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[ Abstract] Objective To observe the safety and efficacy of 0.01% atropine eye drops in the prevention of

myopia onset in schoolchildren. Methods A randomized double-blind controlled study was conducted. Sixty
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Chinese Han children (60 eyes) with binocular spherical equivalent (SE) between +0.50 D and —0.75 D ( pre-
myopia) by cycloplegic autorefraction treated in The First Affiliated Hospital of Zhengzhou University were enrolled
from July to October 2020. Aged 6—12 years old, the children were divided into 0. 01% atropine group and control
group according to a random number table,with 30 cases (30 eyes) in each group. The children were given one drop
of 0.01% atropine or placebo eye drops in both eyes once a night. The SE, axial length ( AL), accommodative
amplitude and pupil diameter were compared before and after 3-month,6-month of treatment between the two groups.
Discomforts were recorded. This study adhered to the Declaration of Helsinki. The study protocol was approved by an
Ethics Committee of The First Affiliated Hospital of Zhengzhou University ( No. 2020-KY-286). Written informed
consent was obtained from guardian of each subject. ~Results After treatment,26 and 25 subjects completed the 6-
month follow-up in 0. 01% atropine group and control group,respectively,among which 3 subjects in 0. 01% atropine
group accounting for 11. 5% and 9 in control group accounting for 36. 0% developed myopia, showing a statistically
significant difference (X*=4.238,P=0.040). There were significant differences in the overall comparison of SE and

AL at different time points between before and after treatment (F, =10.981,81. 854 ;hoth at P<0.001). At 3 and 6

months after treatment, there were significant increases in the SE and AL of control group and AL of 0. 01% atropine
group compared with respective baseline values (all at P<0. 05). There was no significant difference in SE at 3 and 6
months after treatment compared with baseline SE in 0. 01% atropine group ( both at P>0.05). At 6 months after
treatment , the change in SE in 0. 01% atropine group was (=0. 15+0.26) D ,which was significantly less than (-0. 34+
0.35)D in control group, and the change in AL in 0.01% atropine group was (0.17 0. 11 ) mm, Which was
significantly shorter than (0.28+0. 14) mm in control group,with significant differences between them (1=2.207,P=
0.032;t=3.127,P=0.003). There were significant differences in pupil diameter at different time points between

before and after treatment (F,  =2.263,P=0.032). At 3 and 6 months after treatment, the pupil diameter was

time
increased in comparison with baseline in 0. 01% atropine group ( both at P<0. 05). There were significant differences
in accommodative amplitude at different time points between before and after treatment in the two groups ( F

0.882,P=0.042; F

group
ime = 0.337,P=0.033). The accommodative amplitude at 3 and 6 months after treatment were
decreased in comparison with baseline in 0. 01% atropine group and control group at corresponding time points (all at
P<0.05). Within a month after treatment, photophobia in bright sunlight occurred in 5 cases in 0.01% atropine
group , accounting for 16.7% (5/30), and 2 cases in control group, accounting for 6.7% (2/30), showing no
significant difference (X*=0.647,P=0.421). No near-vision blur and other uncomfortable symptoms was found in
the two groups. Conclusions After 6-month application of 0. 01% atropine eye drops,the prevalence of myopia in
pre-myopia schoolchildren decreases and the changing rate of SE and AL slows down. The accommodative amplitude is
slightly reduced and pupil diameter is slightly increased,with no obvious effects on study and life.
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Table 1 Comparison of demographic characteristics of subjects with 6-month follow-up between two groups
o [ . v . . . 1T 3H
a3 i GESTE i 4 913 WAEEE EALAR SE AL R
) St e (xxs, )" (ws,kg/m>)"  (xss,mmHg)" (x£s5,D)" (xts,mm)” (xxs,D)" (x£s,mm)" <7+/ D)’
xS,
X B 4 25 12(48.00% )  8.66+1.87 17.01£2.13 17.01£3.20 15.02+3. 00 5.94+0. 82 -0.22+£0.29  23.62+0.84  42.75+1.25
0. 01% Py $E & 41 26 11(42.31%)  8.43£1.47 16.46+2. 57 16.67+2.28 15.06+3.25 5.97+£0.65  -0.18+0.32 23.47:0.74 42.91x1.18
X Al 0.167 0.489 0. 830 0.438 0. 046 0. 145 0. 467 0.677 0. 470
Py 0.683 0. 627 0.410 0. 663 0. 964 0. 885 0. 643 0.501 0. 640
BB e o gt HER S R BLBVECR BB (n(%) )
il il % HEH - ) _ ) PR B i
(rag,pyr  (xEsmm)T G hou/d)T 2 Gy OCRBRUSARIER)  1CRBHJER) 2B
Xt HE 4 25 0.97+0.37  3.620.21 2.39+1.41 14.08+1.99 5(20.00) 7(28.00) 13(52.00)
0. 01%T 4T & 41 26 1.1120.53  3.66%0.17 2.331.29 13.92+1. 86 7(26.92) 8(30.77) 11(42.31)
X Al 1.090 0.749 0.159 0.297 0.547
P 1Y 0.281 0. 457 0. 875 0.758 0.761

