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Abstract
e AIM: To evaluate the effect of 0.05% atropine on

the control of myopia for 2y (phase |) and on spherical
equivalent refraction (SER) progression for 1y (phase Il)
after its withdrawal in Chinese myopic children.

e METHODS: Totally 142 children with myopia were
randomly assigned to the 0.05% atropine group or to the
placebo group. In phase |, children received 1 treatment
for each eye daily. In phase Il, the patients received no
treatment. Axial length (AL), SER, intraocular pressure
(IOP) and atropine-related side effects were assessed at 6
months’ intervals.

e RESULTS: During phase |, the mean change of SER
was -0.46+0.30 D in the atropine group, compared to
-1.72+1.12 D in the placebo group (P<0.001). The mean
change of AL in the atropine group (0.26+0.30 mm)
was significantly shorter than that in the placebo group
(0.76£0.62 mm, P=0.002). In addition, in phase Il (12mo
after the withdrawal of atropine), there was no significant
difference in AL change from the atropine group, when
compared with that from the placebo group (0.31+0.25 mm vs
0.284+0.26 mm, P>0.05). Furthermore, the change in

SER from the atropine group was 0.50+0.41 D, which was
significantly lower than 0.72+0.60 D from placebo group,
(P<0.05). Finally, there were no statistically significant
differences in IOP between the treatment and control
groups at any stages (all P>0.05).

e CONCLUSION: The use of 0.05% atropine for two
consecutive years may effectively control elongation of
AL and thus progression of myopia, without significant
SER progression ly after atropine withdrawal. Therefore,
treatment with 0.05% atropine daily for 2y is effective and
safe.
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INTRODUCTION

yopia, short-sightedness or nearsightedness, is a major
M disease that develops primarily in childhood and early
adulthood, due to excessive elongation of the eye which causes
images from distant objects coming into the focus in front
of the retina, leading to blurred distance vision'!. In China,
the prevalence of myopia with cycloplegia has been reported
to range from 47.4% in children grading 1-9" to 65.48%
in children from 3™ year junior high school® though also
reported as low as 23.3% in children aging 6-17 years old"
(also reviewed in"). Therefore, it is crucial to find an effective
method to control its progression in China.
Myopia is characterized by increased axial length (AL)
of the eye, which causes the refractive error known as
“nearsightedness™®. Due to increased anterior-posterior
diameter of the eye relative to the refracting power of the
cornea and lens, the focal point of the image, anterior to the

retina, is blurred. For this reason, close objects are seen clearly
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while distant objects appear blurry or distorted. Myopia is
also characterized by the degree of refractive error. In myopia,
the spherical equivalent objective refractive error is less than
-0.50 diopter (D) but greater than -5.00 D, and high myopia is
defined as a spherical equivalent objective refractive error of
<-5.00 D in either eye by WHO'”, or a condition in which the
spherical equivalent refractive error of an eye is <-6.00 D when
ocular accommodation is relaxed by International Myopia
Institute (IMI Defining and Classifying Myopia: A Proposed
Set of Standards for Clinical and Epidemiologic Studies—
Myopia Institute).

Changes of AL closely associated with refractive error occur
most commonly and at highest rates during childhood and
puberty, which place school aged children at highest risk for
developing myopia™”. Due to rapid progression of myopia
during early childhood and puberty, early childhood is the
optimal period for the collective prevention and therapy of
myopia, and other serious eye diseases (myopic macular
degeneration and retinal detachment) from occurring later in
life”.

New spectacle lens and contact lens treatments provide alternative
methods to treat myopic progression. The Stellest and Defocus
Incorporated Multiple Segments (DIMS) spectacle lenses
have been granted “breakthrough device” status and Misight

114 These lens

contact lenses received FDA approval (2019)!
treatments are innovative with great efficacy. However, topical
atropine may also provide a more cost effective and widely
available treatment, as compared to the proprietary methods,
depending on the geographic areas.

