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Variables

‘ Superficial retina

Average vessel density, %

Group A (n = 198)
Without beta or gamma

zone

405 (22)

Group B
(n = 391)
Isolated beta
zone

Group C (n = 73)
Isolated gamma
zone

Group D (n = 183)
Both beta and gamma
zone

404 (24) 394 (33) 395 (26) <0.001
Average thickness, um 1045 (6.9) 1037 (7.0) 1027 (64) 1023 (6.5) 0.021
‘7 Deep retina
Average vessel density, % 42321 423(23) 420 (34) 417 (23) 0.039
Average thickness, um 515 (2.9) 513 (28) 50.8 (2.8) 506 (2.5) 0.020
‘ Choroid
Choroidal capillaries, % 47.7 (1.0) 478 (11) 479 (12) 478 (L1) 082
Choroidal vascularity 332 (5.0) 30.6 (49) 279 (59) 265 (59) <0.001
index, %
Average thickness, um 1920 (69.0) 153.8 (54.1) 127.3 (48.0) 1133 (48.0) <0.001

Data are presented as the mean (standard deviation).
Buics with sitsteal sl Reatine e el i Dedfice,
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Dataset Noise level (% mACC EN mPRE mF1 N
0CT2017 0 | 9949 98.98 98.98 98.98 99.66
1 ‘ 99.42 L onms Conm 98.84 061 ‘ 98.84
5 ‘ 99.35 98.69 98.69 98.69 99.56 ‘ 98.69
10 ‘ 99.19 98.38 98.38 98.38 99.46 ‘ 98.38
ocT-c8 0 | 9905 9621 96.21 96.19 99.46 | 9621
1 | 9617 96.16 9%.15 99.45
5 96.00 96.00 95.98 99.43
10 9571 95.71 95.69 99.39
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Multivariable model

Variables Or (95% CI)
<24 mm
Group A (without beta or gamma zone) Reference
Group B (isolated beta zone) 0504 0.604 (0.407, 0.896) 0.012
Group C (isolated gamma zone) -1379 0.252 (0.108, 0.587) 0.001
Group D (with both beta and gamma zone) | -1014 0.363 (0199, 0.661) 0.001
>24 mm
I Group A (without beta or gamma zone) Reference
Group B (isolated beta zone) -0214 0.807 (0.264, 2.472) 0707
I Group C (isolated gamma zone) -2.180 0.113 (0,027, 0.477) | 0.003
Group D (with both beta and gamma zone) | -1276 0.279 (0.094, 0.832) 0.022

Multivariable model adjusted for age, gender, SBP, FPG, HbAlc, UACR, and AL.
Factors with statistical significance are shown in boldface.
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Our model

OCT2017

mACC

99.05

99.16

99.23

99.32

98.69

98.44

9949

98.10

98.32

98.47

98.64

97.39

96.88

98.98

98.83

98.93

98.89

98.94

98.83

98.75

99.05

9533

9571

95.54

95.75

95.33

95.00

96.21
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Multivariable model

Variables Or (95% CI)
<60 years
Group A (without beta or gamma zone) Reference
Group B (isolated beta zone) ~0.449 0.639 (0.329, 1.240) 019
Group C (isolated gamma zone) -2302 0.100 (0029, 0.342) <0.001
Group D (with both beta and gamma zone) | ~1649 0.192 (0,071, 0.522) 0.001
>60 years
Group A (without beta or gamma zone) Reference
Group B (isolated beta zone) -0376 0.686 (0.440, 1.070) 0.10
I Group C (isolated gamma zone) ~1350 0.259 (0.109, 0.618) | 0.002
Group D (with both beta and gamma zone) -0.879 0.415 (0.234, 0.736) 0.003

Multivariable model adjusted for age, gender, SBP, FPG, HbAlc, UACR, and AL.
Factors with statistical significance are shown in boldface.
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Univariable model Multivariable model

Variables Or (95% CI) Or (95% CI)
FPG, mmol/L | 0252 1287 (1.206,1.373) <0.001 ~0.050 0952 (0.856, 1.057) 047
HbAlc, % 0575 1.777 (1596, 1.978) <0.001 0.582 1019 (1010, 1028) | <0.001
UACR, mg/g 0.001 1001 (1.001, 1.001) <0.001 0.001 1001 (1.000,1.001) 0.039
AL mm -0.139 0,870 (0.770, 0.984) 0.027 0011 Lo @867, 1178) | 0.89
PPA
Group A Reference Reference
Group B 0465 0.628 (0.458, 0.861) 0.004 0429 0651 (0450, 0.941) 0022
Group C -1724 0.178 (0.100, 0.319) <0.001 1611 0200 0099, 0.00) | <0.001
Group D " 0.307 (0.208, 0.454) <0.001 1055 0.348 (0214, 0.568) <0.001

FPG = fasting plasma glucose; HbA Lc = glycosylated hemoglobin; UACR = urine albumin creatine ratio; AL = axial length; PPA peripapillary atrophy; Group A = without beta or gamma zone;
Group B = isolated beta zone; Group C = isolated gamma zone; Group D = with both beta and gamma zone.