Tee(asX? Ko b r BEAR 0 KR 36)

Note: (a:X” test; b: Independent samples ¢ test)
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o F-HUIS [8] ) + 2 (8 3+ S AL [8] + B 7 37 R [8]) + X (R H AR (8] ) 5 SE S35 BRBEHE 5 AL IR IS B2

1 mmHg=0. 133 kPa

#: Outdoor activity time = outdoor exercise time +outdoor leisure activity time; * : Nearwork time = 3 X

(homework time+reading time +smartphone time) +2 X ( time using computer+video game time) + 1 X ( time watching TV ) ; SE : spherical equivalent; AL axial

length 1 mmHg=0. 133 kPa
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Table 2 Comparison of SE between two groups at different time points (xxs,D)
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1E i AL % it T i F g =3.476,P=0.072; F = 10. 981, P<0. 001 ; oy o = 3. 822, P= 0. 040. 54 [ 411 5 & (4t
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Note: F,,, = 3.476,P =0.072; F .. =10.981,P<0.001; F, . .cion = 3-822, P =0.040. Compared with

FREAEGEIERE L (Fyy =
0.343,P =0.563) , 34 47 i J&

respective baseline value,*P < 0. 05; compared with respective after 3-month treatment,”P < 0.05 ( Two-way
repeated measures ANOVA | LSD-¢ test)

SE : spherical equivalent
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Table 3 Comparison of AL between two groups at different time points (x=s,mm)

A TEV I ] A AL
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TE :Fyyy =0.343,P=0.563; F = 81. 854, P<0. 0015 F 1y =7.760,P=0.005. 54 [ 4 4 3

LA HAE,“P<0.05, 54 4L NI IE 3 A A H B, P<0. 05 (T &2 ) 4k 9 (R % Jy 2 43 M7, LSD-¢
Keg) AL AR B2
Note: F,,,,, = 0.343,P=0.563; F

group = s s £ time

=81.854,P<0.001;F,

5 Dinteraction

=7.760, P =0.005. Compared
"P<0.05

with respective baseline value,”P<0. 05; compared with respective after 3-month treatment,

(Two-way repeated measures ANOVA ,LSD-¢ test) AL:axial length
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Table 4 Comparison of SE increase after 6-month treatment between subgroups
divided by baseline SE and age (xxs,D)

ALk SE JLEE SE 3 it ANTi) B 2R AR I JLZE SE 3 fin i

ZH

% <-0.12D M >-0.12D Wi <9% WE >0

Xif B 2] 12 -0.41+0.38 13 -0.27+0.33 14 -0.34+0.26 11 -0.35%0.35
0. 01% B[ 4% i 21 12 -0.11+0.22 14 -0.19+0.23 15 -0.12+0.27 11 -0.19+0.19
X% 2.367 0.735 2.232 1.332
P{a 0.027 0. 469 0.034 0.198

T (IS HEA R %)  SE SRR BTE

Note: ( Independent samples ¢ test) SE:spherical equivalent

RS MEEZSEMEHLNER2ANEEBTE64A AL EMEBLLE (x£5,D)
Table 5 Comparison of AL increase after 6-month treatment between subgroups
divided by baseline SE and age (xxs,D)

- AL SE JL# AL 3 A RIS AR W LT AL B4
o AR%E <-0.12D % =-0.12D HR¥ <9% Wi >9%

X R AL 12 0.30£0.12 13 0.26+0.16 14 0.29+0.15 11  0.270.19
0.01%BTE 54 12 0.13£0.10 14  0.19£0.11 15 0.16+0.11 11  0.17£0.08
i 3.770 1.333 2.675 1. 609
P{E 0. 001 0.195 0.013 0.123

TE ML REA ¢ K28y )  SE: SRR BT ; AL IR A< 8

Note: (Independent samples ¢ test)  SE:spherical equivalent;AL:axial length

®6 2 ABTHEARMNESELERLE (xxs, mm)

Table 6 Comparison of pupil diameter at different time points between

two groups (xxs,mm)

A TR I i 53 AL B4R

21 51 HR %k

B2 BITE 3 1A HITIE 6 N H
Xif HE 41 25 5.940. 82 6. 06+0. 67 5. 86+0. 60
0. 01% PA[FT & 21 26 5.97+0. 65 6.62+0. 63° 6.50+0.79°

