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Atropine 0.01% eye drops to control
myopia progression in Chinese
children: a randomized,
double-masked, placebo-controlled
clinical trial
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Research Question:

1. Does atropine 0.01% eye drops prevent myopia progression and axial elongation
when compared with the placebo group in Chinese myopic children?
2. Do the adverse effects of atropine 0.01% eye drops support its use in children

with myopia?
Rationale:

Myopia has become a critical public health problem among both children and adults,
especially in some East and Southeast Asian countries such as China and Singapore.'?
Recent review predicted that approximately half of the world’s population will have
myopia by 2050 and with 10% being high myopia.® In China, the prevalence of
myopia reaches nearly 70% in grade 7 students, and exceeds 80% in university
students.*> Myopia not only is the most common causes of avoidable visual
impairment and blindness, but high or pathologic myopia is associated with increased
risk of irreversible blinding conditions, including myopic retinopathy, retinal
detachment, choroidal neovascularization, and glaucoma,®® leading to a heavy cost
burden on individuals and communities.'**

Atropine is a nonspecific muscarinic receptor antagonist. The exact mechanism of
topical atropine in slowing myopia progression is still not clearly understood so far.
The receptors was initially thought to be in the ciliary muscle by inhibiting the
excessive accommodation, but atropine is effective in preventing myopia in animals,
in which ciliary muscle is mediated by nicotinic receptor rather than muscarinic
receptors.>** However, atropine might have biochemical effects based on the retinal
site of action, and muscarinic antagonist control of myopia is mediated via M1 and
M4 muscarinic receptors.’> Moreover, an inhibition of atropine on the synthesis of
glycosaminoglycan in scleral chondrocytes may also exert anti-myopia effects.*®*’ At
present, topical atropine has been demonstrated to have the strongest clinical effect on
slowing the progression of myopia.’*% In 2006, the Atropine for the Treatment of
Myopia 1 (ATOM 1) study founded that the mean rate of myopia progression after 2

years was only -0.28+0.92 D in the atropine 1% group compared with -1.20+0.69 D in
2
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the placebo group.’® However, ocular side effects induced by 1% atropine such as

blurred near vision, photophobia cycloplegia and allergy have limited its use.

Furthermore, there was a greater myopic rebound in eyes that had received 0.5% and

0.1% atropine when atropine was stopped (ATOM 2 study), whereas those receiving a

low-dose 0.01% concentration proved sustained and minimal change.?* Therefore,

low concentration of 0.01% atropine is increasingly applied to clinical treatment for
myopic children in Asia.

At present, the majority of the studies have been performed to evaluate the efficacy
and safety of low concentration of 0.01% atropine through retrospective studies,?%*
but few data are available from randomized controlled trials, with the exception of
one in Singapore (ATOM 2 study).? In the ATOM 2 study in Singapore, Chia et al.
reported the mean myopic progression over 2 years in the 355 children was
-0.30+0.60 D, -0.38+0.63 D, and -0.49+0.63 D in the atropine 0.5%, 0.1%, and 0.01%
groups, respectively.?® However, the lack of a placebo control group was an
acknowledged weakness of the study. Thus, the effect of low concentration of 0.01%
atropine has not been extensively evaluated through placebo-controlled trial at
present.

Through randomized controlled trial, it can explore the efficacy of 0.01%
low-concentration atropine eye drops in retarding the progression of myopia in
school-aged children in China, as well as the side effects and adverse reactions, which
help answer the above questions.

Objective:

1. To explore the effect of 0.01% low-concentration atropine eye drops on the
myopia progression and axial elongation in low and moderate myopic Chinese
children;

2. To explore the side effects and adverse effects of 0.01% low-concentration
atropine eye drops in low and moderate myopic Chinese children;

3. To explore the myopic rebound when 0.01% low-concentration atropine eye

drops was stopped;
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4. To explore the optimal age for 0.01% low-concentration atropine eye drops use;

Hypothesis:

0.01% atropine eyed rops can significantly slow the myopia progression and axial

elongation in children.

Study Plan

Design:

The design is a randomized, double-masked, placebo-controlled trial aimed to
investigate the efficacy and safety of low concentrations of 0.01% atropine in low and
moderate myopic children from April 2018 to July 2020. Two phases will include in
this study. All children will be recruited and randomized to receive either 0.01%
atropine or placebo eye drops in both eyes once daily at an allocation ratio of 1:1 for
one year in Phase 1. At the beginning of the second year, the 0.01% atropine group
will be crossed over to the placebo group and the placebo group will be crossed over

to the 0.01% atropine group for one year in Phase 2.