Multivariable model adjusted for age, gender, SBP, FPG, HbAlc, UACR, and AL.

Factors with statistical significance are shown in boldface.
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Variables Group A (n = 198) Group B Group C (n = 73) Group D (n = 183) P

Without beta or gamma (n = 391) Isolated gamma Both beta and gamma value
zone Isolated beta zone zone
zone
Male, gender, % 88 (44.4) 195 (49.9) 27 (37.0) 98 (53.6) 006
Age, years 640 (7.4) 669 (8.3) | 637 (95) 67.2(105) <0.001
Wais, cm | 864 (9.0) 861 (9.1) 860 (8.1) 853 (9.1) 069
BMI, kg/m? | 246 (32) 247 (33) 250 (3.1) 243 (32) 046
7 Hypertension, % 114 (60.6) 236 (63.4) 39 (58.2) 107 (63.3) 081
Hyperlipidemia, % 65 (34.6) 126 (33.9) 23 (343) 57 (337) 010
DBP, mmHg 784 (9.6) 787 9.3) 787 (8.0) 78.3 (87) o
SBP, mmHg 137.6 (168) 1396 (18.0) | 137.1 (155) 1396 (17.6) o
MAP, mmHg 98.2 (109) 99.0 (10.8) 982 (9.4) 98.7 (104) 082
FPG, mmol/L 7.7 (24) | 7.4 (1.9) | 72 (1.8) [ 7.1(1.9) oo
HbALc, % 7.2 (15) 7.0 (13) 68 (1.0) 69(12) 0037
UACR, mg/g 1087 (474.0) 731 (2382) 67.3 (160.6) 61.9 (159.4) 045
TC, mmol/L 48 (1.2) 47 (1.2) 47 (12) 47 (1.0) 089
TG, mmol/L 16 (1.0) 17 (11) 18 (1.7) 17 (1.0) 049
HDL, mmol/L 13 (03) 13(03) 13 (03) 13 (0.3) e
LDL, mmol/L 26 (0.8) | 24 (0.8) 26 (0.8) [ 24(07) s
AL mm 231 (09) 232 (08) 240 (13) 243 (15) <0.001
10P, mmHg 143 (3.0) 142 (3.1) 148 (22) 141 (3.0) 046
DR, % 137 (69.2) 214 (54.7) 19 (26.0) 67 (36.6) <0.001
Average DR grade 11(10) | 08 (09) 03 (0.7) 0.6 (09) <0.001

BMI = body mass index; DBP = diastolic blood pressure; SBP = systolic blood pressure; MAP = mean arterial pressure; FPG = fasting plasma glucose; HbAlc = glycosylated hemoglobin;
UACR = urine albumin creatine ratio; TC = total cholesterol; TG = triglycerides; HDL = high-density lipoprotein; LDL = low-density lipoprotein; AL = axial length; IOP , intraocular pressure;
DR = diabetic retinopathy.

Continuous data are presented as the mean (standard deviation); Categorical data are presented as the number (%).

B with satstieal sonifieanss -4 divwh i BaldBee.
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Dataset

OCT2017

OCT-C8

Method CC mSEN mPRE mFL mSPE

ResNet50 Talo et al. (2019) 97.59 95.17 95.18 95.17 98.39 95.17
OctNet Sunija et al. (2021) 98.37 96.73 96.74 9673 98.91 96.73
VT Dosovitskiy et al. (2020) 98.93 97.87 97.87 97.87 99.29 97.87
Swin Transformer Liu et al. (2021) 99.16 98.32 98.32 98.32 99.44 98.32
CVM-Cervix Liu et al. (2022) | 9936 98.72 98.72 98.72 99.57 98.72
CTransCNN W et al. (2023) 9.32 98.64 98.64 98.64 99.55 98.64
MedViT Manzari et al. (2023) 99.39 98.78 98.78 98.78 99.59 98.78
Ours 99.49 | onss 98.98 " onos 99.66 98.98
ResNet50 Talo et al. (2019) 98.08 92.33 92.36 92.34 98.90 9233
OctNet Sunija et al. (2021) 98.32 9329 9331 93.30 99.04 93.29
VAT Dosovitsky et al. (2020) 98.47 93.88 93.88 93.87 99.13 osss
Swin Transformer Liu et al. (2021) 98.74 94.96 94.96 94.94 99.28 94.96
CVM-Cervix Liu et al. (2022) 98.91 95.63 95.63 95.61 99.37 95.63
CTransCNN Wu et al. (2023) 98.97 95.88 95.88 95.86 99.41 95.88
MedViT Manzari et al. (2023) 98.99 95.96 95.96 95.95 99.42 95.96
Ours 99.05 9621 96.21 96.19 99.46 96.20
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Dataset Label ACC SEN PRE [Fik SPE

