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[ Abstract] Objective To analyze the trends in refractive error and ocular biological parameters in
elementary school students over 5 years, and to investigate the patterns of change before and after myopia onset.
Methods A cohort study was adopted. A total of 1 986 first-grade students from the Anyang Childhood Eye Study
were enrolled in this cohort study and their right eye data were taken for analysis,including 1 126 boys and 860 girls.
Every year, cycloplegic autorefraction was performed with 1% cyclopentolate eyedrops to obtain the spherical
equivalent (SE). The axial length (AL) ,anterior chamber depth,lens thickness, mean corneal curvature (Km) and
other parameters were obtained by ocular biometry. The lens refractive power (LP) was calculated using the Bennett
formula. The subjects were assigned to persistent myopia group, non-myopia group and new onset myopia group.
According to the age of myopia onset,the new onset myopia group was subdivided into the 8-,9-,10-,11- and 12-year-
old myopia groups to compare the differences in refractive error and ocular bioparameters among groups at different
time points of follow-up. This study adhered to the Declaration of Helsinki. The study protocol was approved by the
Ethics Committee of Beijing Tongren Hospital , Capital Medical University ( No. TRECKY2018-030) . Written informed
consent form was obtained from the guardians of each subject. ~Results All children had a gradual SE drift toward
myopia and a gradual increase in the AL with age, and there were significant differences in SE and AL between
adjacent follow-up ages within the three groups (all at P<0.05). The earlier the onset of myopia, the higher the
myopia SE and the longer the AL of the eye at the same follow-up age,the differences in SE between adjacent groups
were statistically significant (all at P<0.05) ,and the differences in AL between adjacent groups at the follow-up age
of 8 to 12 years were statistically significant (all at P<0. 05). In the nonmyopia group,SE drifted toward emmetropia at
a slow and steady rate of (—0.23+0.27)D/year,and AL also increased slowly and steadily at (0. 18+0. 13) mm/year.
In the new onset myopia group, the changes in SE in the third, second, and first years before myopia onset were
(-0.32+0.25),(-0.45+0.33),and (—-0.98+0.44)D, and the increases in AL were (0.25+0.12), (0.32%
0.15) ,and (0.48+0. 19) mm,respectively. Both SE and AL change rates began to accelerate before myopia onset and
slowed down after myopia onset, with statistically significant differences in the overall comparison of SE and AL change
rates at different time intervals before and after myopia onset (all at P<0.001). The AL at myopia onset in boys was
(24.11+0.70) mm, which was longer than (23.60+0.66)mm in girls (¢=159.71,P<0.01).LP decreased with age
in all groups,with a faster rate before the age of 9 years and a slower rate after the age of 9 years. The mean decrease
rate in LP was (—0.48+0.19),(-0.44+0.20),(-0.49+0.16),(-0.51+0.18) ,and (-0.48+0.19)D/year in
the persistent myopia group and 8 ~ 11-year-old myopia group, respectively, which were significantly faster than
-0.42+0. 17 D/year in 12-year-old myopia group and (0.37+0. 15)D/year in nonmyopia group (all at P<0.05).
There was no statistically significant difference in Km among groups at different follow-up ages (all at P>0.05).
Conclusions The AL begins to grow at an accelerated rate 3 years before myopia onset,and the increase rate of the
AL slows down after the onset of myopia, but it is still significantly faster than that of non-myopic children. In this
process, the decrease in LP plays a compensatory role ;there is no significant change in corneal curvature. The AL of
males at the onset of myopia is longer than that of females at the same age. AL is an important indicator for the
prevention and control of myopia. It is important to consider gender differences and to pay more attention to the growth
rate when assessing AL.

[Key words] Myopia; Refractive power; Biological parameters, ocular; Axial length; Lens power; Eye;
Child; Longitudinal studies
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Table 1 Comparison of baseline data among different groups
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Table 2 Comparison of SE at different follow-up ages among various groups (xzs,D)
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VG SE L AR, P<0. 0555 8 2 U MLAL H A, " P<0. 0555 9 % AL EL 4, P<0.05; 5 10 %5 P41tk g, " P<0. 05545 11 % 3 41 e %k,
“P<0.05;5 12 H3E AL WAL, 'P<0.05; 541N 7 % AR, *P<0.05; 541N 8 2 H AR, "P<0.05; 541 9 %l A, 'P<0.05; 5411 10 4 H L,

1P<0.05; 5404 11 % tbA, " P<0. 05 CIRA R 4k VLT

SE - SR 3 R

Note; Compared with persistent myopia group, "P<0.05; compared with 8-year-old myopia group, "P<0.05; compared with 9-year-old myopia group,