Topical atropine solution has proven efficacy for treating
myopia by inhibition of myopic refraction error and axial

31 Clinical studies have confirmed that atropine

elongation'
may control the diopter and the growth of the axial axis at
the same time. The commonly used atropine concentrations
are 1%, 0.5%, 0.1%, 0.01%, and the control effect on myopia
is concentration-dependent””. Nevertheless, the side effects
after withdrawal are also apparent>”*. We have chosen
atropine at the dose of 0.05%, effective with minimal side
effects in our study, consistent with the optimal dose in the
low-concentration atropine for myopia progression (LAMP)

17,35-36

and other studies! !, though recent studies have also

suggested that 0.01% atropine is also effective to delay myopia

BT Our results suggest that use of 0.05% atropine

progression
for two consecutive years may effectively control myopia
progression, with minimal progression ly after atropine
withdrawal.

SUBJECTS AND METHODS

Ethical Approval All myopia children and their legal
guardians were informed for the consent of the purpose,

significance and eye examination process of this study and
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signed informed consent. This study followed the Helsinki
Declaration and was approved by the Ethics Committee of
the Affiliated Hospital of Yunnan University, China (No.
YN2019110327).

General Information From January 2019 to January 2022, a
total of 176 cases of 7 to 12 years-old myopia pupils admitted
to the Department of Pediatric Ophthalmology, Affiliated
Hospital of Yunnan University were randomly divided into
the atropine and placebo groups in a ratio of 1:1. The 142
participants completed the 3-year study (72 cases in the
atropine group and 70 cases in the placebo group). Since
0.05% atropine was prepared from 1% atropine sulfate in 0.3%
sodium hyaluronate, 0.3% sodium hyaluronate was used in the
placebo group.

Sample Size Sample size was calculated based on a previous
recommendation’”. We assumed that 0.05% atropine could
reduce the myopia progression rate by at least 0.40 D with
standard deviation of 0.60 D throughout a 12-month period,
thus, 66 participants were required in each group for an o level
of 0.05 (2-tailed), a power of 90%. Considering a dropout rate
of 25%, the sample size required a total of 176 participants.
Study Procedures

Subject inclusion and exclusion criteria Inclusion criteria:
1) myopic refraction range [spherical equivalent refraction
(SER)] was from -6.0 to -1.00 D; 2) myopia children were
7 to 12 years old, willing to participate in the 3-year clinical
observation; 3) the annual growth rate of SER was >0.75 D/y
before the investigation; 4) the binocular vision was normal;
5) initial intraocular pressure (IOP) was <21 mm Hg; 6) The
patients were tolerable to atropine eye drops. During the
follow-up, the ciliary muscle paralysis agent was used to dilate
the pupils during the treatment period. Exclusion criteria:
1) children had histories of allergies to atropine; 2) children
had histories of ocular organic diseases such as strabismus,
amblyopia, congenital cataract and optic nerve dysplasia;
3) children had histories of ocular surgeries; 4) children had
histories of systemic diseases that affected visual function,
such as diabetes and chromosomal abnormalities; 5) children
had histories of use of contact lenses, bifocal or multifocal
lenses, or other myopia treatments (such as pilocarpine).
Baseline data There were no statistically significant
differences in age, gender composition, SER, IOP, parental
age and diopter between the atropine and the placebo groups
before the treatment (all 7>0.05; Table 1).

Spectroscopy and medications Participants in this study
were randomized to receive one drop of the atropine or placebo
eye drops once nightly in both eyes for continuous medication
for 24mo and then withdrawal of atropine or placebo for
12mo, which was administered by their parents following the
doctors’ instructions. To reduce the photophobic response after
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treatment and to protect the eye tissues from ultraviolet (UV)
damage, the atropine and the placebo groups were equipped
with UV-sensitive photo chromatic single vision lens (SVL).
Data collection Before atropine or placebo administration,
6, 12, 18, 24, 30, and 36mo after atropine or placebo
administration or atropine withdrawal, the SER (D), AL (mm),
and IOP (mm Hg) were measured. The adjusted change of
the SER and AL from the baseline was also calculated and
recorded. The mean ocular parameters measured in the right
eye were used because there was a high correlation between
the two eyes. The incidence and duration of adverse reactions
after atropine or placebo use were obtained from the answered
questionnaires by the participants.