0CT2017 NV 99.38 98.75 9875 98.75 99.58 98.98
DME 99.63 99.09 99.43 99.26 99.81
DRUSEN 799,26 1 98.64 ] 9841 V9B.52 799.47
Normal 99.69 99.43 9932 99.38 99.77
Average 99.49 98.98 onss 98.98 9066
OCT-C8 AMD 100.00 100.00 100.00 [ 100.00 | 10000 9621
NV 98.58 92,67 95.86 9424 99.43
CSR 99.38 99.00 96.12 [ 97.54 99.43
DME 98.29 91.00 95.12 93.02 99.33
DR 98.67 95.00 9437 | 94.68 99.19
DRUSEN 99.00 98.00 9423 96.08 | oo14
MH 99.29 | 97.33 97.01 | 97.17 99.57
Normal 9921 96.67 96.99 96.83 99.57
Average 99.05 96.21 96.21 96.19 99.46
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Dataset AM CNV SR MH Druse DR
0CT2017 Train - 7,040 - 7,040 - 7,040 - 7,040
Val - 880 - 880 - 880 - 880
Test - 880 - 880 - 880 - 880
oCT-C8 Train 2,400 2,400 2,400 2,400 2,400 2,400 2,400 2,400
Val 300 300 300 300 300 300 300 300
Test 300 300 300 300 300 300 300 300






OPS/images/fcell-12-1501625/fcell-12-1501625-g002.gif
e






OPS/images/fcell-12-1484880/fcell-12-1484880-g011.gif
897100





OPS/images/fcell-12-1501625/fcell-12-1501625-g001.gif





OPS/images/fcell-12-1484880/fcell-12-1484880-g010.gif





OPS/images/fcell-12-1501625/crossmark.jpg
©

|





OPS/images/fcell-12-1517240/fcell-12-1517240-t001.jpg
Age,y 1212 £ 229 1216 + 230 0.936
Gender, male 38 38 1000
Wearing time, y 228+ 145 0 <0.001
osDI 461 £473 456 £ 476 0.960
Redness index 0,656 % 0.40 0887 £ 0.33 0221
LLT, nm 6036 £ 21.22 62.67 + 24263 0593
Meniscus height, mm 020 £ 0.05 022005 0079
IStNIBUT, s 1175 + 742 1487 +793 0,030
AvgNIBUT, s 1367 70 1660 +7.24 0,029

Data are presented as means + SD. *P < 0.05.
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BACC(%) T

UWF-SEG

Sen(%) 1

Dice(%) T

BACC(%) 1

FRIME-FP20

Sen(%) 1

Dice(%) T

U-Net (Ronneberger et al., 2015) 8534+ 122 7188 £ 262 73.14 £ 0.82 78.90 % 3.03 57.88 £ 6.08 7092 £ 4.73
ResUnet (Diakogiannis et al., 2020) 86.54 £ 0.90 7452 £ 171 75.67 % 0.68 8674 % 121 73724 243 79.24 £ 1.93
CE-Net (Gu et al., 2019) 87.71 £ 1.66 7755 £ 335 7264 £ 055 88.07 £ 1.02 76.44 £ 2.06 79.88 £ 1.65
CS-Net (Mou et al,, 2021) 79.69 + 3.66 60.18 +7.54 68.50 + 5.54 81.06 + 2.87 62.24 £ 576 7361 + 4.49
‘TransUnet (Chen et al., 2021) 83.95 + 1.64 68.82 % 3.39 7475 £ 0.76 88.12 % 0.85 76.54 £ 1.72 7970 £ 1.37
SwinUnet (Cao et al., 2022) 85.24 + 147 7180 + 298 73.64 0.94 sessler | G7sx 339 6874 £ 1.72
ConvUNext (Han et al,, 2022) 88.67 £ 127 79.10 £ 255 73.35 % 0.36 91.99 + 1.31 84.65 + 334 78.06 + 1.44
Previously Proposed (Li et al., 2023) 8930 + 122 79.96 + 2.57 78.13 £ 0.73 92.09 £ 0.59 84.93 £ 125 81.97 £ 0.82
Ours 90.27 + 1.87 82.45 + 3.80 78.54 + 0.44 9315 + 0.73 87.17 £ 1.53 83.02 £ 0.70
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acterizes

Age (years)

Age distribution range (years)
Sex

Male

Female

‘Tear meniscus height (mm)
 Non-invasive first TBUT (s)
Non-invasive average TBUT (s)
Conjunctival congestion

0sDI

Allergy group
11.78 £ 6.77

5-77

153

99

026 £ 0.10
865 £ 6.31
10.53 +6.26
L1£052

833£76

121

79

044 £ 0.08

10.48 £ 2.58

11.56 + 3.67

097 £ 030

4.00 £ 050

p-Value

>005

>005

<0.0001

0.0002

02366

00116

<0.0001
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Group 1 ipsilateral eyes before CAS

