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Abstract

¢ AIM.To automatically identify and quantitatively assess
myopia-related fundus structural changes by combining
non-mydriatic color fundus photography with an artificial
intelligence ( Al) - powered quantitative fundus analysis
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system and to further analyze the correlations between
these fundus parameters and spherical equivalent (SE),
axial length (AL), and age, providing the objective basis
for monitoring myopia progression and supporting the
formulation of personalized myopia prevention and
control strategies.

e METHODS. A cross - sectional study was conducted
enrolling myopic patients aged 18-50 y who underwent
myopia screening from March 2023 to December 2023.
Patients were stratified into three groups based on SE: the
-3.00 D <SE<-0.50 D group, the -6.00 D<SE<-3.00 D
group, and the SE<-6.00 D group; and into three groups
based on AL: the AL<24.5 mm group, the 24.5 mm<AL<
26.5 mm group, and the AL = 26. 5 mm group. All
participants received standardized ophthalmic
examinations, and 45° non - mydriatic fundus images
centered on the fovea were acquired. Automated image
analysis was conducted using an Al-powered quantitative
fundus analysis system. The main measured parameters
included optic disc rim width, optic disc diameter, cup
diameter, cup -to - disc ratio (C/D), foveal tessellation
density (FTD), peripapillary atrophy ( PPA)-to-optic disc
area ratio, PPA-to-optic disc width ratio, arteriovenous
diameter ratio, mean vascular curvature, and mean
vascular diameter. Intergroup differences in optic disc and
retinal vascular parameters were compared across
different SE groups and AL groups. Partial correlation
analysis was applied to evaluate the associations of SE,
AL, and age with quantitative fundus parameters.

e RESULTS:.: A total of 664 patients (664 eyes, all right
eyes) were enrolled in this study, consisting of 320 males
and 344 females, with a mean age of 22.70+6.77 y. Patients
were categorized into three groups based on SE. the
-3.00 D<SE <-0.50 D group (138 patients, 138 eyes, 74
males, 64 females, mean age 22.50+7.02 y), the -6.00 D<
SE<-3.00 D group (273 patients, 273 eyes, 122 males, 151
females, mean age 23.23+7.22 y), and the SE<-6.00 D
group (253 patients, 253 eyes, 124 males, 129 females,
mean age 22.23 £ 6.09 y). No significant intergroup
differences were noted in gender or age across the SE
subgroups (P=0.219, 0.221, respectively). Regarding AL,
patients were divided into three subgroups: the AL <
24,5 mm group (133 patients, 133 eyes, 58 males, 75
females, mean age 22.04+6.40 y), the 24.5 mm < AL<
26.5 mm group (386 patients, 386 eyes, 181 males, 205
females, mean age 22.95:£6.93 y), and the AL=26.5 mm
group ( 145 patients, 145 eyes, 81 males, 64 females,
mean age 22.63+6.70 y) , with no significant differences in
gender or age observed among AL subgroups ( P=0.091,
0.404, respectively). Optic disc diameter, cup diameter,
mean vascular curvature, and mean vascular diameter in
the SE < -6.00 D and AL = 26. 5 mm groups were
significantly smaller than in the -3.00 D<SE<-0.50 D and
AL<24.5 mm groups (all P<0.05/0.017). Partial correlation
analyses demonstrated that FTD, PPA-to-optic disc area
ratio, and PPA-to-optic disc width ratio were positively
correlated with AL and negatively correlated with SE (all
P<0.001). Age was positively correlated with FTD and
negatively correlated with mean vascular diameter (all P<
0.001).

e CONCLUSION: Refractive error and AL are key

determinants of myopia - related fundus structural
changes, primarily affecting optic disc morphology and
retinal vascular characteristics. The integration of non -
mydriatic fundus photography with the Al - powered
quantitative fundus analysis system enables objective
quantification of myopia - related fundus alterations,
providing reliable technical support for large - scale
myopia screening and for evaluating the effectiveness of
myopia prevention and control strategies.