Measurement Refractive error was measured in each eye
by the autorefractor (KR-8800, Topcon, Tokyo, Japan), and
three designed measurements were averaged. Cycloplegia
was obtained using 0.5% proparacaine or tetracaine, 1 drop,
followed by 1.0% tropicamide, 2 drops, with a gap of Smin.
Measurements were performed 25min after the two treatments
mentioned above. Five good measurements of AL were
obtained and averaged in each eye before the cycloplegia by
the partial coherence interferometry IOLMaster (Carl Zeiss
500, Meditec, Oberkochen, Germany).

Statistical Analysis SPSS statistical software version 26
(IBM) was used for statistical analyses. Repeated measurement
analyses were carried out using generalized estimating
equation (GEE) to model myopia progression and eye growth.
The treatment efficacy was determined via dividing the values
of the calculated between-arm difference by the values of the
control arm. Chi-square test was used to compare categorical
data, expressed as meantstandard deviation. The comparison
between the atropine and control groups was conducted using
ANOVA and independent sample ¢ test. P<0.05 was considered
statistically significant.

RESULTS

Changes of Spherical Equivalent Refraction and Axial
Length In phase I (2y), adjusted change of SER from
the baseline was -0.46+0.30 D in the atropine group and
-1.724£1.12 D in the placebo group. The difference of
SER change between the atropine and placebo groups
was statistically significant using the pairwise comparison
(P<0.001; Table 2, Figure 1).

AL change at 2-year period was larger in the placebo group
(0.76+0.62 mm) than that in the atropine group (0.26+0.30 mm,
P<0.001; Table 3 and Figure 2). The difference of AL change
between the atropine and placebo groups in the pairwise
comparison was statistically significant (P=0.002; Table 3,
Figure 2). After withdrawal of atropine for ly in phase II, the
change in SER from the atropine group was 0.50+0.41 D,
which was significantly lower than 0.72+0.60 D from placebo

Table 1 Statistical characteristics of baseline data meantSD

Parameters Atropine group (n=72) Placebo group (n=70) P

Male (n, %) 35 (48.61) 36 (51.43) 0.80
Female (n, %) 37 (51.39) 34 (48.57) 0.78
Age (y) 9.16%0.73 9.22+0.81 0.21
IOP (mm Hg) 16.8143.12 16.32+2.99 0.25
Initial SER (D) -3.26+0.20 -3.27+0.32 0.32
Initial AL (mm) 23.71+0.23 23.69+0.19 0.31
Distance VA (logMAR) 0.03+0.08 0.02+0.07 0.54
Maternal SER (D) -3.25+3.18 -3.31+3.22 0.17
Paternal SER (D) -4.05+3.88 -4.10+3.78 0.30
Maternal age (y) 26.83+3.69 27.025.37 0.21
Paternal age (y) 28.78+4.99 28.95+6.73 0.48

SER: Spherical equivalent refraction; AL: Axial length; D: Diopter; IOP:

Intraocular pressure; SD: Standard deviation; VA: Visual acuity.

Table 2 Changes of SER in the atropine and placebo groups before

and after treatment

Atropine group  Placebo group

Variables (n=72) (n=70) Difference P
0.05% atropine or placebo
Change at 6mo, D -0.12+0.26 -0.44+0.32 0.32+0.06 0.015
Change at 12mo, D -0.25+0.29 -0.81+0.65 0.56%0.06 0.008
Change at 18mo, D -0.32+0.31 -1.3620.73 1.05+0.07 0.006
Change at 24mo, D -0.46+0.30 -1.72+1.12 1.26+0.08  <0.001
Withdrawal of 0.05% atropine
Change at 30mo, D -0.70+0.35 -2.03+1.13 1.32+0.09 <0.001
Change at 36mo, D -0.96+0.42 -2.44+1.11 1.48+0.09 <0.001

P values were obtained by generalized estimating equation models
with age, sex, and baseline standard error (SE) adjustment for SER

comparisons. SER: Spherical equivalent refraction.