103.96 + 11.56

13542 £ 12.17

1573 + 2.46

15525 + 1651

186.84 + 18.65

1579 + 365

073 £0.09

Group 1 ipsilateral eyes after CAS

10802 + 1148

13956 + 1226

1577 +2.38

150.82 + 15.68

18223 £ 17.87

1571 £ 412

077 £0.09

~14785

-13.177

-0212

3712

4935

0202

-10.995

<0.001

<0001

0.833

0.001

<0001

0.841
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p 1llpsilateral eyes after CAS up O right eyes value
10802 + 1148 11467 £ 1186 2,958 0.004
139.56 + 1226 14691 + 12.36 | 3.105 0002
1577 £2.38 1612 £ 2.63 0727 0469
15082 + 1568 14991 +17.33 | 0287 0775
18223 + 17.87 177.49 + 1835 | -1.363 0.176
1571 + 412 1379 + 316 | -2.740 0.007
077 £ 009 0.83 +0.07 | 3759 <0001
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Group llpsilateral eyes after CAS Group O left eyes

108.02 + 11.48 11446 + 979 3.156 0.002
13956 + 12.26 | 14733 £ 10.81 3515 0.001
1577 + 2.38 [ 1644 221 1519 0132
150.82 + 15.68 15021 + 1652 ~0.198 0.843
18223 £ 17.87 [ 17801 + 166 [ -1279 0204
1571 £ 412 139 £ 3.37 -2515 0013
077 £ 0.09 083 £0.07 3.698 <0001






OPS/images/fcell-12-1467374/fcell-12-1467374-t007.jpg
Group 1 ipsilateral eyes before CAS

10396 + 1156
13542 £ 1217
1573 + 246
15525 + 1651
18684 + 18.65
1579 + 365

073 + 009

Group 1 contralateral eyes before CAS

11118 + 1023
1434 £ 9.03
1611 +26

15267 £ 17.92

18345 + 1841
1539 +3.14

079 £ 0.09

T value

-9.361

-6.862

-0.830

0956

1132

0645

-4.247

P value

<0.001

<0001

0411

0344

0263

0522

<0001
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Group 1 ipsilateral eyes after CAS

10802 + 11.48

13956 £ 12.26

1577 +2.38

150.82 £ 15.68

18223 £ 17.87

1571 £ 412

077 £ 0.09

Group 1 contralateral eyes after CAS
11047 £ 1069
143.6 £ 9.09
1656 + 2.82
147.34 + 1865
179.48 + 1817
1607 + 400

0.81 £ 0.09

-3.449

-1713

1157

0859

-0548

~2.150
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The left eye  Therighteye T valu P value
RALD 11446 £ 979 11467 = 1186 0299 0766
‘ RAOD  147.33 = 1081 14691 * 1236 0490 0.626
‘ AWT 1644 £ 221 1612 + 263 ~1151 0254
‘ RVLD | 15021 + 1652 14991 1733 o3 0764
" RVOD | 17801 + 166 17749 £ 1835 0505 0615
vwr 139 £ 337 1379 + 316 0337 0737
AVR 083 007 0.83 +0.07 0065 | 0949
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Group 1 ipsilateral eyes before CAS Group 0 right eyes

‘ RALD 103.96 + 11.56 11467 + 11.86 4752 <0001
‘7 RAOD 13542 £ 12.17 14691 + 1236 4870 <0001
‘ AWT 1573 + 246 | 1612 +2.63 0792 | 0430
‘ RVLD 15525 £ 1651 14991 £ 17.33 | ~1.639 0.104
‘ RVOD | 186.84 + 18.65 | 17749 + 1835 | -2.630 | 0010

1579 + 365 1379 +3.16 -3071 0.003

073 £0.09 0.83 £0.07 6440 <0001
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Group 1 ipsilateral eyes before CAS up O left eyes T value
‘ RALD 103.96 £ 11.56 11446 + 979 5131 <0.001
’ RAOD 13542 + 1217 14733 + 1081 5409 <0001
AWT 15.73 + 2.46 1644 £ 221 1.576 0.118
RVLD 15525 + 1651 15021 + 1652 -1.589 0115
l RVOD 18684 + 18.65 17801 £ 166 615 | 0010
‘ VWT 1579 + 3.65 139 +337 2815 0.006
‘ AVR 073 £ 0.09 083 £ 0.07 6496 <0001
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Age

Diabetes

Smoking

Hypertension

Hyslipidemia

BMI

Group 0 Group 1

6231+ 8.11 65.66 £ 9.53

Male 23 (62.16) 14 (37.84)
Female 36 (50.00) 36 (50.00)
Yes 23 (63.89) 13 (36.11)
No 36 (49.32) 37 (50.68)
Yes 16 (50.00) 16 (50.00)
No 43 (55.84) 34 (44.16)
Yes 33 (47.14) 37 (52.86)
No 26 (66.67) 13 (3333)
Yes 14 (46.67) 16 (53.33)
No 45 (56.96) 34 (43.04)
2331 £ 3.69 2381 £29