e KEYWORDS: high myopia; Al - powered quantitative
fundus analysis system; color fundus photography; optic
disc morphology; retinal vessels
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-3.00 D<SE<-0.50 D 2 138(138) 74/64 22.50+7.02 -1.82+0.69 24.3420.89
-6.00 D<SE<-3.00 D £ 273(273) 122/151 23.23+7.22 -4.510.87" 25.3620.86"
SE<-6.00 D 4 253(253) 124/129 22.23+6.09 -7.70£1.72"° 26.49+1.12"¢
X/F 3.04 1.51 1075.43 228.79
P 0.219 0.221 <0.001 <0.001

1 :"P<0.05 vs —=3.00 D<SE<-0.50 D 4 ;°P<0.05 »s —6.00 D<SE<-3.00 D 4,

AN
i 0

L S U

470.57+68.62
473.47+67.08
461.09+72.01

-3.00 D<SE<-0.50 D 4
-6.00 D<SE<-3.00 D 41
SE<-6.00 D £

492.48+79.50 400.10+75.01
489.40+£65.25 411.45+80.41
481.10+£77.43 418.21+82.81

357.44+87.76
341.35+£83.10
343.56+£95.38

F/H 2.20 1.24 2.28 1.60
P 0.112 0.290 0.103 0.202
4yei ML ER(XES, um) AR B (X£S, um) C/D
K- EH 7K TFEH 7K EH
-3.00 D<SE<-0.50 D 41 1412.07+184.88  1705.80+304.04  644.01+£203.60 707.54+199.31 0.44+0.11 0.42+0.09
-6.00 D<SE<-3.00 D ¢H 1286.20+175.30" 1561.25+177.79" 522.44+178.24" 579.60+185.00" 0.40+0.10*  0.37+0.09*
SE<-6.00 D 4 1290.39+205.43" 1527.72+190.97" 515.70+182.63" 565.51+179.22" 0.39+0.10"  0.36+0.09*
F/H 23.44 32.23 24.85 29.08 13.24 16.83
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
il FTD PPA 5¥# WA PPA 5PlEviE FFKER WS FHSlE S rEER
B [M(Py,Pys) ] HWIM(Py,Pys)] FE[M(Py,Py5) ] t[g{ﬁ(icis) [M(Py,P5)] [M(Py,Prs),pm]
0.02 0.19 0.18 0.0007 75.64
-3.00 D<SE<-0.50 D ¢H 0.80+0.04
(0.00,0.06) (0.03,0.33) (0.07,0.31) (0.0006,0.0007)  (73.48,78.96)
0.05 0.39 0.34 0.0007 74.76
~6.00 D<SE<-3.00 D 41 1 , . 0.79:0.04 1
(0.02,0.08)"  (0.22,0.61)"  (0.21,0.48)" (0.0006,0.0007)  (71.89,77.70)"
0.07 0.48 0.37 0.0006 73.43
SE<-6.00 D 41 s L ., 0.790.05 y y
(0.03,0.13)™"  (0.32,0.76)""  (0.27,0.53)"" (0.0006,0.0007) ™" (71.27,76.73) "
F/H 72.49 105.81 95.54 2.05 31.28 22.86
P <0.001 <0.001 <0.001 0.131 <0.001 <0.001
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o) % (IR%) PEBIN (/2 1)) RIS (XEs ) SE(X%$,D) AL(X£S ,mm)
AL<24.5 mm 24 133(133) 58/75 22.04+6.40 -2.51+1.38 23.86+0.48
24.5 mm<AL<26.5 mm 4] 386(386) 181/205 22.95+6.93 -5.10+1.81° 25.52+0.54*
AL=26.5 mm 4 145(145) 81/64 22.63+6.70 =7.77+2.44"° 27.32+0.78"¢
X /F 4.80 0.91 266.94 1189.08