Table 3 Changes of AL in the atropine and placebo groups before

and after treatment

Variables Atroza,i]rlgzg)roup Plac(enb=o7g;oup Difference P
0.05% atropine or placebo
Change at 6mo, mm 0.08+0.18 0.15+0.32 0.08+0.02  0.024
Change at 12mo, mm 0.14£0.20 0.31%0.35 0.17£0.02  0.017
Change at 18mo, mm 0.22+0.31 0.55+0.43 0.34+0.03  0.008
Change at 24mo, mm 0.26%0.30 0.7620.62 0.50£0.04  0.002

Withdrawal of 0.05% atropine

Change at 30mo, mm 0.41+0.35 0.89+0.73 0.48+0.05 0.003

Change at 36mo, mm 0.57+0.36 1.04+0.88 0.47+0.05 <0.001

P values were generated by generalized estimating equation models
with age, sex, and baseline AL adjustment for spherical equivalent

refraction comparisons. AL: Axial length.

group (P<0.05), suggesting that there is some continuing
inhibition of progression of SER after withdrawal, which
requires further investigation.

It seems that there is some continuing inhibition of progression
of SER after cessation of atropine treatment when compared
with that from the placebo group, which requires further

investigation.
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During the 2-year treatment period, the axial growth rate
from the atropine group (0.26+£0.30 mm) was significantly
slower than that from placebo group (0.76+0.62 mm), and the
difference was 0.50+£0.04 mm (P<0.05). After withdrawal of
atropine for ly in phase II, AL change from the atropine group
was 0.31+0.25 mm, which was not significantly different from
0.28+0.26 mm from placebo group (P>0.05), indicating that
after cessation of 0.05% atropine, there is no significant AL
rebound (Tables 2 and 3, Figures 1 and 2).

In the whole 3y, 87% of the subjects in the atropine group had
myopia progression by less than 1.0 D, compared with 17% in
the placebo group. In addition, none of myopia subjects in the
atropine group had myopia progression by more than 2.0 D,
compared with 31% in the placebo group.

Besides, 76% of the subjects in the atropine group showed
elongation of AL less than 0.4 mm, compared with only 21%
in the placebo group. Furthermore, none of myopia subjects in
the atropine group showed elongation of AL by more than
0.6 mm, compared with 35% in the placebo group.
Intraocular Pressure During the follow-up period of 3y,
a non-contact tonometer was used to measure IOP at 6mo
intervals, no significant increase in IOP was noted in either
group.

Other Adverse Reactions According to the results obtained
from the questionnaires, the main adverse reactions in
the atropine group were mostly mild photophobia, which
disappeared within 7d. In addition, there were no severe
allergies, headaches and rainbow-vision.

The control of myopia by 0.05% atropine eye drops may be
summarized in Figure 3.

DISCUSSION

In this placebo-controlled clinical trial, we demonstrate that
during the first 2-year period, there was a myopia shift in
refraction of -0.46+0.30 D in the atropine group, in contrast to
that of -1.72+1.12 D in the placebo group (Table 2, Figure 1). The
myopia shift in refraction in the atropine group was 73.26%
slower than that in the placebo group (Table 2, Figure 1).
In addition, a myopia shift of AL in the atropine group was
0.26+0.30 mm, in contrast to that 0.76+0.62 mm in the placebo
group (Table 3, Figure 2). Therefore, the axial growth in the
atropine group was 65.79% slower, compared with that in the
placebo group (Table 3, Figure 2). Importantly, statistically
significant differences were detected in the SER and AL
between the atropine and the placebo groups at all time points
after treatments (Tables 2 and 3, Figures 1 and 2, all P<0.05).
Interestingly, no statistically significant differences were found
in IOP between the atropine and the placebo groups at all time
points, suggesting that administration of 0.05% atropine daily
does not cause an increase in IOP in the children. In addition,
12mo after atropine withdrawal (phase II), the AL change
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58 Excluded:

