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Abstract

¢ AIM: To explore the risk factors associated with diabetic
retinopathy (DR) based on ultra-widefield swept-source
optical coherence tomography angiography ( UWF -SS -
OCTA), and to establish a clinical prediction model.

* METHODS : A total of 235 patients (235 eyes) with type 2
diabetes mellitus who were treated in the Affiliated
Hospital of Xuzhou Medical University from July to
November 2024 were selected as the research objects.
According to the presence or absence of DR, they were
divided into 120 cases (120 eyes) in non-DR group ( NDR
group) and 115 cases (115 eyes) in non-proliferative DR
group ( NPDR group). Data on general characteristics,
laboratory tests, and OCTA results were collected for both
groups. Univariate analysis was employed to identify DR-
related risk factors. Logistic regression analysis was
conducted to analyze these risk factors and to establish a
DR prediction model. The efficacy of the model was
evaluated using the receiver operating characteristic
(ROC) curve, calibration curve, and decision curve
analysis (DCA).

e RESULTS: The duration of diabetes, fasting blood
glucose, blood urea nitrogen ( BUN ), history of
hypertension, and the choroidal vascular index ( CVIl)
were found to be statistically significant in the model (all
P<0.05). Specifically, the duration of diabetes, fasting
blood glucose, BUN, and history of hypertension were
identified as risk factors for DR among diabetic patients,
while CVI was recognized as a protective factor. The area
under the curve for the model predicting the probability of
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DR was 0.898 (0.859-0.938) , with a diagnostic threshold of
0.438. The corresponding sensitivity and specificity were
87.8% and 78.3%, respectively, indicating that the model
possesses high predictive value for the occurrence of DR.
¢ CONCLUSION: The duration of diabetes, fasting blood
glucose, BUN, history of hypertension, and CVI are
significantly correlated with DR. The established
prediction model demonstrates a substantial screening
capability for DR.
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B3 DR 9 408 R BB A8 ( diabetic retinopathy, DR) J& 4% /K
9% (diabetes mellitus, DM) fie N LAY I LaE 2 —"" I H
B EERAAE AR FBEREZ— DR Al LU
432k AR 1 FE AR IR Sk AL B9 JBE 9 8 ( non — proliferative
diabetic retinopathy, NPDR ) -5 3 5 % J Jpg 1 D) A g A%
(proliferative diabetic retinopathy, PDR) W5 317 16 1
DR 5 Ty ek 2 B m B H AT i, 9T
7, ROCTE DR Y fE R PR ER | i ARV O A S R S
WO JIEE (1 5 5, T A5 S T B AE 2% DRk Je