-1.986

1456

2062

0377

3.845

0925

~0.764

0.050

0228

0151

0577

0.050

0335

0.446
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Model ACC
Ronneberger et al. (2015) 07936 0.9604 07621 0.9824
Orlando et al. (2016) 07332 07277 0.9712
Yan et al. (2018a) 0.9610 07633 0.9809
Alom et al. (2019) 07810 0.9622 07459 0.9836
Li et al. (2020) 0.8037 0.9620 07798 0.9822
Lv et al. (2020) 07892 0.9608 038176 0.9704
Du et al. (2021) 07813 0.9590 08195 0.9727
Li et al. (2016) 0.9581 07507 0.9793
Schlemper et al. (2019) 0.8180 0.9680 0.7954 0.9841
Alvarado-Carrillo and Dalmau-Cedeiio, (2022) 0.8098 0.9653 0.8042 0.9826
Liu et al. (2023) 08236 0.9672 08020 0.9794
Guo, (2023) 0.8021 0.9650 07645 0.9846
Kumar et al. (2023) 07875 0.9591 0.8443 0.9704
Ours. 0.8362 0.9741 0.8101 0.9869
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Model Fl-score ACC SE
M1 08323 0.9559 07947 09817
M2 08345 09563 08043 0.9805
M3 08390 0.9548 08553 0.9709
M4 08425 0.9557 08586 09713
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Model Fl-score ACC SP
Ronneberger et al. (2015) 07116 08955 | 08125 09783
Zhang et al. (2018) 07461 09098 | 09170 09578
Gu et al. (2019) 07511 09121 | 09167 | 09605

Jin et al. (2019b) 07505 09118
Mou et al. (2019) 0.7608 09152 | 08641 | 09754
Yan et al. (2018b) 07663 09179
Ma et al. (2020) 07697 09182 -
Ours 0.8425 09557 | 0858 | 09713
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Model core ACC
BM 0.7979 0.9635
DR-2 0.8111 0.9654
DR-3 0.8117 0.9655
DR-5 0.8115 0.9656
DR-7 0.8119 0.9652
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Model Fl-score ACC SE
M1 07979 0.9635 07701 09845
M2 08117 0.9655 07986 0.9831
M3 08005 0.9650 07894 0.9836
M4 08195 09664 08071 0.9823
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M1

M2

M3

M4

0.7607

0.7649

07722

0.7747

07640

07730

07676

0.7757

09375

09408

09406

0.9415

09323

09362

09355

0.9688

0.7943

0.7824

0.8059

0.8072

0.7675

0.7602

0.7436

0.8141

09783

0.9840

09799

0.9807

0.9599

0.9659

0.9679

0.9801
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Model ACC SE
Ronneberger et al. (2015) 08142 0.9531 07537 0.9820
Fu et al. (2016) 09533 07603 0.9776
Yan et al. (2018a) 0.9542 07653 0.9818
Alom et al. (2019) 08171 0.9556 07792 0.9813
Li et al. (2020) 08192 0.9557 07890 0.9799
Feng et al. (2020) 09528 07625 0.9809
Lv et al. (2020) 08216 0.9558 07941 0.9798
Du et al. (2021) 08204 0.9556 07814 0.9810
Li et al. (2016) 09527 07569 0.9816
Schlemper et al. (2019) 08218 0.9610 07819 0.9834
Alvarado-Carrillo and Dalmau-Cedefio, (2022) 08269 09575 07966 0.9810
Liu et al. (2023) 08229 0.9561 07985 0.9791
Guo, (2023) 0.8289 0.9571 07934 0.9810
Kumar et al. (2023) 08262 0.9568 08053 0.9789
Ours 08195 0.9664 0.8071 0.9823
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Datasets Input size Learning rate Batch size Optimizer

‘ DRIVE 300 512 x 512 0.005 4 Adam
‘ CHASE_DB1 300 512 x 512 0.005 4 Adam

‘ ROSE-1 300 304 x 304 0.005 8 Adam
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Development External testing dataset
dataset
“Total no. of images 6374 1343
Institution ZEH NEH
Location of institution Wenzhou Ningbo
Smartphone model HUAWEI P30 VIVO X80 XIAOMI 125
Image format PG PG | PG
Image size (pixels) 4680 x 3456 4,032 x 3,024 2,592 x 1944
Training set Validation set Internal testing set | VIVO external XIAOMI external
testing set testing set
Defocused images* 6859 (145) | 138953 (145) 140/962 (14.6) 212/769 (27.6) | 152/574 (269)
Overexposed images* 283/4459 (63) | 60/953 (6.3) 62/962 (6.4) 81/769 (10.5) 70574 (12.2)
Underexposed images* 462/4,459 (104) | 99/953 (10.4) 100/962 (104) | 48/769 (63) 43/574 (7.5)
Images of poor cornea position* 319/4459 (72) | 681953 (7.1) 70/962 (7.3) 71/769 (92) 78/574 (13.6)
Images of incompletely exposed 463/4,459 (104) | 99/953 (10.4) 100/962 (10.4) 131/769 (17.0) 137/574 (23.8)
cornea®
High-quality images* 2284/ asoros (513) 490/962 (50.9) 226/769 (29.4) 94/574 (16.4)
4459 (51.2)

