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SEH— B B AR B L . BRI 2R B A o0 1 PDIYS0 © ARSI, MRS Bk A
THRRESW RS TR SN RN S E, H3~42 IRIE L K JJ5 53 A DON(+) 4L FIDON(-) 4 ,

FF -4 705 PR3 L I 5975 22 (diabetic retinopathy, DR) 712 W, LUAPRAR A0 AL | ISR il 25501 25 5%

A S E L DR SDON KSR A G . S5 5R : WAL ANE IR B 52619 (94sHR), Horp
FVE33shl. Lebk191f; AFIE R (S1.58 £ 12.21) %, LR (S.51 £ 5.20)4F . FrA AZLKMH, DON(+)
ZH205HR , DON(-)7400R ; AR4E LR IMAEEEE, JCDR 72301, 52 B2 AE45E IR FRvs O8I 75 22 (non-
proliferrative diabetic retinopathy, NPDR)7HE, H1EENPDR 184, FEEENPDR 2411, HE5E B R 0L 193] Fi
ﬁiﬁ(proliferrative diabetic retinopathy,PDR)ﬁEo AT (40 235 M i 2 80h, ACEMAM B B E M
MEAE . JKCFRRRELL . BB ARG . BI04 5 . BIX LI BBl 0 Ik LLAEFED ON (+) 20 F1I
DON(-)4Z A L8 28 5 BT e i 2778 L (HP<0.05); ACFHIEL BAR . B BOLE AR . IUR BERPLEL T
T . BIX AL IS K 24 5 /EDON (+) 2 MIDON (=) 2H 2 8] F A5 22 F e G 12 7 L (¥ P<0.05) o A&y
Brgsl, KA EAR . MR EAR . KPR B EAR L B AL S Ik LL(E 5 DON &
I S TR G (F9P<0.05) 5 BIX AL I S ik i 45 24 i . DRAMYIN S H S IE A 56 (3 P<0.05) . 458 : DONER
FOUAR LA . AREELL . B KRR o S ik ot A7 224 o 45 L T IR RGO R N T e R I S 850t 38 28

DON/ A 5 DRIFAS ™ E AR A K.

BEPRIG AR 297 5 N TR AR WAk AUAR W DRI 100 Do g A%

B 2022-09-13

1815 1€ (Corresponding author) : F1:Zi#K, Email:challengel34@126.com

HE £ T H (Foundation item) : ZR5ETAH &R & 8 (F5) 5 H (202050715046227) , This work was supported by the Social
Science and Technology Development (Key) Project in Dongguan (202050715046227).

SRR XHRT, M4Ibk, HFHE, 0L, SR, DEE, Ak, BIE, XOER. AT AR R
ZAE LW P A [T, IR, 2023, 38(x): xxx-xxx. doi: 10.12419/2209130001

Cite this article as: LIU Huaxiu, DU Shaolin, DONG Xiuqing, ZHENG Wenkai, CAI Chusheng, MA Huihui, AN Lin, TANG
Songtao, LIU Huikun. Application of artificial intelligence in the diagnosis of diabetic optic neuropathy[ J]. Eye Science, 2023, 38(x):
xxx-xxx. doi: 10.12419/2209130001



AR Rl2A3KR, 2023, 38(x) journal.gzzoc.com

Application of artificial intelligence in the diagnosis of

diabetic optic neuropathy

LIU Huaxiu"’, DU Shaolin"*", DONG Xiuqingz, ZHENG Wenkai’, CAI Chushengz, MA Huihui’, AN Lin’, TANG

Songtao’, LIU Huikun®

(1.Guangdong Medical University, Zhanjiang 524023, China; 2. Dongguan Tungwah Hospital, Dongguan 523001, China; 3. Guangdong
Weiren Medical Technology Co., Ltd, Foshan 528000, China; 4. Community Healthcare Center of Dongguan Liaobu, Dongguan 523427,

China; S. Hengli Hospital of Dongguan, Dongguan 523468, China)

Contributions: 1) Conception and design: DU Shaolin, LIU Huaxiu, DONG Xiuqing; 2) Administrative support: DU Shaolin; 3) Provision of
study materials: TANG Songtao, LIU Huikun; 4) Collection and assembly of data: CAI Chusheng, MA Huihui; S) Data analysis and interpretation:
ZHENG Wenkai, AN Lin; 6) Manuscript writing: LIU Huaxiu, DONG Xiugqing; 7) Final approval of manuscript: DU Shaolin.