“P<0. 05 ; compared with 10-year-old myopia group, ‘P<0. 05 ; compared with 11-year-old myopia group, °P<0. 05 ; compared with 12-year-old myopia group,

'P<0. 05 ; compared with 7-year-old within the group, *P<0. 05 ; compared with 8-year-old within the group,"P<0.05; compared with 9-year-old within the

group, ' P<0. 05 ; compared with 10-year-old within the group,’P<0. 05;compared with 11-year-old within the group,kl’<0. 05 ( Mixed-effect linear model )

SE :spherical equivalent
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Table 4 Comparison of AL at different follow-up ages among various groups (xs,mm)

AR BE 4 i AL

e HR %%
7% 8 % 9 % 10 % 11 % 12 %

4 T 4L 85 23.49+0. 74 24.05+0. 79* 24.5410. 85" 24.99+0. 90' 25.41£0.91' 25.73+0. 99"
8 A 136 23.10+0. 70" 23.67+0.72% 24.22+0. 74" 24.70£0. 75" 25.08+0. 78" 25.39+0. 84°**
9 %A 239 22.85+0. 64" 23.23+0. 66" 23.77+0.67™ 24.26+0. 70" 24. 66+0. 73" 25.01+0. 74"

% i 2R 271 22.76+0. 63 23.05+0. 65 23.3910. 68" 23.87£0.71" 24.29+0. 75" 24.70£0. 76
11 %4 262 22.65+0. 69 22.90£0. 70" 23.16+0.70™ 23.48+0. 72" 23.94£0. 72" 24.32£0. 76™
12 %35 350 22.58+0. 70 22.81£0.70% 23.02+0.70°" 23.230. 73" 23.48+0. 74° 23.96+0. 76
e[S i 643 22.49+0.72 22.70+0. 73" 22.90+0. 72" 23.07+0. 73" 23.2320. 75" 23.42+0. 78"

T SR T LA H AR, " P<0. 055 5 8 % UT LA gk, " P<0. 0555 9 % U ML LAk, ©P<0. 05545 10 % UE gl 20l , 'P<0. 0555 11 % 3 M4 Lh e,
°P<0.05;5 12 H3E AL L fE, 'P<0.05; 541 M 7 % L e, *P<0.05; 54114 8 % Hfk, "P<0.05; 541 9 % K4, 'P<0.05; 541 10 % &,
"P<0.05; 5414 11 % ok, “P<0. 05 AT RS HERIR ) AL: IR K

Note : Compared with persistent myopia group, “P<0.05; compared with 8-year-old myopia group, "P<0.05; compared with 9-year-old myopia group,
©P<0. 05 ; compared with 10-year-old myopia group, *P<0. 05; compared with 11-year-old myopia group, °P<0. 05 ; compared with 12-year-old myopia group,
'P<0. 05 ; compared with 7-year-old within the group,®P<0. 05 ; compared with 8-year-old within the same group,"P<0. 05;compared with 9-year-old within the
group,' P<0. 05 ; compared with 10-year-old within the group,’P<0. 05 ; compared with 11-year-old within the group,*P<0. 05 (Mixed linear model)  AL: axial
length
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g K B 4 5] (0.46+0.19) . (0.47+0.19) |
(0.44+0.18) . (0.38+0.17) . (0.33+0.18) . (0.25+
0.15)mm/4F, i & FIRIEMA, ZRHA %I E
(¥ P<0.05) 5 3 A0 & A= AF % R AL 3 K 3R B
PR AR L AF I A ) AL S K B i 2 R A
Gt L (¥ P<0.05) . H &4 d, AL PUiE ML
RAHTE 3 AT IR IR K IR A G K T
AR LR AT RIS AN IR B [B) Bt AL AF AR b i B EE
B, ESAGIEE X (F=30.19,P<0.001) , £ B 8] B
PR b 25 S A g it 2 L (F¥P<0.05) (£ 5)

8 XA 9 & i d] (10 & i Al (11 % i A4
12 2 3 AL e AR S MBS ) AL 435512 (23. 67+0.72) |
(23.77+0.67) . (23.87=0.71), (23.94 =0.72) F

26
« PRI
5k c « 8 5T B4
e <9 BT
=24t + 10 2341
g o 11 % e
3 ° 12 % IE R4
s
22 L 1 1 1 1 1
6 7 8 9 10 11 12 13

AR (%)
B2 SAZTKREFHALBFEFREMBE KinicfoRnsd
S5 1 WRBETT R L AAL AL IRBh I
Figure 2 Curve of mean AL change with age in each group of
children Large marker symbols indicated when myopia was detected at

the first follow-up visit AL:axial length

x5 HEAEMAHRERLZERMSAERER AL
ETHELE (x+s, mm)
Table 5 Comparison of the annual AL change among
different periods before and after the onset of myopia

in the new-onset myopia group (x*s,mm)