Miktxaie 10 oF fiacessiotal o, 1) iklees olheswis indcaind. SHIT Ttk P Maspital NI, Wingtic e Mossttl: THG. 506t piitess: growh:
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Classificati Presence of features

High-quality images Four-fifths or more of the cornea is clear

Low-quality images Meet any of the following criteria

Defocused images Focus is not on the cornea

Overexposed images Over one-fifth of the corea is unclear due to
overexposure

Underexposed images Over one-fifth of the corea is unclear due to
underexposure

Images of poor cornea position | Over one-fifth of the comea is indistinct because
the cornea position is not straight ahead

Images of incompletely Over one-fifth of the cornea is covered by eyelids
exposed cornea
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Independent Factor

Unstandardized coefficients

SC Beta
Gamma zone width 0272 Axial length ‘ 0054 0018 0339 2953 0.005
Diagnosis of DR ‘ -0.117 0040 -0339 -2954 0.005
Gamma zone area 0338 Axial length ‘ 0112 0040 0308 2810 0.007
Diagnosis of DR l 0345 0086 0441 -4.023 <0001

SC. standardized coefficients.
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Variables ta zone Gamma zone
Corresponding subzone width (mm) 044 £ 012 046 £ 0.17 0.88°
Corresponding subzone area (mm?) 082 029 078 £ 0.39 0.09°
7 Corresponding retinal vascular density (%)
Superficial capillary plexus (SCP) 3136 £ 555 3429 £ 637 0.003*
Deep capillary plexus (DCP) 3372£510 3978 £ 6.16 <0.001"
Corresponding choroidal vascular density (%)
Choroidal capillaries (CC) 49.65 £ 6.02 3938 £ 8.14 <0.001*
Middle-to-large choroidal vessel (MLCV) 2034 £9.10 2635 £ 9.80 <0.001"

" Student’s t-test.
* Mann-Whitney U test.
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Variables Beta width

Corresponding retinal vascular density (%)

P

Beta area

P

Gamma width

P

Gamma area

P

Superficial capillary plexus (SCP) ~0.06
Deep capillary plexus (DCP) -0.02
Corresponding choroidal vascular density (%)

Choroidal capillaries (CC) -047
Middle-to-large choroidal vessel (MLCV) 0.14

0.67
0.86

<0001
029

-002
-0.16

-045
017

087
022

<0.001
020

0.05
-0.38

-0.04
037

0.69
0.003

078
0.004

004
-042

-0.09
048

074
<0.001

049
<0.001

* P-value adjusted for axial length.
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Age (years)

Male (%)

BMI (kg/m?)
Axial length (mm)
0P (mmHg)
OPP (mmHg)
DBP (mmHg)
SBP (mmHg)
MAP (mmHg)
FPG (mmol/L)
HbALc (%)
UACR (mg/g)
TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)

LDL (mmol/L)

NDR (

60.1 +10.4
22 (47.8)
243126
242211
15230
506+ 82
789 +96

1318 £178

964 % 115
70£23
65+ 14
140 + 184
46+ 10
18+ 11
1302

2307

46)

NPDR (n = 44)

60592
32 (727)
24932
23910
151426
513 %80
808 96

1367 + 180
994 % 115
81+19
75415

1393 £ 2753
4910
20£22
13203

26+07

alue

084"
025%
037"
016
082
078"
038"
020"
023
<0.001*
<0.001%
<0.001*
012"
094
061"

009"

BMI, body mass index; IOP, intraocular pressure; OPP, mean ocular perfusion pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; MAP, mean arterial pressure; FPG, fasting
plasma glucose; HbA ¢, glycosylated hemoglobin; UACR, urine albumin creatine ratio; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

* chi-square test.
" Student’s t-test.
* Mann-Whitney U test.
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Variables NDR (n = 46) NPDR (n = 44) [2
Eyes with beta zone (%) 30 (652) 30 (68.2) 077"
Eyes with gamma zone (%) 32 (69.6) 28 (63.6) 055
Width of beta zone (mm) 045 +0.10 044 £0.13 070"
Area of beta zone (mm?) 084 026 080 £ 032 054"
Width of gamma zone (mm) 052 +0.18 039 £ 0.14 <0.001"
Area ufgamma zone (mm?) 0.96 + 0.44 057 £0.17 <0.001*
Beta zone vascular density (%)
Superficial capillary plexus (SCP) 3164 £ 580 3108 + 538 034
Deep capillary plexus (DCP) 3401 £ 6.09 3342394 0.66'
Choroidal capillary (CC) 4939 £ 6.42 4991 £ 5.69 074’
Middle-to-large choroidal vessel (MLCV) 1978 £ 7.99 20,90 £ 10.20 0.64'
Gamma zone vascular density (%)
Superficial capillary plexus (SCP) 3543 £578 3299 + 685 024
Deep capillary plexus (DCP) 3941 £ 652 4021 581 031"
Choroidal capillary (CC) 3994 £ 731 3875 £ 9.08 029"
Middle-to-large choroidal vessel (MLCV) 2936 £ 8.11 2290 + 1054 0.005'

