fe 0.165 0.048 11.82 1.18 (1.07 ~1.31) <0.001

H: OR: WAHLL; 95%CI: 95% EAF X [H]; SCP-VD: {RJZTBAME MG % E; DCP-VD: HZTHMIME MM ; VD: ME%E,;

FAZ-P: HuOMICIMAE X E K .

2.4 1RBIZIEELSIE

ROC #f £k & 7 , Il 25 48 AUC=0.842 (95%ClI:
0.761 ~0.923) , %5 iiE £ (Bootstrap 1 000 X ) AUC=
0.817(95%CI:0.728 ~0.906) (& 1), ATl OCTA f3
378 23 B8 1 2 AN, ASBF A T 34X AR
AU B A ([l RTE AR R 2 + HbA e+ FBG+
DKD) #5275 B({Z OCTA M2 : SCP-VD) FiAl C(£
Z $ B 4 . SCP-VD+DCP-VD+6 mm 4k )2 VD+
FAZ-P4+ MR FE) o DeLong K46 7 , #5181 C 1Y
AUC B35 THI A(P=0.008) FIf I B(P=0.021).
o A AR T HE 23R 0.42 % 1 IR Ty 81.0% R 5
76.5%. BHEMZE Bootstrap 1% 1F 5 Brier #1753 0.138 (4]
2a). DCA 7K 0.20 ~ 0.70 [ {F i Bl B 7R i 3 25 A
SER T T AN T 1 e ms (1€ 2b)

107

~08f "

Eul

Z0.6r

s e

~ 04t J @ SR, BfE=0.42

i L ——JI4EEAUC=0.842

2 ool (95%CI: 0.761~0.923)

&0 T e IFAEAUC=0.817

(95%CI: 0.728~0.906 )

0 0.2 0.4 0.6 0.3 1.0

1R (BB )
B 1 %% 5 Bootstrap I IE &£ AY ROC # £
H: ROC: ZIRXHEMERHAE; AUC: 4k T,

3 itie
DR A g 18 8 A 5 6 40 0 I 6 2
B0 0 145 ARG #6430 KO £ 09 DR 5 1248

Observed Frequency

0 0.2 04 0.6 0.8 1.0
Predicted Probability
(a) HEHIZE

— Model

——-Treat none
Clinically useful range ( 0.2-0.7 )

Net Benefit

. L . VN[
0 0.2 0.4 0.6 0.8 1.0
Threshold Probability
(b) DCAHZL

&2 Bootstrap B IE FHIR A #Zk 5 DCA fh%k
[E: DCA: HRIEMZSIHT.

P, A2 PR A o o ST s IR B B 2 o 90 3 0 i
B . OCTA I LA = A5 HPE OCT Hh 435y,
SEPL T SCP DCP J7 2 J5i 1R 6 4 i 45 1) o Bl 43 )2
BUG, HAR S E S H O 2 WSS, 7] R TR
JRE B T AR A BOPE B Bk R 5 FFA A L
OCTA 7£ LA PE K 4 2 B g )1 LR #5C 78 PDR
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X BB 58 P 56 UE”, B N £ > NPDR BA 51 IR 3 #F
OCTA & 1t 2 50 AT Aot 2 R 3 BeF DX Gl I A5 326 D s
P ARBESE OCTA S 808 2 1) KU 43 2SR
U5 B AE“ 2 W NPDR 5 6 7 /9 — oo 3], 5 WF
SS-OCTA F-HH DR Ui 45 Al A9 7 vk 2 — 307
AW S KRB . D SCP-VD 5 DCP-VD 7&
AN [R) RS 2L 1) 522 B e R B, HL DCP 32 SR8 B AH X B
T, 150 PR R U 2 T AN 1M A ) 4 X fpl AR T
U S e B R BEEEHLE AT, @ 6 mmx
6 mm ZM)Z VD B ST T X5 I DKD 4 1)
UM . (B LASSO FR4E S5 AR 88 1) S TS & FAZ-
P ORME T FAZ-A, SEEAERF IS A0 —30¢ . R

JE L T FERE il S B FAZ P 25 AN DU 3 — L 4 e
MAFAE

ARBFGEANH Z ALy - @ #4 I F OCTA S50
JXUBS: 43 KT 5 @) 3K FH LASSO + Logistic 2 Z5054
A, B B — S B0 B M B BIA
6 mmx6 mm FIFHMNE VD X — 5T I SAAG 2E 455 o
AT I B ) FAZ S50 22 ARAE, 5 AT H 3R 5
T S TR 10 90 kb T 25 I DU A L A AR, ARk AT
SEO ML R A DR REE 2 T Hegat ) gk— 4
FETF FAZ 5 J30 ) W ) R

25 I, OCTA TRl 37 2 B0nT S0k = B DR 1 £
TEIR I E 2T OCTA I 3 2 B0 A0 DR 9 s 7
P Logistic WU 43 25, Xt 2 FUAH FRAG DR 10
HE R KRS B AT 0 T AL RE o A BF 5 AN 58 AL
Bootstrap NP5 IE , AT JEAME I , BRI L5071k
RLRE I AN ; AAFTEREA AR B K Rl 7 5K
WEARNL . LTI R RFEA 2 PO RIS TR 5E
B IR BE
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