[ 234 Subjects assessed for eligibility ]
26 Did not meet inclusion criterion
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176 Randomized (1:1)
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atropine,0.05% placebo

: l

2 Excluded after 24-month
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2 Worried about adverse effects
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3 Converted to atropine treatment
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3 Difficult to stick to eyedrops

3 Difficult to stick to eyedrops
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!

[ 74 Completed 2-year follow-up

76 Completed 2-year follow-up

}

[ Withdrawal of placebo for 1 year
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l
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included in the analyses
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0.05% atropine group: /
Mean SER increased (-0.96+0.42 D) for 3-y Control group:
Mean AL increased (0.57+0.42mm) for 3-y Mean SER increased (-2.44+1.11 D) for 3-y
Reduction of 60.7% myopia progression for 3-y Mean AL increased (1.04:0.88 mm) for 3-y
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Figure 3 CONSORT flow diagram of the treatment of myopia by
0.05% atropine eye drops.
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from the atropine group was 0.31+0.25 mm, which was not
significantly different from 0.28+0.26 mm from the placebo
group (Table 3, Figure 2; P>0.05), indicating that cessation of
0.05% atropine eye drops does not lead to AL rebound while
the change in SER from the atropine group was 0.50+0.41 D, which
was significantly lower than 0.72+0.60 D from the placebo
group (Table 2 and Figure 1; P<0.05), indicating that there
is still a continuous inhibitory effect on the AL progression
12mo after cessation of 0.05% atropine eye drops. inhibitory
effect, which requires further investigation. The results
summarized from the answers to questionnaires showed that
the main adverse reactions in the atropine group were mild to
moderate photophobia (14%), usually lasted within a week,

resembling what has been reported previously™”

. The optimal
concentration of atropine to control the progression of myopia
in adolescents should be the best balance between efficacy
and side effects. In the ATOM2 experiment, the annual SER
progression of myopia in the 1%, 0.5%, 0.1%, and 0.01%
groups was -0.28+0.92 D, -0.30+0.60 D, -0.38+0.60 D, and
-0.49+0.63 D respectively, compared to -1.20+0.69 D in the
placebo group, showing that 1% concentration of atropine has
the best control effect (78%), followed by 0.5% (75%), 0.1%
(70%) and 0.01% (50%)"*. However, after withdrawal of the
medication in the ATOM2 experiment, the rebound effect was
closely associated with atropine concentration. That is, the
higher the concentration of atropine is, the more severe the
rebound after withdrawal. Therefore, it is critical to determine
the long-term efficacy of different concentrations of atropine.
In our study, the change in SER after 1y of atropine withdrawal
was slightly less compared to the placebo group (0.50 D vs
0.72 D) although the change in AL was relatively similar
(0.31£0.25 vs 0.28+0.26 mm, P>0.05; Tables 2 and 3,
Figures 1 and 2), indicating that after cessation of atropine, there is
no significant AL and SER rebound, and to certain extent, it may
also have potential inhibitory effect on SER progression.

In series of LAMP studies, the authors show that of the 3 doses
(0.05%, 0.025%, and 0.01%) of atropine, 0.05% atropine is the
most effective in retarding AL elongation and SER progression
in a 1-year trial"”. In a successive LAMP trial, the authors
demonstrate that the efficacy of 0.05% atropine is twice as
that of 0.01% atropine in a 2-year trial®”. In the latest LAMP
trial, the authors indicate that low concentrations of atropine
may induce a choroidal thickening associated with slower AL
elongation and SER progression™. These studies support our
decision to use 0.05% atropine for our investigation because
0.05% atropine is the best among doses of 0.01%, 0.025% and
0.05% atropine.