* chi-square test.
" Student’s t-test.
* Mann-Whitney U test.
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Label relaxatiol

Input: Xy, @, and §

Output: H, @ and Z

Procedures:

Step 1. Use a classifier, e.g, Ridge to compute priori knowledge Py,

Step 2. Compute the Laplacian matrix Ly x

Step 3. Randomize H and w; under H20, )y = 1

Step 4. Set t=0 =

Repeat

Step 5. te—t+1

Step 6. Employ (Equation 6) to compute Z; )
Step 7. Employ (Equation 7) to compute wy
Step 8. Employ (Equation 8) to compute H

Until [Z,© - 2,V <107
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Imaging tests

Fundus
photography

FFA

Ultrasound

ocT

OCTA

Ultra-wide-angle
retinal imaging

FFA, fluorescein fundus angiography: OCT, optical coherence tomography; OCTA, of

Peculiarity

Non-invasive, most widely used and less costly;
However, the field of view is limited, making it
difficult to detect minor lesions

Invasive, highly sensitive, easy to observe changes
in microa and microvasculature, showing
leakage; However, it is time-consuming, and the
dye may cause adverse reactions

It is not commonly used and it is difficult to
directly observe fundus lesions

It can quantitatively measure retinal thickness,
check macular edema and epiretinal membrane,
and cannot directly show vascular lesions, but can

be stratified with Al

Vascular details are visualized and quantified, but
projection artifacts are formed

High resolution, wide field of view; But the
perimeter is distorted

Suitable situations

Initial screening, grading of diagnosis

Screening for DR in tolerable populations,
particularly for early lesions and observation
of macular edema and leakage

Concurrent refractive interstitial opacity
assists in the diagnosis of retinal detachment
or hyperplastic traction

‘There are no significant PDR changes but

significant visual acuity loss, mainly for DR
macular degeneration

When retinal vascular lesions need to be
analyzed in specific studies

Fundus examination

coherence tomography angiography.

Corresponding to Al models

IDx-DR, EyeArt, Retmarker, Google, SELENA,
Bosch DR algorithm (Pritam et al., 2017), EasyDL,
DeepDR (Lingetal., 2021), DeepDR Plus (Ling etal.,
2024), Medios Al PhelcomNet (Paisan et al, 2016;

Hasan and Siddiqui, 2023)

ResNet18 models (Gao et al,, 2023), etc, as well as
unnamed models

Not yet

'VGG16 CNN models (Ibrahim et al., 2020), CAD

systems, etc

VGG19 architecture (Le et al,, 2020), etc.,

RETFound model, DeepUWE-Plus system (Liu
etal, 2023), etc,,
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ype Stage Seen on an eye examinati

Simplicity 1 Have a micro-hemangioma or have a small hemorrhage ‘
it ‘There is a yellow “hard oozing” or bleeding
1 ‘There is a white “soft oozing” or blecding

Proliferative v ‘There is neovascularization in the fundus o vitreous hemorrhage

v ‘There is neovascularization and fibrous hyperplasia in the fundus

VI ‘There is neovascularization and fibrous hyperplasia in the fundus, complicated by retinal detachment
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Disease severity Seen on examination of mydriatic eye disease

No significant DR No abnormalities
Mild NPDR Microaneurysms only
Moderate NPDR Between mild NPDR and severe NPDR
Severe NPDR Presence of any of the following changes but no signs of PDR: (1) more than 20 intraretinal hemorthages in any of the four quadrants, (2)

venous beading changes in 2 or more quadrants, (3) significant intraretinal microvascular abnormalities in at least one quadrant, and no
changes in PDR

PDR One or more of the following changes: (1) neovascularization (2) vitreous hemorrhage or preretinal hemorrhage

DR, diabetic retinopathy; NPDR, non-proliferative

\betic retinopat]

T Srilieatine dibote sesanpatin:
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Classification

Single-image

Single-participant

ModelName Acc Precision Recall F1 95% ClI
Swin_transformer_base 0.8789 08702 095 0.9084 0.8996 0.8502, 09491
Swin_transformer_tiny 0.8684 08682 09333 0.8996 08977 08483, 09472

DenseNet121 0.8737 08871 09167 0.9016 0.8965 0.8438, 09491
Inception_v3 08632 08561 09417 0.8968 0.8802 08231, 09374
ResNet50 0.8684 088 09167 0898 0.8761 08155, 09366
ResNet152 08579 08605 0925 0.8916 0.8886 08354, 09419
Swin_transformer_base 0.8947 09167 09167 09167 0.9405 0.8166, 1.0000
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MSESSIDOR

SN ACC
SVM 92.11* 88.76* 90.45% 94.53* 9234 80.11° 87.56* 90.11*
Ridge 93.12¢ 85.43* 90.34% 93.34* 9245 8023 90.34* 89.23*
XGBoost 93217 86.27* 87.34* 92.53* 90.13* 79.61* 89.23* 93.12*
DT 9145 85.13* 84.23% 9245* 91.34* 8234 89.12¢ 9021*
7 RE 90.76* 85.64* 9043* 92.34* 92.19* 80.25* 90.12* 92.34*
Proposed | 98.43 9178 93.12 96.86 95.11 87.03 94.01 9634

*means the difference is at 5% significant level, i.e., p-value is less than 0.05. The best performance is marked in bold.






