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Association of axial length-to-corneal radius ratio on myopia progression among primary school students
in Jing’an District, Shanghai 2019-2023
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[Abstract] Objective To investigate the current prevalence of myopia and the progression of the axial length/corneal radius ra-
tio( AL/CR) among primary school students in Jing’an District, Shanghai, and to analyze the value of dynamic AL/CR monitoring
and elucidate its longitudinal association with myopia progression, so as to provide evidences for supporting myopia prevention and
control interventions. Methods From 2019 to 2023, by using a stratified cluster random sampling method, 17 624 students from
two primary schools in Jing’an District, Shanghai were selected for annual vision screenings in five consecutive years. Additionally,
a retrospective cohort of 480 eligible first-grade students identified in 2019 was followed up until 2023. The analysis focused on the
myopia prevalence and the trend in the AL/CR. Differences in screening myopia rates across different student groups from 2019 to
2023 were compared using the Chi-square test. The trends in myopia rates were analyzed using the Chi-square trend test. The
Kruskal-Wallis H test was employed to compare AL/CR and its annual increment across groups. A linear mixed-effects model was
used to identify factors influencing AL/CR, and a time-dependent Cox regression model was developed to predict the risk of myopia
onset. Results From 2019 to 2023, the screening myopia rates were 36.65%, 38.31%, 40.47%, 39.56%, and 39.76% for each
respective year. Cohort analyses revealed Grade 5 girls had significantly greater AL/CR increments than boys (Z=-2.05, P<0.05).
Linear mixed models identified baseline AL/CR (8=1.051, 95% CI=1.012-1.091), grade level (8=0.040, 95% CI=0.038-
0.042), and first-year AL/CR increment (8=0.788, 95%CI=0.733-0.843) as primary determinants (all P<0.01). Boys showed
slower AL/CR progression than girls (8=-0.003, 95% CI=-0.005 to—0.001, P<0.01). The time-dependent Cox model demonstra-
ted that both baseline AL/CR (Z=3.40) and its time-varying effect ( Z=10.41) significantly predicted myopia risk( both P<0.01) .

The effect of AL/CR on myopia risk significantly increased with follow-up time, and the growth rate exceeded a linear progression
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pattern. Conclusions AL/CR progression is primarily driven by baseline values and grade advancement, with slower progression

in boys. Dynamic AL/CR monitoring outperforms baseline measurements in predicting myopia progression. Students with rapid AL/

CR increments require early intervention.
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Table 1 Comparison of detection rates of screening myopia among primary school students from 2019 to 2023 in different groups
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Table 3 Mixed effect analysis of the influencing factors
of the AL/CR of the primary school cohort(n=480)

FIAE B1E(95%CI) FRfE o Pl
[ 2.830(2.816~2.833) 0.004 650.61 <0.01
P

5 0.002(-0.006~0.010)  0.004 046  0.64
AR 0.040(0.038~0.042) 0.001  47.87 <0.01
PR

B xFR -0.003(-0.005~-0.001) 0.001  -2.76  0.01
BMI

B 0.001(-0.004~0.006)  0.003 033 074

Jiliid 0.001(-0.005~0.006)  0.003 0.11 092

THE 0.003(-0.006~0.012)  0.005 0.58  0.56
H4k AL/CR 1.051(1.012~1.091) 0.019 5299 <0.01
H4k SE -0.008(-0.013~-0.003) 0.003 -3.00 <0.01
T4E AL/CR B K& 0.788(0.733~0.843) 0.028  28.10 <0.01
SRT

A, 0.001(-0.005~0.007)  0.003 040  0.69

FE LG 0.006( -0.005~0.016)  0.005 1.05 030

2.2.3  Er IR AR BRI A AR KU TR R R
SR AR B (H) AL/CR 1 BMI) B9 Cox [8] AL 15
W N2 A W ke 3 0 & A2 B XUS: . #5578 Concordance 48
M 0.813(SE=0.015) , 34k g 2 (X* = 283.52, P<
0.01), # g R Schoenfeld %% 25 12 46 E AR B A% [F 2
AN () SEAAF A H A XU A X