P 0.091 0.404 <0.001 <0.001
1 P<0.05 vs AL<24.5 mm 2 ;°P<0.05 vs 24.5 mm<<AL<26.5 mm 4,

R5 AR AL HEELE R M R M E RS LR
i FLATFERE (X ES, um)
A T~ S AN

479.61+62.82
471.33+70.59
449.17+68.91*

AL<24.5 mm 24
24.5 mm<AL<26.5 mm 4
AL=26.5 mm 4

496.69+76.18
491.32+67.37
466.06+81.33"

395.84+78.35
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354.33+£88.15
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KA FH K FEH K FH
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o FTD PPA S¥# T PPA 5UASEE ShKER n&SEHEE S esEsR
B [M(Pys,Pr5) ] H[M(Py,Prs) ] WIM(Py,Prs) ] [fi(xxs) [M(Py,Pss5)] [M(Py,Pss),pm]
0.02 0.23 0.24 0.0007 76.42
AL<24.5 mm 41 0.80+0.04
(0.00,0.04) (0.07,0.40) (0.11,0.35) (0.0006,0.0007)  (74.54,79.25)
0.05 0.40 0.33 0.0006 74.59
24.5 mm< AL<26.5 mm 21 1 , . 0.80+0.04 , ,
(0.02,0.08)"  (0.22,0.62)" (0.21,0.47)" (0.0006,0.0007)"  (72.02,77.64)"
0.09 0.52 0.37 0.0006 72.55
AL=26.5 mm 41 iy . . 0.77%0.05" 1 iy
(0.05,0.16)"*  (0.31,0.79)" (0.25,0.55)" (0.0006,0.0007)" (70.59,74.63)"
F/H 118.60 58.22 44.10 16.82 25.71 64.03
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

1 .*P<0.05 vs AL<24.5 mm 2 ;" P<0.017 vs AL<24.5 mm #H;°P<0.05 vs 24.5 mm < AL<26.5 mm #H;'P<0.017 vs 24.5 mm < AL<

26.5 mm4H .
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®6 MARMAMBRNELSZSHES - RIAMPREAXESTER

B AL SE AR
r P r P r P
FER AN s -0.096 <0.001 -0.012 0.656 0.031 0.233
T -0.123 <0.001 -0.035 0.183 0.022 0.414
LR -0.116 <0.001 -0.133 <0.001 0.045 0.091
A -0.032 0.229 -0.020 0.447 0.020 0.443
MEER K -0.043 0.101 0.030 0.251 0.050 0.057
TH -0.050 0.057 0.111 <0.001 0.001 0.995
MR E R K 0.022 0.401 0.103 <0.001 0.020 0.453
TH 0.028 0.284 0.125 <0.001 -0.011 0.690
C/D K 0.061 0.020 0.124 <0.001 0.006 0.834
S 0.052 0.049 0.103 <0.001 0.021 0.434
FTD 0.230 <0.001 -0.176 <0.001 0.272 <0.001
PPA S HAH 0.115 <0.001 -0.118 <0.001 0.054 0.042
PPA 5HETEHE L 0.117 <0.001 -0.107 <0.001 0.035 0.190
SFIKE R LU IE -0.139 <0.001 -0.021 0.421 -0.332 <0.001
A28 i -0.064 0.016 0.103 <0.001 0.024 0.360
A ER -0.224 <0.001 -0.066 0.012 -0.233 <0.001

A 5 MR TR 25 % 400 ) I 1 7 9 285 B £ 1 e B 41
A S I 5 A AR 28 ™ A B U A N B T30
SE R i SRR TR ] RIS IR AR
S A B AR R I T8 2 ) A SN R A v 3K e
N AR AN 2 8 25 38 T[] Je A | 38 AT g R B2 32
M2EFTIARE g J g n] M S el Y i
AR LT DL YRR Ak KRR D) B 1ML A5 3 0 B AR BT 9 il
PRI AR AT 35 0.72-0.90" | R 3L A% 45 7 vk
HIPERRIE S AR RIS 2 a0 Al RGit—2
Pede TR A i B s ik e, & m Ul FER S
KRB EE | B8 SIS 28k KRR IX 6 1 45 7 M A 43 %1, 0 L AE
FT B 5 A P R B g il o