FAIE G 27 AR T W 2 49 il A AR BR (swept -
source optical coherence tomography angiography, SS—OCTA )
YRy — R B IR IS AS A BOR | BEAE 78 J0 5 fdf FH Dk v S i
SEFIAATEE T, PR AR HRHR RS M 45 5, I EGHR0 o A Jhk
YA R R AT A AT, ZE IR BRI 2 W h k455 2
PERIT . BR300 90 % )2 26 A0 I 5 ) 00 37 %
FAZ THIFR Y DR (3 i i 2 AH5C WA DR & A: 1 Tl
DR HR . B B VS TC 8 PR 995 20 I FEE 995 22 ( non — diabetic
retinopathy, NDR) FOBE DR 6 B &, OCTA A m] W2 2 41
PO B2 J22 B R 2 2 4 I A6 I %8 B 1 A1, iX U I 7E DR
fe A T30 8 77 26 AR RS R o 4 A g 2O S AR Ok AT
54 OCTA AT LUAE N #Ll DR A& J& By 5218 2% b ik
Wit AEGE OCTA BRI 4514 30 Bl 45 /0, 82 A 00 J) 0 400
IoR] Bk 24 JE Ak i A8 %) 284k AL 0 R P MR DA A R
] DR 5i#) 18 SS-OCTA ( ultra—widefield swept — source
optical coherence tomography angiography, UWF-SS—OCTA )
ML SHOE R BIHFTE . UWF-SS—0CTA A7 HFu T,
TE VR BE TR AR a5, AT LA B 0T ik &4 658 A 0l 76 2 v oK
B KSR 45 +8 50 ( choroidal vascular index, CVI) %5
bRt AT L, B 24 mmx20 mm UWF-SS-OCTA # A
51T DR 45 BT RE 230K B G R 4l o I AT
AR 2 — AT R I ARRE AR RAE 55 2 M5 SR HE
FOAR FZE IR B0 1 T H . AR WE 5 UM g — A T
UWF-SS-OCTA i DR Il R AU AE Y, 6 25 15 DR A5G HY
faR RIZ 40 DR A A TAE B im PRAKHE
1 X RFTTIE
1A% PR 2024 4 7 7 2 2024 4F 11 3 TARMEFR
MR EBE L2 10 2 BURE IR 8 35 3k 235 f4i] 235 HRAE
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RFFERT G ARG G2 () — M It 5 Je S 3 = K A IR
FHG A OCTA s, MR8 8 H &S S I DR 4+ F 7 DR
(NDR 41)120 f5] 120 HR 5 EH4%E % DR (NPDR 41) 115 fil
115l . NPDR iZWibrifE. (1)12W78 2 BB IR ; (2) 1
it e AT IR RS BEAG AF 471 5 30O R RS BERE 2 16 3 IR RS il
WA AT A 2014 4F AR B 2 s IR BL 2 43 2 IR G 2
1R NPDR S, AIARRIE (1) 454 2 20k
PRIGEE (F1) NPDR A2 Wibn o (2) I AR 45 )2 45 1
W75 (3) AW 18-70% . HEBRARIME . (1) 15 58 BUBH bR #L
FES 78 (PDR) 5 (2) FAREE | b AR A4 46 Jitt Y A Jo R ok ™ o 5%
M MR JPE AR A 5 (3) A A Al A0 ) B 5 5, 0 400 IR
VK BELZE AP0 R 2 Jok BEL € | o 1 s A X B 25 5 5 (4) 9 A7
LI B CBE S BT VEGEF AJARYTF  NIRFARE (H Nk
FARERIN) 5 (5) OCT 7 40 ) S P & 7K e | 8 TR K e | 2
B RU R B 5 (6) KRR ™ Y A B PR, A ™
A LA PR B KU 5 (7)) TG Tk B AR E S AT OGS
AH(8) MR T 2%, OCTA BRI <8 43, AWF5E
TE RN BE R K 2 B R B AR FE 22 By S At v (b HE .
XYFY2024-K1299-01) , I 2 5 & 2 Z JE R S,
1.2 Ak
121 — BB RIBERE SHELEAMERED
G, REBEEAGR . RENEQIES] AR RN
IR | I S A — AR . R R T R AR IR AL, A
M SZE = H .55 18 1L (fasting plasma glucose, FPG) ¥
AL 1M 41 2 H ( glycated hemoglobin, HbAlc) . H M = Bf
(triglyceride, TG) B JHE B (total cholesterol, TC) K%
A8 £ H (low—density lipoprotein, LDL) . =% £ AE 25 1 (high—
density lipoprotein, HDL) | Ifil /R 2 4 (blood urea nitrogen,
BUN) IfiL 3% WILEF ( serum creatinine, SCr) 25—k,
122 REMEE fKa B E IR s EA ) IRE
SABRATAG A MR AT | IR T A | MR S R AH S5 A SC IR B A
. A RIRBHR 2 1 i [l — 7 A 2 50 IR BHEE 2R i1 7
1.2.3 OCTA & RHI# 5K BM Lite ) UWF-SS—
OCTA, % B £ 52 b 5 4 3 B . 400 000 Ascan/s, I K
1 060 nm,%ﬁ([ﬂl{ﬁﬁi@t%j{fﬁ]ﬁ :24 mmX20 mm, Il i 5%,
83 HEA : 1536% 1280, FA5K 1ML i R A 4 1966 080 4,
i1 0.5 %52 77 FEntt - e i MR Vi 5 40 T s, e %1%
B OCTA FEL ,ﬁif%ﬁi[%]y‘j :24 mmx20 mm , %] Fr A H
FIEATIRE o A A 0 T R I W SR T A
HApRI&gE  Fhnic, & AR E R/ A IR AR
Mt A ok P2 v PR G218 A 5 Sk | 181 e A Sl L
L EALTFAR g R 83 IR A SR X £l R
S5 b 52 BRI AT %) TR RS PRI, 5 R M HL 3% 22 ) T8O f
17, BT >8 BT LR, i B 447 SR A
2 (BB B BT A A HEbR v 0 AR IR A AL, 5 SRR 35 T
A BT IR AL ) . S A0S 6 2 i s f8 3
P RURAR S, H P MR B} B2 D47 ) |, 3145 /9 OCTA
FEIE A 314350 1. 3 2 00 I BB 1l 457 )22 ( superficial capillary
plexus, SCP) | & 2 H % 5 1fil % )22 ( deep capillary plexus,
DCP) k%5 A% =& 40 1. %& )2 ( choroidal capillary, CC) k4%
B Hp K M S )2 ( medium and large choroidal vessels, MLCV)
a4 A2, Hidr SCP g R I - 8 AR )2 B 4
T, GRSy v 2 A R i T ) ( superficial retinal thickness,
SRT) ; DCP 5E A AR JZ =0 DR )25 10 10 Do s, G 2
NIRIZ AL FEJEE ( deep retinal thickness, DRT) ; CC E X
A Bruch ¥ —Bruch T 29 wm A9 Ik 4% 85 MLCV € XN
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Bruch T 29 pum— k&% BREIUAR 58 52 9 Ik 46 B . WL 4 48
FrAL4E SCP \DCP .CC MLCV Ay IfiL 3 % & \SRT .DRT ik %%
M ( choroidal thickness, CT) & CVI, H# CT & CC
FIMLCV J2 0 SRS I 25 B 1 oAy B T AR P i
AR AT A LR, CVI Y E SR Ik &5 B rh K I
ERTRS k 2 RS SRR LU AH