OPS/images/fcell-12-1484329/fcell-12-1484329-t003.jpg
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MSESSIDOR

SN ACC
Xie et al. (2023) 93.78* 90.11* 9117+ 95.76 94.34 83.46° 90.55* 92.45°
Zhou et al. (2023) 96.87* 89.45* 92.67* 94.12* 94.32 82,53 92.64* 92.65*
Luo et al. (2023) 9527 88.47* 90.90* 93.82* 91.18* 81.65* 91.45* 94.64*
Xu et al. (2024) 93.41* 87.67 90.55* 95.67 93.76* 85.32° 92.08* 93.36*
7 Zhang et al. (2020) 93.34* 87.90 92,09 91.98* 94.11* 85.32° 91.87* 95.87
Proposed 98.43 9178 93.12 96.86 95.11 87.03 94.01 9634

*means the difference is at 5% significant level, i.e., p-value is less thar

\n 0.05. The best performance is marked in bold.
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Notations Description

X Dataset of the k-th view

v Label matrix
H Nonnegative label relaxation matrix
U Luxury matrix
o, | Edge weight matrix of the koth view

Laplacian matrix of the k-th view

K Number of views

N Number of samples

w Weight of the k-th view
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\VEUELICH DPN DPN+ P value

n 37 57
Age (years) 547 £ 127 577+ 113 0.164
*Dibetes duration (years) 7765 137£76 <0.001 i
HbAIc (%) 80 (7.1,10.0) 87 (7.6,10.1) 0.186
BMI (kg/m’) 239 +34 24233 0.716
€GFR (mL min™' L) 1084 = 262 105.6 £ 37.8 0712
NDS 00 (00,20) 50 (30, 60) <0.001
SSNA (uV) 120 (9, 16.0) 50 (3.0, 8.0) <0.001
SSNCV (m/s) 550 (53.0, 60.0) 48.0 (39.0, 54.0) <0.001

BMI, body mass index; HbA ¢, Hemoglobin Al eGFR, estimated glomerular filtration rate; NDS, neuropathy disability score; SSNA, sural sensory nerve amplitude; SSNCYV, sural sensory
neiv condaction wlociy: Date St Rillows 4 ol dutriacon. we semsated o e . 5 ST F nok. {5 scptoned e niedian (PS5 P79,
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Categories of radiomics features

Number of features

Category description

GLCM 10 Gray Level Co-occurrence Matrix
GLRLM 15 Gray Level Run Length Matrix
GLSZM 15 Gray Level Size Zone Matrix
NGDTM 7 Neighborhood Gray Tone Difference Matrix
LBP 256 Local binary patterns
MRELED 900 Median Robust Extended Local Binary Pattern
BPPC 1,087 Binary Pattern of Phase Congruency
e 2048 Improved Weber Local Descriptor
GDP 256 Gradient directional pattern
Y 512 Local Frequency Descriptor
MBC 3,090 Monastic Binary Coding
LTeP 256 Transition of intensity change in different directions over a local area
GLOBAL 3 Frst-order statistical features
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(e, Ridge) (e, Ridge) Tatele

Empiicl risk regularizations X2, = I + w2 =¥ 400w 4w o

‘Structure sk regulsrzaions me. =m0 + ZNma “xa a0

Consisteney rgularzaion: (Xt~ 061)+ (K32 06#y)
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Deep neural networks A MSE R?

U-net ‘ 0.605 0375 0171 | 0331
VGG19 ‘ 031 0.185 0559 | 0758
ResNet50 ‘ 0259 0.154 0631 | 0798

Method in this study ‘ 0253 0.136 0676 0831
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Surgical parameters Range

Wavelength/nm 1,053
Pulse duration/fs 400
Pulse emission frequency/kHz 500
Optical zone/mm 65
The transition zone for astigmatism treatment/mm 0.1
Cap diameter/mm | 75
Cap thickness/pm 100-120
‘The line and spot separations/um 45

» Cap side cut angle/" 90

 Incision width/mm 2
Energy/n] 135
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Categories The number of patches

3% ~ 4% >4% Total

Training set 1296 1418 sy 3271
Verification set 162 472 70 704
Test set 161 236 70 467
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GEO accession Platform Species

GSE58331 GPL570 Lacrimal gland 8 7 Homo sapiens
GSE105149 GPL570 Lacrimal gland 4 7 Homo sapiens

GSE58331 GPL570 Anterior orbit 27 21 Homo sapiens
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