FT & & & L M 2 B 2% P ( myopic macular
degeneration, MMD) A8 L AR A PR S | AN AN ik 285 IR AR
G RS &, 185 75 G HR OB FR 9 PR D) FEE 5 A8 K2 DA 1 g
REREAT AR P K 4 BB B VIARSC L TRATIR 50
N, EEDE B ARE S FT B R R 5 S
94.3%""  HAEF N, JL#E K& D4 H B FT J5 MMD
RS B TR AR BRTE B = A Rk FT kAR
TR TEbr, AW E T AT IRIE 2 B IbaHr iR 2 H
FTD X — A 3845, 4 FT M PG $E L 758y, A<
WFFEUESE , FTD BET A E5008 i A MR ey 3 i 3 K, i 5
BETE AL BB [ shbricffse gl R —80" , btk pe s
R E T AR FT AU UL JE b
JR 1o AU ) F B2 AR AR 0, B N MMD & AR R R Y %
BBRAE DY PR FT AT AR 5 00t R B A T WS % D)
FHOE, FTD /] 4E by 3 A0 A8 2 RIS 0F J 0 4 AiF 1 R 2%
fEh5

RIS FT BB 5 — LIRS &R ASHIF5E J AH O
A BT R FTD RifAF 14 38 2 e MG K X 5 21K
FEARBFFEAE R —5, Yan 271 10 a 9h1a ASI S
KT FTD BEAF I W10 Fe = — A 14 234 £
4-18% I L FOBF TS AR AL B A LR 34 ™) X R AR %

FHIME FT B9IE B, PT RE S5 00 0 (6, 28 1 iz A A ks
I o AR A R R ik % BRI R D 2 S A i A G R AT M
AL VIR G

AWESE N B2 B B IR il ¥y 154, PPA 540
FREFRLE S PPA 500 4% 98 BE L S AT MR R X 5 R
FTF OCT BN T ARiFERY PPA o AR 400 ™ 55 A2 B A G 1Y
WP as R —50 EAIEYE R, PPA J2 3T 01 B BER
SR E G 2, PPA AN 1 mm®, 3T A0 PE 25 40
P R A R A A B R A A & A XU 43l T v
229%F1 72% 2, AW 5T 3 ik HR RS A2 R A AT AT R G S
T PPA 50 TR L K T B bb BORS o s Ak, R AR Sy il A
RIS JR 1) & WL S I 48 A, ZE#20H] SE VAL SRR 22 N &R
Jei AR SEE AT B . PPA 5 00 435 1 R L AT 8% A7 AE
FHAHENE(r=0.054,P=0.042) , X — &5 5 524 AN BEh
PPA B4 I 3 K ST 458 AW &), FRATTHEN PPA
EJAEHY A OCIR T R S AR MR U LAE BAR Y B, 3
AHRPETTRE B35 5 | 3X 5 PPA Wl 4F % 18 A% 19 g B A= B
i —%, Hwang %57 g —3 K B, T ME PPA 5584
Pk PPA eI B ™ FE D6 B2 A B 10, A e B AL
S RTE IR TR ERDLMUME 22 57, 5 # R T Ak
51 % % FE F A% &% RPE - Bruch i 1B 47 1 ol 48 %5 47
I