I 7] Bt HR %% AL AR i
PR A TS 3 A 880 0.25+0. 12
PERLR A TSR 2 4F 1118 0.32+0. 15"
PR AR 1 AR 1133 0.48+0.19™
PR A 4R 856 0.46+0.20™
B EAEE 1A 588 0.410.16™
F{H 30.19

Pis <0. 001

T SRR AR RIS 3 4R LU, " P<0. 05 S R AR R AR 2 4F L4,
"P<0.05; ST HI S 1 4 o, “P<0. 055 55 30 9 K Ak 2 4F LL B
"P<0.05 (B K Iy 24007 LD A ) AL IRAK

Note; Compared with the third year before myopia onset, ‘P<0.05;
compared with the second year before myopia onset,”P<0. 05 ; compared with
the first year before myopia onset, “P<0.05; compared with the year of

myopia onset, ‘P<0. 05 ( One-way ANOVA ,LSD-¢,test) AL:axial length

(23.96x0.76) mm ., S AL 2H 5 A A S LI fY) AL
AR, 2 A it L (1=159.71,P<0.001) , 4%
ERGE AR S A B AW AL B E R T4, 27
A G E X (3P<0.01) (£ 6) .

F6 BREANAEMEANZRNERLEEMAE AL LE5
(x+s,mm)
Table 6 Comparison of AL at new onset of myopia between

different sexes within each group (xzs,mm)

AT AL

45 IR %k 5 % i P i
8 &l 136 23.83+0.70 23.47+0.70 8.97 0.003
9 X IEMA 239 24.01£0.64 23.49+0.60 41.19 <0.001
10 % JE ML 20 271 24.07£0.69 23.67+0.66 24.13 <0.001
11 %R 262 24.24+0.64 23.62+0.67 57.91 <0.001
12 % M4 350 24.28+0.74 23.66+0.65 45.33 <0.001
BRI 1258 24.11x0.70 23.60+0.66 159.71 <0.001

T (MSEREA K 3R) ALK

Note: ( Independent samples ¢-test)  AL:axial length

2.3 LP BHEAER AL O

L 32 K 0 LP A A I 3 i R AIG E F, JHrp
11 2 3 A2 12 %7 35 A0 20 RN 3 3 A0 A 2 PN 45 A 40 Bl 1
ARG E] LP LB 25 5 A g it X (3 P<0.05) ;
9 ZL AL AN 10 B AN 7~ 11 % A AR Bl 15 4F 1%
] LP PbA 22 53 Gi it 2% B L (3 P<0.05) ; FF 4L ik
LA 8 B AL N 7~9 % MIAFBE I I 18] LP
BERHAEGRITFE L (HP<0.05) , FFLLipdid Ak
A 10 Zan A (11 2 A 12 2 3 A4 1)
T LP 2 F G2 E L (P>0.05) ;8 4 ik
MALE 9 ZIEMAL 7 & B LP b2 R ait = 8 X
(P>0.05) ;8 %L AL4LR 9 % L4l 7 % i LP A HoAh
MR, ZF A G B X (HP<0.05) (£ 7,4 3),
FRA Z ke LP T 9 Bl T R BRI, 9 % J5 T R
JEARGE (K 3) o FERBUIRY 5 AEWIE N, 82 4l .8 %
AL 9 AL (10 B in A (11 & i 4l LP 1%
TR BE 4> B R (-0.48+0.19) . (-0.44%0.20) .
(=0.49+0.16) . (=0.51£0.18) . (~0.480. 19) D/4F-, H]
WRT 12 Z ALY (-0.42+0. 17) D/AE FIAE 3 AL 41
1 (-0.37+ 0. 15)D/4E, 22 % ) F 48 it % 5 L (1
P<0.05) ;12 % ir Al SR AL LP 1 F& o B b 22
SIEGIHE L (P>0.05),
2.4 Km BRI 728 £0 1K 5L