Abstract

Keywords

Objective: To explore the application value of artificial intelligence (AI) in the diagnosis of diabetic optic neuropathy
(DON) by analyzing the parameter characteristics of artificial intelligence (AI) based on fundus color photos.
Methods: From January 1, 2020 to April 30, 2022, patients diagnosed with diabetes were collected in Dongguan
Tungwah Hospital, Hengli Hospital of Dongguan and Community Healthcare Center of Dongguan Liaobu. General
information was collected and 50°field vision fundus images(centered on macula and the edge of the images were more
than 1PD away from the center of the optic disc) were taken. All the images were divided into DON(+) and DON(-)
groups by 3-4 ophthalmologists. All the parameters were detected and analyzed by Al system, and their differences
between the two groups were compared. The correlation between each parameter and DR stage with the incidence of
DON was analyzed as well. Results: A total of 526 diabetic patients (945 eyes) were included in this study, including
335 males and 191 females. The age was (51.58+12.21) years, and the disease duration was (5.51+5.20) years. All
the enrolled cases were divided into DON (+) group (205 eyes) and DON (-) group (740 eyes) . According to
ophthalmologists” interpretation, 723 eyes had no DR, 7 eyes had mild nonproliferrative diabetic retinopathy (NPDR),
184 eyes had moderate NPDR, 24 eyes had severe NPDR, 7 eyes had Proliferrative diabetic retinopathy (PDR).
Among the parameters detected by Al, there were significant differences in horizontal and vertical optic cup diameter,
horizontal and vertical C/D, retinal vein equivalent(RVE) in zone B, and retinal arteriole-to venule ratio(AVR) in zone
B between DON(+) and DON(~) groups. There were no significant differences between the two groups in horizontal
and vertical optic disc diameter, arc-shaped spot-to-disc area ratio, and retinal artery equivalent(RAE) in zone B. In the
analysis of risk factors, horizontal and vertical optic cup diameter, horizontal and vertical C/D, and AVR in zone B were
negatively correlated with the diagnosis of DON. RVE in zone B and the severity of DR were positively correlated with
the diagnosis of DON. Conclusions: The Al detection parameters based on fundus color photography have significant
changes in the diameter of optic cup, C/D and RVE in zone B in DON patients. The incidence of DON is related to the
severity of DR.

diabetic optic neuropathy; artificial intelligence; optic disk; optic cup; diabetic retinopathy

B R 955 9L #i 28955 4% (diabetic optic neuropathy, retinopathy, DR)"", {H i T Hi IR K IR EEAE 5 DR
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Z—o DONHY A AT T Fi i L 199 [ 7% (diabetic TIRJFIIHL. DONEH ARG . alfs, FMiidr, &
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BRI A RIEDY, AT [ ShR BRI ]
HRLEEAR G SR, 1E 5 IR SEBO Y 30112
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1.1 HARIFK

9 A20204F1 H 1 H F20224E4 H 30 H k2 T 458
RACBEBE . B B e AR SE T A0 B X T AE IR 55
tuty, I H N IRk R T AR 2 R R IR 3
HEBRbRUE: 1)FE IR . FHREAE . T
>600 ° VAR 2) MR o RS A O I R
St AR ) I i A A R A 2 AR R, A T

R 1 FESEHERFRBERTIRERA

Table 1 Fundus manifestations of DON in different categories

HFR G A R 20 A8 55 s 3)RRIEA RIS TR L 4)
Je A Ve B 8 52 i IR P MO 5% 5 ) A FF LAt ]
(113 A ] i K= o= s W (1= (1WA SN 0 Y =
R RGEMLARIRESE ., ST R A RIS 0t
TT—MEFERERAE (PR . AFIE . R) . . IR
BT KA D % e vk i AR P B A (I 77 8 i = 7 Rk
ARRAF), AL O . B LS sl
rhutiEE L1 PDYE S0 © BRI IE

1.2 SHARERE H

BEIRIR IS WTbRfE™ . ELARE DRI AR (SR RE DR
A2 ZIRAAYE A AR E TR, R A
S AR . OBEMLIMARE>11.1 mmol/
L; 258 IMBE>7.0 mmol/L; 2 h I IR %5 %5 Bl i 7 ik
5 (OGTT) i #%>11.1 mmol/L.