Giit2E 3B . K SPSS 26.0 F1 R 4.1.2 X8 #4748
oM, TTEZRIRA Shapiro—Wilk AT IES R, 5
GIERS A BRI B e bRl 25 (x£5) FROR AL LA
KM FEA ¢ K3, AT A RS S A B BB R
L (DU A r %) Fom , AL H 3R H Mann—Whitney U £
By, THECPORMSR I n (%) o8, 4 R) O BCR T XC K 3
K H Logistic 711543 H7 5% M4k bR 835 & A4 DR A9 AH DG A
F,JFEAST T NPDR A9AY | 226 5L & | SR Bootstrap
FHAE 1 000 YR XT L7 HE 77 B 5 HIE , Hosmer — Lemeshow i
ISR T A LA O BE A TR 3 . SR ROC il 6 4 o fh
24 \DCA IMZEIPMBALIRLRE . DL P<0.05 2 R A 4t
R,
247
2.1 NDR A5 NPDR AR E MK FRILE WA R H

4 % LDL-C, HDL - C.SCP,DCP ., CC,SRT. DRT,
HbAlc TG TC SCr tb# 255 G it 24 B X (¥ P>0.05) ,
NPDR 2025 i 1B A 7 I 9 S BT o He 9 OB IR
it BUN .CT Y8 i %5 T NDR 41, MLCV .CVI 28 A%
T NDR 41, R H G #5E L (¥ P<0.05) , W3& 1,