During phase 1 (2y), there was a myopia shift in refraction
of -0.23+0.19 D/y in the atropine group, compared to
-0.86%0.55 D/y in the placebo group, and the axial growth

rate was 0.13£0.06 mm/y in the atropine group, compared to
0.38+0.20 mm/y in the placebo group. In addition, compared
with the placebo group, SER progression rate decreased
by 73%, and AL progression rate decreased by 66% in the
atropine group during the same period. Therefore, our efficacy
of 0.05% atropine resembles that in 0.1% group of the ATOM?2
study™". Because after withdrawal of the medication in the
ATOM?2 experiment, myopic SER progression also showed
significant concentration correlation with side effects, because
the higher the concentration of atropine was, the worse
the SER rebound””, therefore, it is important to determine
the rebound effect after withdrawal of atropine. Thus, we
performed 1-year withdrawal of atropine experiment (phase
II). In our study, we did not see any significant redound of
myopia after withdrawal of 0.05% atropine for one year when
compared with the placebo group (P>0.05), suggesting that
0.05% atropine may effectively control the progression of
myopia, and does not cause significant AL and SER rebound
after withdrawal of atropine.

In the whole 3y, the mean change of SER was -0.96+0.42 D in the
atropine group, compared to -2.44+1.11 D in the placebo
group, the difference was statistically significant (Table 2,
Figure 1; P<0.001). The mean change of AL in the atropine
group (0.57+0.36 mm/y) was shorten than that in the placebo
group (1.04+0.88 mm/y), and the difference was also
statistically significant (Table 3, Figure 2; P=0.002), suggesting
that compared with the placebo group, SER progression
rate was decreased by 60.66%, and AL clongation rate was
decreased by 45.2%. In addition, 87% of the subjects in the
atropine group had myopia progression by less than 1.0 D, compared
with 17% in the placebo group while none of myopia subjects
in the atropine group had myopia progression by more than
2.0 D, compared with 31% in the placebo group (Figure 4).
Furthermore, 76% of the subjects in the atropine group showed
elongation of AL less than 0.4 mm, compared with only 21%
in the placebo group while none of myopia subjects in the
atropine group showed elongation of AL by more than 0.6 mm,
compared with 35% in the placebo group (Figure 5).

The main adverse reactions of atropine include photophobia

3 Photophobia is caused by atropine

and near-ambiguity'
acting on the ciliary muscle M receptor, resulting in
contraction of the ciliary muscle and enlargement of the pupil.
The higher the concentration of atropine, the more severe the
effect of dilatation. In our experiment, 0.05% atropine was
used, and the effect of dilatation was still evident. Therefore,
to reduce the risk of photophobia and potential intraocular
photodamage caused by pupil dilation, all patients were
wearing UV photochromic lenses. Only a small number of
children complained mild photophobia. By the way, there was

no statistical significance in IOP before and after treatment
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Figure 4 Distribution of changes of spherical equivalent refraction
between the atropine and placebo groups at 3y.
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Figure 5 Distribution of changes of axial length between 0.05%

atropine and placebo groups at 3y.

in both the atropine and the control groups (data not shown),
suggesting that IOP is not a factor for control of myopia by
atropine.

In summary, our study has demonstrated that 0.05% atropine
may simultaneously retard the progression of SER and inhibit
the elongation of AL. If combined with UV photochromic
multifocal lenses, the side effects may be prohibited. As to
the mechanism, we believe that, first, atropine may act at a
relatively low dose through a neurochemical cascade!'*;
second, myopia may be associated with increased chronic
inflammation of the eye, while chronic inflammation may be
downregulated by atropine'™’. In addition, intraocular nitric
oxide may inhibit myopia dose-dependently, obligatory for
inhibition of myopia by atropine®. The detailed mechanism
requires further investigation (possible causes reviewed
in[45-4x]).
In conclusion, our results provide new evidence that 0.05%
atropine can effectively reduce myopia progression and axial
retraction, which is well tolerated, with no significant adverse
effects on quality of life. Its anti-myopia mechanism needs
further study. We recommend treatment of myopia by 0.05%
atropine daily as a standard method for the control of myopia
progression, with progressive multifocal lens if possible.
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