SRR AR BN A S KRS, 25 57 B GE 3 T
B (P=0.55) ; 5548 AL/CR Il AL/CR 28500
HG it L (P <0.01), HELE AL/CR 238N
1 ASBAE 3T R0 RV 38 0 134% ( HR = 2.34,95% CI =
1.43~3.83) ; AL/CR 5 35 A0 JXUIS: A9 52 Wi i i 177 B[] 33
o, AR HE I TG, 4 BML AR it 22 =
SCLHELE BMI B8 A0 1 B, KUK B8 A0 169% ( HR =
1.16,95%CI=1.08 ~1.25,P<0.01) , T BMI Fifi i} [7] 25
Ab S I 3G i RS ) e 4 (R IR B G4 X
(HR=1.40,95%CI=0.98~1.99,P=0.07) ,

3 itig

AW SE K LR AL/CR K 14 4F 36 & % 24 /i
AL/CREGTIIME 1 ik, 5 B PR R —3" ) AL/CR
YRR ER G E R 25 G 48 hn, L — IRl B T R
ST WL E 0 R (A R, sh A
AL/CRAY T 55 T LR AE . AL/ CR X3 20 XU 19
A R B S i B Y Y2 A a5 Y B B R 4
HET Hou 458 37 il L3 v i & B —4F it e
A L FE AR T R o0 G e, LR AL/CR N
ARG L A H R H | 6 v R A O sh R
T,

ARG A e P L AL/CR 3 HZMER A

BORIUESE 55 AR B A R ) % T oA, X — 4]
RE-S M R T LI YA G, 3h W S 5K 3% BH M3
TR AAAE 5300 % T A1) ) IS ol T 2 4 i 344 A A 2% AR
BB A WS Sh R T B A AT REE
WA LA S IR LG 7 550 B A
FH RS AL/CR Bl A B, [ P9 R
fa R 5 S 7R /N2 8 AR R A A P A Sl ) L 5 R
B 15%~20%"" XA ELG AT REMEE AT L L R, (E45
TR AT PR R N A AL/ CR B 1] 22
S EE L R E BB e R M 6, W
SRR R B T R

LANETR A O AL R AK Cox [ IS AR AL vh BMI
FRIZR N AEAEAS— B, H K Cox [A] AR 7Y rpr K28 BMI
I 1AL T BT 16% , 5 2 TR 5 4
g B BMI ] B T 3 4k AR R AT A
(1) BREZEREA R F—1 AT, 7 0 0 ke
FERAERKET-1 208 (R IR (2) Rig
PERAEF (WA 2 6) TP AN AP JL AR
WY (3) iR R D Bz (IERE L I3 KT B AR
32% ) HIl 55 2 LU A S LB ARG VE T T L R AR
BMI N ANA h ZGe i E 2578 X, H 3T H AR 0w 1 3L 4%
JRUBS R R, B 0K BMI 48 A A R 2R, Xof i i 2 A 5
Jiti B BT +E SR HE A T

ARG IR Cox MIHBIARIIESE AL/CR 3148 M
DT 5B T A KUBS: 0 2 T 22342 s /2 A
TRYZE WL AL/CR>2.90 5 5 4F 5 i >0.05 58
P AMESD (8 H =120 min) 25 (2) =91,
BMI 44 A AL F8 b, B 5 BMI 244 51 ok 05 A B,
W EATIRE T A B (3) = SR AR IF 5T
TFR B Cox [RIVARE R X2 2 HEAT KUK 40 )2 .