DRIZ Wi b5 E . M 88 DR F Br Il K 73 %
b IR AT Sy W, 4 o A RE R B G 0 OBE IR
o5 AL R I g A (mild nonproliferative diabetic
retinopathy, Mild-NPDR) . HJ 34 78 W4k I o5
?ﬂl@ﬂ%ﬁﬁi(moderate nonproliferative diabetic
retinopathy,Moderate-NPDR) . o4 A 14 5 A A
ﬁ(ﬁ?ﬂlﬂﬁﬁ/}ﬁ(severe nonproliferative diabetic
retinopathy,Severe-NPDR) . 3 5H 1] % bR o #1L 19 <5
% (proliferative diabetic retinopathy,PDR) .

DONiIZWbRiE: HLAIE b [ HE PR DA 2800 2 12
Wi AT £ R AL (20224F) 1, KD ONSY A i A
DON . IR &9 42 (diabetic papillopathy,DP)
Ak 2l ok 48 1 FF B 1l Al 2205 72 (non-arteritic
anterior ischemic optic neuropathy,NAION). H F74&
WrFe S TR, 76 P DP X NATONHR JiE
KI(EERDBEE—ZNWAZHADON,

DON 432K AR P
R DON TR
DP R, PAIRSOSIRA R TR . 7K, RRESCA R R DX R A e I 2 5
Mt . PAEFIER, SEERR, EXUBREEH.
NAION WU AL R RN AR Bt K B K s K b, K I DX R, AR B

TET 54 ) 0 28 JRE DX A R A O o T 2 5
WEsH). WAL LARs NI A, AR, PR RIX AR

{£: DON: WERAGUMZNE; DP: BEIRBILEDNE ; NAION: AESIIKRIERT ARG M P 2L
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1.3 A S51ERRIKEX

e i 5 ordl s 3B IRE € K% R FIADONIZ W
B Sy AT AR RO B 27, 253 AT A — ik
IRJRCR N BT AE AR 22 57, W51 ASR44 RIS L 50
FAF R, IR LRI 4558, KA IR
KBSy NDON(+)2H HIDON(-)4H .

FEARAREC: K r A IREE R M E N TR 2
T 2R A2 (T O s 7 R R A RS WD) A Sl i I 4k
BB CEE M S8, s KPR ER . B
MM EAS . KBS . T B KEREE
7. EEMAER . IOEBEAMAA AL . BX AN
PECHR DK IALAE o . BIXAR RSN DK S 1 . B IXCHHL )
SRk LA

1.4 ZFIHEFHZE

W FHSPSS 20.0 B AR AT o3 br, BESEH YT A T
HPRER x £s 2o, B MR bR (AP A 4 iE] t
BER MR, XTI s OB (AR . e S .
WAL IE) BT A A FL Sk A 2 SR AR AR B IE R 4
i, WHEHAESHBARR, DIRRAR 74T
Geiter i o MR |, 1S B 5 DONEIA
I AH &A% 43 #7 R H Point-biserial K 3574, DR 5
DON R A AH K i Mantel-Haenszel #5586, T A
K IR I LIP<0.05 25 A it Lo

2 &R
2.1 —fgHEs

WFFE g AW s H 3 52610 (94SHR ), Hirp B¢k
3354 Zetk191fdl; AEEY A (S1.58 +12.21)%, REE R

®2 XSHEMANNERBRARES DON BHmHHEX M

(5.51 £ 5.20)4F, i A4t , # M4 sk TDON
fRIEELE B3 HDON(+) 2020508 . DON(-)7400K ; R
PELRHEEITASAE R, JODR 72308 . Mild-NPDR 7 |
Moderate-NPDR 184/} | Severe-NPDR 24fR . PDR7Hl}} .

2.2 WABKNIEIRNZERES

AR A B S S50, AP E R .
EAMER ., KEMELL . RS . B AR
Ak A 5 . BB S Dk LUAEAE AT 5 JCDON
] e 25 A et E i L (39P<0.05) 5 KA
HiE., BEHMAEER . JUEBMA AL . BX
LD B B Jok >4 it AR L[] 3 25 S 3 R ge vl (3
P>0.05), WL#%2.

2.3 DONERHHEXEEZD

ATA I B9 4% 11 22550 5 D ON ER 95 (149 FH DG 1 43 B
FPR, KM ER, FEEHMRER . K
W MEEAELLL . BRI RS #R K LY S5 DON
Ji 1 7URE 56 (141P<0.05) 5 BIX R IO IS Jik 1 5 >4 £ W)
5 H R IEAHK(P<0.05) .