FANZ KA Km Bl AR 8§ 58 0ok & A4 8 8 A8 1k,
25 2N AN [ B U7 A R 1] Km LR 22 R BT % 8 X
(HP>0.05) ; [7] — I 45 A AR 21 18] 52 K5 % Km HLS 22
ST FE L (HP>0.05) (K 8,18 4),
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x7 BRATEBEHER LP LLE (x2s,D)
Table 7 Comparison of LP at different follow-up ages among various groups (x=s,D)
AN [F BE VT AR LP
21 51
7% 8 4 9 % 10 % 11 % 12 %
Fegr 23.02=1. 44 22.06+1. 38" 21.41+1.55" 21.28+1.35 20.92+1. 40 20.63+1.43
8 4 A 22.84x1.36" 22.26+1.37% 21.42+1.50" 21.18+1. 30 20.72+1.36% 20. 62+1. 60
9 44 22.93+1.38 22.14£1. 53" 21.55+1.37" 21.13+1. 35 20.81x1. 47 20.67+1. 33
10 & 354l 23.16+1.33° 22.47+1.34° 21.85+1.36" 21.49+1. 36" 20.88+1. 42! 20.61+1.30
11 A 23.18+1.44 22.64+1.39* 22.06=1. 40" 21. 66=1. 44! 21.19+1. 45 20. 84=1.50"
12 A 23.18+1. 40 22.63%1. 35" 22.11=+1. 42" 21.80x1. 38 21.34£1.51 20.94+1.50"
JEE A 23.19+1.37 22.70+1. 42¢ 22.19+1. 41" 21.94x1. 40' 21.58=x1. 44" 21.31x1. 42"

G SE AL A, P<0. 0555 8 6 U MLAL Hi g, " P<0. 055 9 4 I AL L4, P<0.05; 5 10 35 P41 E g, " P<0. 05545 11 % 3 41 Ak,
“P<0.05; 5 12 HIEHAL 8, 'P<0.05; SALN 7 % WAL, P<0.05; A 8 % LB, "P<0.05; 54 9 F LLHE, 'P<0.05; 54 10 ¥ L HE,
"P<0.05; 541 11 % WA, " P<0. 05 IR AR LP iR (A E

Note: Compared with persistent myopia group, “P<0.05; compared with 8-year-old myopia group, "P<0.05; compared with 9-year-old myopia group,
“P<0. 05;compared with 10-year-old myopia group, 1p<0. 05 ; compared with 11-year-old myopia group, “P<0. 05; compared with 12-year-old myopia group,
'P<0. 05; compared with 7-year-old within the group, *P<0. 05; compared with 8-year-old within the group,"P<0.05; compared with 9-year-old within the
group,' P<0. 05 ; compared with 10-year-old within the group,’P<0. 05 ; compared with 11-year-old within the group,*P<0. 05 ( Mixed-effect linear model)

LP :lens refractive power

*8 BHEZKERFMPEHF Km L& (xxs,D)

Table 8 Comparison of Km at different follow-up ages among various groups (x=s,D)

A FAE#E Km
25
7% 8 % 9 % 10 % 11 % 12 %
FEgL Tl al 43.68+1.35 43.65+1.30 43.45+1.21 43.58+1.33 43.62+1.40 43.62+1.40
8 Bl 43.42+1.52 43.40+1.51 43.33+1.51 43.36+1.48 43.49+1.49 43.49+1.49
9 %M A 43.57+1.30 43.54+1.29 43.45+1.31 43.61+1.30 43.39+1.35 43.39+1.35
10 % 3 M2 43.37+1.38 43.38%1.37 43.31x1.31 43.37+1.38 43.38%1.27 43.38%1.27
11 % ik 4 43.37+1.49 43.34+1.49 43.34+1.44 43.28+1.50 43.40+1. 46 43.40+1. 46
12 % 5E e 43.32+1.41 43.28+1.38 43.25+1.38 43.27+1.39 43.28+1.40 43.28+1.40
eS| 43.22+1.39 43.19+1. 39 43.15+1.40 43.13+1.39 43.16+1.42 43.16+1.42
TE: (R AR RERAD)  Km 735 5 il %
Note ; ( Mixed-effect linear model) ~ Km:mean corneal curvature
24 45
» FRELIEAAL * FREEI AL
i - 8% HAL 8 % iEHLAL
a < 9B ERAL R * 9 LT IAL
a a - . ,
S ot 10T AL = —_—— - 10T Al
oy 2 E.. &Sﬁ -
B o 11 % sl —————— o 11 ZEH4L
21 = 124 A @124 A
s Rl B
20 I 1 I I I I 42 I 1 L 1 L 1
6 7 8 9 10 11 12 13 6 7 8 9 10 11 12 13
F (%) AR (%)

B3 HEAZTKREFHLP BMERKTUEE KRS LIRS 1
WHBYI & B AL P« @R (A Ot )

Figure 3 Curve of mean LP change with age in each group Large
marker symbols indicated when myopia was detected at the first follow-up

visit  LP:lens refractive power

B4 BAZHENKm BERTUHE KIRCHTRRE 1K
BV 2 AT BLAL Ko o P2 R 56

Figure 4 Curve of Km change with age in each group Large
marker symbols indicated when myopia was detected at the first follow-up

visit Km:mean corneal curvature
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