AWFFEAEAE— SR R FEA Nk |22 X 2 BT
SR, AN A2 PR 5 A SR A A B as A% | 3 R B AR B
P Ah iz Bl ] 54T A R 5 H i 98 G 7 SR IR UL
JPRIEL A5 1 T AT, A R AT O AL BRI RE & R A I
MR, FKRFIFRZ POmis, B Al 5 HIR
F1 R0 G 345 22 2 B R a4 ) A T Sy 4 T R A
(18 XS S A AR
FmMRER IAEEFHITNE MR,
5% 3k

(1] B A R LB 4RI )], 5 &R, 2025,
23(6) :5.
HOU Y J. How to effectively prevent and control myopia in children
and adolescents[ J]. Adolesc Health, 2025, 23(6) :5.(in Chinese)
(2] M, 203, AR ARSI S C U 1A A o e B S L A I
PRFFRONEELT ] ERIRBL A, 2019, 29(5) :375-379.



AR T AE 2025 4F 11 A58 46 455 11 ] Chin J Sch Health, November 2025, Vol.46, No.11

- 1649 -

[5]

(9]

[10]

[11]

[12]

[13]

CAO P, LI H L, ZHOU X J. Clinical observation of orthokeratology
on low, moderate and high myopia[ J]. China J Chin Ophthalmol,
2019, 29(5) :375-379.(in Chinese)

VANDERVEEN D K, KRAKER R T, PINELES S L, et al. Use of
orthokeratology for the prevention of myopic progression in children:a
report by the American academy of ophthalmology[ J]. Ophthalmolo-
gy, 2019, 126(4) :623-636.

rhie N RN [ 8 TAE (R 2R B 2. i /N 2R DB AN IE B
VL . WS/T 663—2020[ S]. JbaT . i E AR fEH AL, 2020.
National Health Commission of the PRC. Specification for screening of
refractive error in primary and secondary school students: WS/T 663—
2020[ S]. Beijing:Standards Press of China, 2020.(in Chinese)
BENNETT A G, RABBETTS R B. Clinical visual optics| M]. 3rd ed.
London ; Butterworth—Heinemann, 1998 .:102-105.
S, E 3 0L, 55 RAE 6~9 BN RG-S R A R B R
PRIGARSGHEJ]. P 245 TLAE 2024 ,45(7) :936-940.

QU Y B,WANG S,YANG B, et al.Correlation between refractive in-
dex and physical development index of primary school students aged
6-9 in Guangdong Province[ J].Chin J Sch Health,2024,45(7):
936-940. (in Chinese)

rhAE NRERNE K DA TR AE B 2 DLy, =it LT 4
o o S PR T S - WS/ T 586—2018[ ST bt . o [ s of H ik,
2018.

National Health and Family Planning Commission of the PRC. Screen-
ing for overweight and obesity among school-age children and adoles-
cents; WS/T 586-2018[ S]. Beijing : Standards Press of China, 2018.
(in Chinese)

A NRAEANE R DA RIAE B & . it LEE 4
BHRA R WS/T 456—2014 [ 8. b5t v B4 ofi th RAE:,
2014.

National Health and Family Planning Commission of the PRC. Screen-
ing for malnutrition in school-age children and adolescents; WS/T
456-2014[ S]. Beijing: Standards Press of China, 2014. (in Chi-
nese)

e N RSN K TR R 2. (LT AR I P 5E
ARSI (CEHAR) ) K% [ EB/OL]. (2021-10-13) [ 2025~
06— 22 . https://cdep. gd. gov. en/jkjy/ jkzt/hjyxxws/ content/ post _
3576091 .html.

THERNAU T M, CROWSON C S, ATKINSON E J. Using time de-
pendent covariates and time dependent coefficients in the cox model
[ R].Rochester;Mayo Clinic,2024.

MATSUMURA S, LANCA C, HTOON H M, et al. Annual myopia
progression and subsequent 2-year myopia progression in Singaporean
children[ J]. Transl Vis Sci Technol, 2020, 9(13) :12.
A, T R AR 7 30 40 B 4 3 v g o P B X SRR 2023
T gR2H. MR IR B T I R B 4 A S v it 0 R SRR (2023)
[J]. P IRR 2L 35,2024 ,42( 1) 1-11.