2.2 ZIMMERKEEL S DR L E X Logistic @IT LU
WP BB A &4 DR M 5 (NDR=0,NPDR=1),
VIR R M A Ge it 2r 2 L AS o A AR e (AL 66 b
PRI 25 IR I  BUN /& Il 5 5 \MLCV ,CVI,CT) ,
S FH 1] B 45 8 15 8 S Logistic 115 45 50 (40 A F5 #E
0.05) , &% 5t 7% W8 DR 9o s B2 L 25 BB I L BUN | =5 1ML & 9
S CVI FERLARI A Giit22 8 (3 P<0.05) , FLrh g PR
e 25 IUOBE BUN | 5 I 5 Sk 52 M W R o H o & A
DR HYSGERINZE (2] OR> 1), CVI g 5% Wik IR % o & A4
DR PR (OR< 1), RIVBH PR 5 R K | 25 I 1
151 JBUN 7 A I I s 58 CVI BTG B PR s 8 &
2 DR USRI, ULER 2, EES7 FiIl DR A9 Logistic A4
BERL . Ln(P/1-P)= 0.263x W8 FRIpg I B +0.212 %75 Ji5 1B +
0.616XBUN+0.989 x /= Ifil 9% 52 (F =1, 5 =0) —0.558x
CVI+10.995, WA 1,

1 WABEIGEKZREER

e PR ¢ Ak NDR 4 (n=120) NPDR 4 (n=115) t/Z/X* P
PER (], % ) 0.001 0.995

5 47(39.2) 45(39.1)

& 73(60.8) 70(60.9)

AR (XS %) 57.38+8.73 56.31x7.16 1.022 0.308
BRI (X £S ) 8.63+3.78 11.79+3.27 6.872 <0.001
HbAlc[ M( P, ,Pys) %) 8.72(7.79,9.73) 8.58(7.63,9.64) -0.603 0.547
23 W A M( Py, Prg) ,mmol/L] 9.06(7.51,11.2) 9.98(7.72,12.99) -2.484 0.013
TG[M( Py ,P,5) ,mmol/L] 1.68(1.39,2.04) 1.69(1.35,2.05) -0.348 0.728
TC[M(P,5,Py5) ,mmol/L] 4.67(4.31,5.04) 4.72(4.19,5.29) -0.529 0.597
LDL-C(X£S ,mmol/L) 2.97+0.55 3.03+0.58 0.907 0.365
HDL-C(X %S, mmol/L) 1.33£0.28 1.29+0.19 1.460 0.146
BUN(X %S, mmol/L) 6.84+0.88 8.37+1.99 7.556 <0.001
TR IR 9 52 (A1, %) 45(37.5) 68(59.1) 11.006 0.001
SCr[ M(Pys,P;5) , mol/L] 66.69(62.75,73.73) 68.5(61.74,75.48) -0.308 0.758
SCP(X%S,%) 33.61x3.63 33.64x4.45 0.055 0.956
DCP(X%S,%) 36.0423.08 35.57+3.09 1.186 0.237
CC(XES,%) 47.32+2.43 47.36+1.99 0.137 0.891
MLCV(X%£S,%) 55.58+2.50 54.08+4.28 3.273 0.001
CVI(X%S,%) 38.51+2.01 36.47+2.22 7.420 <0.001
SRT(X%S, pm) 75.35£7.20 76.41+6.72 1.164 0.245
DRT(X%£S, um) 176.35£6.20 175.97+6.98 0.441 0.659
CT(X%S, pm) 194.34+43.87 212.45+50.55 2.936 0.004

x2 PHERRKEELLE DR S EE Logistic |13

FSES B SE Wald X P OR(95%CI)
AT 0.263 0.056 22.270 <0.001 1.301(1.166-1.451)
g ki1 0.212 0.075 7.949 0.005 1.237(1.067-1.433)
BUN 0.616 0.136 20.484 <0.001 1.852(1.418-2.419)
e I3 S 0.989 0.371 7.104 0.008 2.690( 1.299-5.568)
CVI -0.558 0.105 28.036 <0.001 0.572(0.466-0.704)
it 10.995 3.906 7.926 0.005 -
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HERA R () T - ,
2 4 6 8 10 14 18
FBG(mmol/L)
5 7 9 12 15
BUN(mmol/L) = —mm—m——————
5 6 7 8 9 10 a1 22
- B
SmERE —
7
CVI(%) " T r T T - T - .
44 42 40 38 36 34 32 30 28
59 : . : : : - -
0 20 40 80 100 120 140 160 180
NPDRX.B&
0.1 0.30.5 0.80.9
B 1 i DR B9 logistic E]Y3 Nomogram &,
UL Mk L L B R )
A 1.0 Biof UJ’
0.438 (0.783,0.878)
0.8 0.8
_ 0.6
MOﬁ =
o AUC: 0.898 3 0.4
0.4
- - BB
— 234
0.2 RIEL%
0.2
0'0— I/ T T T T T
0.0 0.0 02 04 06 08 1.0
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 TR
1 -Lﬁ' ﬁi }ya B= 1000 repetitions, boot Mean absolute error=0.015 n=235
B2 DRIMZERM ROC M&RZAME A.ROC HIZk;B. AiithLk,