Tt F =3 659, P=0.066; Fyy =2.263,P=0.032; F oy oy = 1. 428, P = 0. 040. 54 [ 414 3
LB H AL, " P<0. 05 (HE &2 I & W (K] 3% U7 28 70 M7 , LSD-1 4 463 )
Note:F,,, =3.659,P=0.066;F,,. =2.263,P=0.032;F,

group 5 U time 5 I interaction

=1.428, P =0.040. Compared
with respective baseline value,"P<0.05 ( Two-way repeated measures ANOVA | LSD-¢ test)
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FT 2ANERITHIE R E R E ST 0EE LR (x2s5,D)

Table 7 Comparison of adjustment range between two groups at different

time points (xxs,D)

BTHE i 41 SE 3k & 22 5 m B 5
FH A B 6 i i R A0k 2 L2 SE
AR S A A . Z I &

A TR B [6a) £ 9 3 i S8

B e L S AR

215 HR %k

A2k HITIE 3 A HI7E 6 1~ H BT & 2 % SE 3JF & fil AL fE &
Xof B 2 25 15.02+3. 00 15.49+2. 95 15.41+2. 88 7 20 5 Vi AR M | e R
0. 019% B 4 & 21 26 15.06+3. 25 13.67£2. 04" 13.87+1. 75

IT 0 R I, I 0.025% 1 0. 02%

T Fyy =0.882,P=0.042; F y =0.337,P=0.033;F oy =3. 895, P=0. 028. 54 A 41 4 B

A2, * P<0. 0555 4% [ I [A] A5 % IR 20 Lo 4, * P<0. 05 ( T 42 W0 4k 77 6 22 77 22 43 , LSD-¢ #6300 )
Note:F,,,, =0.882, P=0.042; F,, =0.337,P=0.033; F,., = 3.895,P=0.028. Compared with

respective baseline value,"P <0.05; compared with control group at corresponding time points, "P<0.05

(Two-way repeated measures ANOVA ,LSD-¢ test)

2505 14 H W ,0.01% 3G 4l 5 6] % B4
A 2 L EE B P A B S Y R B O, 43 5 16, 7%
(5/30) F1 6. 7% (2/30) ,2 A~ 2H F 6 9] b 48 2 5+
Gt L (X =0.647,P=0.421) ,
2.4 20HFHE LA ESHILEK

BIT 6 M HIFE I IR G 1A, X B4 A
0. 01% FFE 5 20 SE 435124 (0. 60+0. 35) D F1( -0.35+
0.41)D, AL 43 %] 2% (23.92+0.91) mm Fil ( 23. 66 =
0.61)mm, 5697 )5 6 > HAH I, 2 R ¥ LG it % &
X (¥) P>0.05) ., 0.01% B+ 5t 41 i £L E 42 A1 59 iR
BEAY 514 (5.9940. 71) mm F1(15. 18+3.44) D, 5497
HIAH EE, 22 S ¥ e ge it 2% 7 S (3 P>0. 05) ; Xf B2 i
FL AR R 10 B2 53 5] Oy (5. 89+0.77) mm 1 (15.33+
2.98) D, BR &AW B AL, SR RTFIR T S 6
A, 22 5 05812 3 L (¥ P>0.05)

3 g

AR, B N A 22 TE Y e SR M FE BT 4 ot ] 42
2 AR T g M ILE” /Y SE R AL I
K A e BTG RE S 28 A A R I 3 R
i1 L 3 WL AG R A % AN 48 . ERT, L Fang 281
— 5T [ Jo5tP AIF 5 A I AT L AT 0. 0259% i
FCAl 1 AR AT LL2E 4 A5 200 1 B HL 3 AR 1) & A R SE i)
EARALTT 0 EERS . P 6~12 % SE y+1.0~
-1.OD(SE<-1.0D & X HiEM) 1y 50 44 i #Hif 1]
JLEE ST R 0. 025% Bl 4T i 4 1 25 11 % BE A, 45 5% & 3
0. 025% Bl +€ i 41 £ 4F SE 78 k5 K (-0.14+0.24) D,
R T X B4 (0. 58+0.34) D, ¥ SE i Jié 46 58y 4F
PEJE AL, Fang 265 1 BF 58 v 4 BB 41 SE 4F 3 R it Ny
-0.58 D, 551 -0. 68 D 2255 /8 ;0. 025% [ T
i 4l SE 4E B R -0. 14 D, Bl /N FASHFSE 0. 01%
BTG A 4116 -0. 30 D, ABFSE 5 Fang % [ #F 58 b