HE X G, XU X, Expert Group for the Expert Consensus on Axial
Length Monitoring in Myopia Management (2023 ). Expert consensus
on axial length monitoring in myopia management (2023)[J]. Chin J
Exp Ophthalmol, 2024, 42(1) :1-11.(in Chinese)

HOU W, NORTON T T, HYMAN L, et al. Axial elongation in my-

opic children and its association with myopia progression in the correc-

[14]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Y75 B HA . 2025-08-11

tion of myopia evaluation trial[ J]. Eye Contact Lens, 2018, 44(4) .
248-259.
MORGAN I G, FRENCH A N, ASHBY R S, et al. The epidemics of
myopia ; aetiology and prevention[ J]. Prog Retin Eye Res, 2018, 62
134-149.
GEROMETTA R. Steroid-induced ocular hypertension in normal cattle
[J]. Arch Ophthalmol, 2004, 122(10) :1492.
SAW S M, CHUA W H, HONG C Y, et al. Height and its relation-
ship to refraction and biometry parameters in Singapore Chinese chil-
dren[ J]. Invest Ophthalmol Vis Sci, 2002, 43(5) :1408-1413.
BERT, fffhs, T3, 5. FOFERCKE ST ENERELKE
AIBTTEERE [ T]. EIBHIBTEES%, 2019, 31(5) :338-343.
CHENG T Y, HE X G, WANG L, et al. Research progress of adoles-
cent refractive development and adolescent growth and development
[J]. Shanghai J Prev Med, 2019, 31(5) :338-343.(in Chinese)
RO, . P E LT A B R S B0 R R S SRR
[M]/ /iDL G, BESL T P L3 R R A (2020) . L AT
e B2 SRR AL, 2020 161-190.
WANG F B H, FENG Q. Current status, characteristics and practice
of physical activity among Chinese children and adolescents[ M ]//
China Children’s Center, YUAN L X. Annual report on Chinese
children’s development (2020 ). Beijing: Social Sciences Academic
Press (China), 2020:161-190.(in Chinese)
SCHERE W AtE , 2R 5w e | 45 9 /D AR N R T 3 A0 XU 114 5 i e A
SN L HE T AR TIT 2014 4F 3 2023 4T3 E5 IR (14 B IR 1f 1 BA B
FELT]. I BERE R 24,2025, 54(3) :204-207.
WEN Y Q,WEN Y,LI K F,et al.Influence and mediation effect of ad-
olescent obesity on myopia risk:a cross-sectional and cohort analysis
based on longitudinal study of Chengdu City from 2014 to 2023[ J].J
China Med Univ,2025,54(3) :204-207.(in Chinese)
SRR T A YU dh, 55 IGF -1 X HSF 4t Jfa 43 1 S A0 AH 56 IR
BRI B ALRIRER (1] FBRARB% K, 2025,25(2) :198-205.
CHAO R R,DING Z X,FAN ], et al.Effects of insulin-like growth fac-
tor—1 on the mechanism of myopia-related factors secreted by human
scleral fibroblasts[ J].Int Eye Sci,2025,25(2) :198-205. (in Chi-
nese)
JUNG S K, LEE J H, KAKIZAKI H, et al. Prevalence of myopia and
its association with body stature and educational level in 19-year-old
male conscripts in Seoul Republic of Korea[ J]. Invest Ophthalmol
Vis Sei, 2012, 53(9) :5579-5583.
YAZAR S, HEWITT A W, BLACK L J, et al. Myopia is associated
with lower vitamin D status in young adults[ J]. Invest Ophthalmol Vis
Sci, 2014, 55(7) :4552-4559.
HE M, XIANG F, ZENG Y, et al. Effect of time spent outdoors at
school on the development of myopia among children in China:a ran-
domized clinical trial[ J]. JAMA, 2015, 314(11) ;1142—1148.
BRI, IR, e, 5. RN A AR SC R R A3
BELJ]. RS T, 2021, 42(2) :185-189.
LUO CY, QI W], HE X G, et al. Analysis of myopia related factors
among primary and secondary school students in Shanghai[ J]. Chin J
Sch Health, 2021, 42(2) :185-189.(in Chinese)
1EE HH3:2025-09-23 AXHE: HHE