2.3 MM EI R ROC ik R BRI ROC i
LR M ERTZR WLIE 2, #%2 B8 B ST Y Logistic [ A3
HEA B, IF25 ] ROC 12, DR I A5 7Y iy i £ F 1]
R 0.898(0.859-0.938) ,i2 Wi B 0.438 , X I R B
1 87.8% FEFIE R 78.3% , I ZA AT DR A9 M (A5
o R Bootstrap 32 5 & flFE 1 000 YR WAL AL 1) $1 45 18
FE A TR AR L FE A B8 Hosmer—Lemeshow 45 5 i
7N, X*=4.700,P=0.789 , {3 WA Y [X 43 BE 54T
2.4 M#EEIE) DCA figk AR DCA hZ LKl 3, 1%
B DCA [ ] LA H B A B s R 4
3itit

ILAESR DR WY B R E T, %A DR 4G
WSR2 AEIXT DR T B IGAER L b EE, B,
A WFFT AR, o A S 7 8 R I s S B
R4 e 4 AR S5, DAL Sl 2 0 X A ol A A S
AR O AR 400 P 5 fok 286 1t A8 2R 5 1 L [m) 5, Herp
ik B 4 TR AL LG AN 2RI DRz a8 B F RN
PR O A B S 45 P A IR0 TR ok, A AR DR s 1 U
B AR S B 45 RS0 P ) S O, X e AR fh
Wit i 2 ) 51 08 X g 481 R

1002

AL 1 I B

A

0.4 1.0

0.6
5] {1 1 %
3 1=EIF) DCA #iZk,

0.8

TE—IG N FHHE T OCTA #8137 NDR & A E
IR R % Sk 245 R i 38 B BIFFE T, Zhao 251 % I NDR H 348
IEF X IRY] MLCV I % B S L, ke, —mig
I'T¥R 5% NDR & Ik 2% B 28 Ak 9 B 58 & 3, 7E 24 mm x
20 mm3t [l A, B AY MILCV LI 35 B8 468 TF % %o PR 20 o
SRR RIS R B CC LI 2 BE 7 79 4 1) O oA o R k3
22520 DLW ST AR R FE T NDR 45 I F IR
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2 [ K4 B MLCV I A8 1k, FF FLAS T — B0 45
5 BIFE R & B DR HIR IS 2028 (R 85 RS B 38 MLCV I 37
FEC NS G E X T, AN, NPDR
ZH ) MLCV i 38 %5 B 2 I8 T NDR 41, 1fij CC i 37 25 B 7
POZH () A UL d 38 25 5, DR e R AT T4, 76 DR .4, 4 CC
L3 28 B o & 4B B @ B AR I, MLCV I 3 %6 % © W 2 1%
i, &R DR BB A7 AE R 2% s A%, LIk 4% 1 v oK i
HE MR T B4 M E

Fak 52U BB 5¥ F W], NDR 41 F1 NPDR 41 % CC
JE MR T T 25 5 X 5 AT A B 5T 45 R —
By, SR, —UiEET OCTA HIHVERE A 6 mmXx6 mm E &
SIHTRE DRI HR B HE BE X SCP . DCP CC IfiL i %8 & 28 Ak 15
RYAEST s, DR 41 SCP \DCP ,CC A Ifil i % & % NDR 41
PIREAR™ . Wang %2 R B, B BEIX CC JEVER AT LAE
S VEAS DR E R BE A MR aC W, bk 6 R I It 0 B
BT BEZ 5 T DR B9 &M ALE], (H CC Il i % B 7F DR
P it i o VR AT AEAE i, R R 45 SR T BE 55 OCTA
FHFEFAE FEA R AR BH DR A FEEHN KA
XK, A TR TRAT T AR AL Y R 3 RO A i W b [l R AR A T
TR A MBS,