BIHE & 7 2L T 0.01% BT 4%
il AR B BT G i B 3 R
R BT RCOA] R AL Sk B AR G
Pk Fang %" F 58 & B, B D
1 4,0. 025% B FE &b 240 1) 3 W0 &
Az SRR B LA TR RS 22 (SE [ 3 A4k T 1] 3 Jig
0.50 D/5E) 435 K 21% F1 8% , ¥IAIK T X FE 4 B 54%
A 58% ;i ASWF 5T Fiti 15 6 4~ A, 0. 01% Bl 5T iy 41 Fn % &
IR AR 5 R 11 5% F0 36. 0% , 30 41 & A= 58
14 2 5 1T R 55 B 7 B TRD S ] 30 A 0 o SCAN [) B Jik
2 SE AR A

AWFSE R B, AT L A 0. 019% B 46 &b
J& 6 AT AEXT T IR, L SE T AL $5 il 28 43 5 Oy
55.9%139.3% ., X FCRiEMILE" S 0.01%
BTG i, © A 4 TR XTI 76 N A IR 4 BE WL X R A
FER B, U255 148, L SE #8533y 21.0% .
32.9% 35.5%F1 43. 4% , AL #5543 51k 014, 6% .
19. 6% 1 22. 0% 7 Wil SE il i B Ak J5 i 2
JRFT AL B4 i) 38 BE 2 A5 iR g, IR LA L
KU 0. 01% By 58 97 205 W1 W p T 2 &3 #L i L
T ZE SRR F AT RE S 2 AR GRS L E 1) SE
AL Fifi B 5] A2 Ak 1) 3855 AN TR 4 56 . B9 & B L &
AT, SE F AL AR fb 3 B el Rk AR S, A ARk
TR g (H 0. 01% BT 5y A ] X SE Al
AL ARk 38 B DR LB 7 2000 4 H mi R IR R, B AR AL
HAP G i — B 5T . MO, ABFSE E B SE<-0.12 D
AR <9 % (1 LT, A T B 41, 0. 019% BT 46 5t 4%
il L SE i) 3 40 Ak Jr ) i AL AE K RUCR B AT
P, O LB R R ST 6 & B RS B R 45 AR
i B B B A AN A2, R I 2 AR AN SE i i AR AL
(g LB, AT DL A5 0. 01% Bl 4 & ok 4E 2% 35 00 19 &
A TR I R AR I AR A A AR AN A A A v R
PRI BB %

ARWFGE R, AT LT 25 0. 01% B 48
Ji M AL ELARBG KORIR R R R VAT S 3~6 N,
THEWRE XS L AR B BTG S e
F AP TR 6 AN A AL B AR
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YT K LY 0.53 mm, 1 0RF B R R4 1.19 D,
552U B2 T OUL BT B AR 9.3 4 LA
-2.70 D Y JLE ST 0. 01% P+ &4 o 1 48, L BH A2
ST 0.69 mm, VY 0E O R 161 D B
o AT LI, ERIT 6 AN HIHEIE ARG 14
HOO%H% i 20 32 3R R Y R R R AL AR K R
FIHARIKF . S5, 3697 6 A 59T 6 4 H IfE
1R T AN A AHEL, SE F AL ¥k Wi B A8 fk . 7297
ROOTIE T ALETI L E” A 0. 01% BT 4% 5 R L
W S0k 9 S RN, X 5 Chia 2577 56 F 3 ML 3 i
0. 01% PG it 2 4F 2R WL SRR N 1) BIF 58 25 SR AH B, AR
W5 32 1 1 AN G RE IR JEAE S 0. 01% BT HE & 1 4~ H
W ,16. 7% L t 32 7 A0 B 52 09 K BH G, 5 % B4
6. 7% M EAEFMIL, 25 TG %8 X, H2 44
o B A S F B 4 B R R o Fang 25 BESY &
B ,0. 025% B 48 i 41 3 AL 6 1 Lo R 16% , 55 5% 1
201 8% AH L TG W] f 25 5%, H. 2 434K th B i AR
GEATEAR, AR R — B AUFR M E AT
HILEE” S H 0. 01% F 6 5 e E%Tﬁfhlﬁtmﬁp
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SRR B R B AR B, 0. 01% BT 4E 41
%%w%%%%Eﬁﬁ%%%%E@ﬂﬁkﬁﬁ%&
i AR 0 TR G RE R B A T RE S 0T 25 4 Y T 2
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ABF G T Y 5 a5 02 R T BE HLOSUE F A7 4 B
5, MER 0. 01% B T it i N ¥ 1 B 30 90 2% 2 0k e 1)
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