AMGE e B, Bt L B IR A 1 A B AR
PR LA R4 L (B 2 328 ik /N s B 3 5 BB AE OCT WF
Y HP A 25 T AR B G RV R K AL B R B R 9 i AR AR
250 R 22 0T R IR T A A 2E VAN ) k2
25 OCT it LW 294 5 E @R, IR IE AR
FHHG (0 52 ) | K5 I 52 30 ST AR 235 46 5 T AR F 98 SR FH 1 — 4 HR
TSR MR 37 Bl A5 T B RS ), wE DA 58 38 i i A 95k = 4k R AIE
Jonas %510 $ Y 1 A 35 24 L AT RE X — IR 42 . AL 3 K
53¢ Bruch fEHF 1T (bruch membrane opening, BMO) N
) BB O MRS AL, PF: O A% L 5 5 AR 245 R, 51 &
AN B RE = 2458 (N2 BMO  H Z K I 1 402
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UL G AR TF 1) #5057, H AL S0 Brach JEEBE | &)
Bruch 21 Y UK I = Ye g AR A AE — 4k ER
DL ERR IR AL, nT RE T SO0 A% 2 A B B ok 2 L
TR/ N, BEAR , ATIF 58 002 380 Bt 30 400 1 Jo B AR i 3
P DO RS 0 45 22 P L I R A O R AE 1 AR, 5 R AR
ST A SE IR AH EDIE | F — A5 UE S A0 19X 5 o A 0 25 R
AR R TP AR REAE I K A BT B R B, X — IR
KA ZAUHISER BR8] . (1) MRl B A9 45 22 38 i 2 X f0
R R R ok 4 BBy A R e ME ML A o, 2R B Il AT A8 R 2%
JERRAG A5 Rl sh e 2 (2) 4 I 8 K R i 40 19 A
TR RARFEME T, & S RN S IR SR s AN it
Wi S & AR TP AR . H He 9 BT ATH
R BRE T R AL 5T, TV M b4 s 1 s S A0 A 25 I
998 19 B BRI A ——— 5 A A 1 LA AR ), A gy ke
BT B AZ O R B S S0 I L2 i A 4 R BRI A 2 A
TIE 33— & 3y e 0 00 0 A 28 1 A3 B AL ol B8 1 17 O e
AUk BVRR T e I R A e R v R ) BB A O 2 el A
FrAE s — B AR R B I A S MR AR £ % 5
ZE IS SO B B RRE

AR 1 B 2 F T AT R 48 S s B 3T 4 R 3
ARJFEAFAE (FT PPA L EIE 25 S LI I ML 45) 19 A sk e
T, BEE FTD X — b8 bn , I H 58 E S 5
TR A OCER , 25 R, FTD Bl 30 A0 B2 2508 o | R Al 3 <
RIS HE R R, TR Ay W S 400 £ 2 HIR DG g e % i
MMD RS 9 % 038 b , 76 7 /20 45 1A b LA Rk iy A A
e, PPA 500 A% L (R Bl A0 2 JR 1S K, 5 0 A0 B
AR RS AH G S A R W DS A A, 40 IR R I A e 3
P R S AR Y B BT B AR AR, RO T LR A fir
EAES A R T M el A A SR AR . AW AEAE — 5 R
BEL . (1) A B T 182 3 L I R ARG el 2 1Y) ) 285 i AR LA
(2)BEAR LA AR 32, ] AR IR i X 41 e S M R i 1) 4
HPEAL LTI, @ESOR R I R i 35 2 F R B (L= 2D
ARSI 5 AR RATI) Mgk ARG Z5 L, AL B
AR PG A 2 A3 AT A v S0 MR s A8 DA b A i 34
FTD & PPA 54045 HCARL Ay a0 A0 AR JEe e A ol 422 {3t 17 5
TH A B THESh KL A Sl R T3 TAER R, K
KT 2SR AR T R 5, i — 25 K0F ik
BB (AR RO AN (8L, A 5 3 v 32 30 MRS T 7 R At
A

55 SR B AR SO AR 2 o8

YE&E Bk A . 200 SO 5B 0L, WIS 5 H by
B K AR A e PSR 5 KOS R FR S BRI A SR
K& BHE T ; SR AGE R 5 RSB R R, BT A AR
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