Jing Z P AERF ST DR ANE 40109 CT 284k, & B0
4T NDR fll PDR 41 ,NPDR A CT HJE(P=0.014) ,1X 5
RATHIBF TS5 R EME . Kim 267 515815 AR LAY
2553 ¥ NDR 5 NPDR .PDR 4 CT fEXT I, &% NPDR 4
1 CT %8 NDR A3 hn, J5 b & DR Wi e, CT i /b
B Muir 20 RSP R R | k4 TR L 3 B 2k T E 2
DR 5 BEARAE . R Kim 25 400 7 ) DRk 45 B
8 JEE ) D DA 2 Ik 4% T RE R 184 R I A Ay R A S 5
W, BRI, Kim 26T HIAS T R B 4538, BEE DR i
J'E, CT S RELRIE T iy st B, b HE 00, 0 T s ke 4 vl
T LA N R A0 - (40 VEGF ) 25 200 it X iy 388 i gk
AR Jk 4% S AL 97 396 R A S ML A 1 5 | Ie R S8 T bk &%
JEC I A 2 B B4R, {HL Lains 2578 (U BFSTHE Y BE# DR it
& CT I FRRAR , 33k ] B -5 bk 28 1 1 /85 25 47 I ML 37 D 2>
AR, 25 L3R, CT LFASZ B0 DR & JR Fa e S5,
Jok 4 B 5 P TE Y sh 25 748 b, AN [R) A0 A6 25 Bsf 1) i v H 2%
P I 5 A1 3 0 ] LA i e 446 U5 B AR R ik T
RE 2 FEE Z IR S BN R 25 SR R A

CVI 28 S ke IS v I A8 R AR 5 fok 246 S s AR FRL Y
FU AR, B B o 0 b 52 R fk 245 6% v 65 B3 ] J i 43 1 i 3
AR TF RYAAAR AL, CT 38 i mT BEVR T Ik & R 4 3k
LA A B P B AL RN, B Al CT AN BE IH A ok 2%
IRV 1 e 2 2 o ok 4% R0 67 8 A2 V) 1) A% Ak T 5 3
B0 MR T CT, CVI A2 4 B R /N, R I CVI
BRI PAR Bk 265 1M 45 T RS T SE AR AR L DLRD
HIBIFSE R 246 T 2h I OCT $k BRI ok 4% R e 1 , LA
ARM CVI SFAH S HL B AER ARG, i id UWF-SS—
OCTA HL#% F 2 3R BUK 45 5 v o it 457 A BRIk 4% e 1k
BT VI, A®F55 % B NPDR 4 CVI i F (KT
NDR 41, CVI s i bk PR & & A DR R R 2, B/
CVI {E 8=, W5 PR B3 IR IS AR DR A XU e IR, + B
HAY Keskin 52 A5 H T HIBIRGSSE , 5 HE IR A L

DR 41114 CVI AL, CVI Al g0k DR & 0 - 1 Sk A
YIbRED) AR ST B B T BERS T DR & & H B
HIGIRE A CVIL I FHE, Sl R B A vl LI it CVI A,
T AT VT A R & AR DR OB HE R, JF R E S T TR
Jing ZEY 00 T DR R TR 40 109 CVI 5 B a7 140
(BCVA) FAR &M B3 CVI 5 BCVA R IEAM X, H CVI
Bifi DR 5 2 ZE K T RFAIG, X #8278 CVI AT REZ W DRk
HY AT SE AR A AE bR B

REAEA W5 45 ), SCP ( ZBRR M4 ) Fl DCP J& DR &
I RS SR 2R 2 SCP \DCP ) I 3 % B % DR A
PR, 5K gt & B, NDR FB % A0 4 1) i
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