2.4 DRSDONZ HEHX &

DON(+)4l 205"+, AIFDRE &
46.34%(95/205); DON(-)7400R 1, &IFDRH 5
17.16%(127/740) . TEAFI DR, &IFDONM
R R UNFEE3T /8 . fEModerate-NPDRLJ 532,
DON [ % bifi 5 DRAY ™ 5 F2 L1 8 . Mantel-
Haenszel 15 5645 5 i /RDRZM S DONAY BRI AR LR
‘@%,Z{r‘:(x2=82.352, P<0.001); Pearson*ﬁ?é%%féﬂf*ﬁ
X:(r=0.295, P<0.001).

Table 2 Comparison of parameters between the two groups and parameters’ correlation with DON

i H DON(-) DON(+) U P Pearson Correlation P for Correlation
ACFMEHZ / pm 1441.19 +173.88 1418.76 +187.02  69993.50  0.09 -0.052 0.108
T A EAR / pm 1639.14 + 181.63 162637 £213.59  75296.50  0.873 -0.006 0.853
KM ERE /pm 663.97 +160.38  626.83 £246.88  65409.50  0.003 -0.084 0.010
T AR EAR / wm 689.44 + 174.83 6473727247  66517.00  0.008 ~0.086 0.008
HEAREE L 0.46 + 0.09 0.43 £0.15 67567.00  0.018 -0.107 0.001
M EME L 0.42 + 0.09 0.39 + 0.14 6707450  0.012 -0.111 0.001
LB S i AR L 0.27 £ 0.31 0.30 + 0.31 69907.50  0.086 0.039 0.228
B XA MIE B k2 it / b m 0.13 + 0.06 0.15 + 0.06 69398.00  0.293 0.057 0.086
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i H DON(-) DON(+) U P Pearson Correlation P for Correlation
B DX P B K S 4 / oom 0.18 +0.08 0.20 +0.08 62164.00  0.001 0.091 0.006
B X Bk & L / b m 0.78 +0.11 0.75 +0.13 7344550  0.023 -0.093 0.005
:: DON: HEPRIGIAHZHE o
* 3 AE2H DR F45 3 DON HIELBI [ B (%)]
Table 3 Incidence of DON in different grades of DR[(n(%)]
DR 47 A DON JC DON St
J& DR 110(15.21) 613(84.79) 723
DR 95(42.79) 127(57.21) 222
Mild-NPDR 3(42.86) 4(57.14) 7
Moderate-NPDR 73(39.67) 111(60.33) 184
Severe-NPDR 14(58.33) 10(41.67) 24
PDR 5(71.43) 2(28.57) 7

. DR: MEIOGOIL ARG AS ; Mild-NPDR: 521 A1 FE 1A DR H0L R IR 4% 5 Moderate-NPDR :  H 8 = EH8 5 ST D 10 oo g
ﬁﬁxﬁ; Severe-NPDR: ﬁﬁﬂﬂ%ﬁ%ﬁ?ﬁ%ﬁﬁ%ﬂmﬂﬁﬁ&“, PDR: iyﬁ%ﬁ%ﬁﬁ%ﬂ@ﬂ%ﬁﬁ, DON: HHFRIRAAR 207

3 i

I R - DONMIIZ Wi FE P4 b BB, H 2354
RN GHARBIBRE] . B N TR B & H TS 7T
v, HEBHE . R AR B RG I ZhBE A A2 s
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DR™ 5 ARSI, i B sl A A S PR
Z A1 JCHA AR CPED S W e T 5 L P sl e
A, PR EGEKY 5K,  RIRHEBECIRAS FRRE
HRAE AT LAG RIS B2 i 3, s B s
eyt M ER KT L Sh KL A S
A . D37, BEPREERE . P R il R
SR R PR I A R 2 T ED ONACR 1Y
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DRINESEDONMfE AR Z —. 5% I, DREDON
PRl T s RS AU A I A E, FE DRIEE,
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PE— Y R B A A 2 F AT DR ILFL
Sk T AR TR L A5 2 A T AR B R HLAG T 5 PR
PR, AR Al i RS IEdE . RAESs &
SHESTIRIARIREE . MBS . A, SE R
A SRR PRI T 2 4R B WSS, FEBARdE bRy F
EYEMREATE—EAE, TR ALY
Wik . RN, AIEDONIZET A EA N FHIE) ™,
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HBMZWA2 P AR FATEAE — 2 I R S BRR
VINIER

PIFRINZR Fra VR 75 IR £ o8
FF AR BN AR

A SCIE T AR = F Al i (Creative
Commons), TV = P B2 (BY)—HEﬁﬁﬂk
P48 (NC)-2% 1|3 25 (ND) (CC BY-NC-ND) {75 =X,
ez B ARVRSS =07 WA TR SR 0 SO AT A
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