Inclusion and Exclusion Criteria:

The myopic children will be recruited from Beijing Tongren Hospital, Beijing, China,

between April 2018 and July 2018. All subjects met the following inclusion criteria:

1. Children aged 6 to 12 years with refractive error of spherical equivalent (SE)
range of -1.00 D to -6.00 D in both eyes;

2. Astigmatism of -1.50 D or less in both eyes;

3. Best-corrected distance visual acuity 0.20 logMAR or better in both eyes;

4. Intraocular pressure (I0P) of less than 21 mm Hg.

Exclusion criteria were as follows:

1. Children with other combined ocular diseases (e.g., amblyopia, strabismus,
corneal scar, cataract, glaucoma, or ocular tumor);

2. Previous or current treatment with atropine, pirenzepine, contact lenses, bifocals,
or progressive addition lenses for myopia, allergy to atropine, cyclopentolate, or

excipients.
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Procedures:

All children who meet the inclusion and exclusion criteria will be referred to the clinic
study coordinator who will seek fully informed patient consent prior to enrolling the
patient. Those enrolled will be participated in this study underwent the same,
standardized examination procedure at the baseline visit and 6 and 12 months after
initiation of visit. Cycloplegic refraction was measured by an autorefractor (HRK7000
A; Huvitz, Gunpo, South Korea) with three times consecutively with average data
used for analysis. All 3 readings should be at most 0.25 D apart in both the spherical
and cylinder components. During the examination of each subject, 3 drops of 1%
cyclopentolate (Alcon) were administered at a 5-minute interval. Thirty minutes after
the last drop, if pupillary light reflex was still present or the pupil size was less than
6.0 mm, a fourth drop of 1% cyclopentolate was administered and the examination
was repeated 15 minutes later. Axial length (AL) was measured using the Lenstar
LS900 (Haag-Streit Koeniz, Switzerland) with five readings were taken and averaged.
A non-contact tonometer (HNT-7000, Huvitz, Gunpo, South Korea) was used to
measure the intraocular pressure with three repeated measurements. Additionally, a
detailed interviewer-administered questionnaire answered by parents was used to
collect the information of their children on the age of myopia onset, number of
myopic parents, time near work and outdoors activities (hr/day) after school hours.
Subjects were given a calendar to mark out the days when the trial medications were
used and with more than 80% compliance rate were considered to include in the

results analysis. Children were also provided photochromatic glasses (which darken

5
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on exposure to ultraviolet or sunlight) if they experienced glare or if their parents
were worried of excessive light exposure, or progressive glasses (reading add) if they
experienced difficulty with near vision.

Sample size estimates:

Sample size was calculated based on the results from the previous studies.® ** % We
assume that 0.01% atropine reduces the myopia progression rate by at least -0.36 D
with standard deviation of 0.70 D, assuming a power of 90% with a 2-sided test of 5%.
Thus, this study required 80 subjects in each group. Considering a drop-out rate of
25%, a total of 220 participants would be adequate.

Randomization and Masking

With the schedule generated by SAS program (SAS Institute, Cary, NC, USA), a
statistician operated the randomization independently. Every eligible four children
were randomly allocated into the intervention group or control group according to the
priority order the children visited the hospital for treatment. The participants had an
equal probability of assignment to either the two groups. The 0.01% atropine and
placebo eye drops were packaged in identical bottles, and thus investigators and
participants were not able to identify the contents. There were only the expiration date
and study number on the bottle. The data analysts were also blinded to minimize
observational bias.

Ethical consideration:

Informed written consent was obtained from at least one parent, as well as verbal
assent from each child. This clinical trial adhered to the tenets of the Declaration of

Helsinki and was approved by the Institutional Review Board of Beijing Tongren
6
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Hospital, Capital Medical University.

Benefits of study:

A high prevalence of 83.2% for myopia and 11.1% for high myopia was reported for
central Chinese university students. Thus, the prevention and retardation of myopia
progression will both statistically and clinically significant in children to reduce

sight-threatening complications associated with myopia in later life.
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Statistical Analysis Plan

Data preparation

All examination data were independently entered twice into a database using
commercial software (Epidata software 3.1; The Epidata Association, Odense,
Denmark) by two independent individuals. When there were discrepancies between
the database entries, the raw data were checked. Statistical software (SAS version 9.4;
SAS, Inc., Cary, NC, USA) was used for cleaning, logically checking, merging data,

and analysis.
Outcomes

The spherical equivalent (SE) was calculated as the dioptric powers of the sphere and
half of the cylinder (sphere + 0.5 x cylinder). The primary outcome was myopia
progression and axial elongation defined as the mean change in cycloplegic SE and
AL over 1 year. The secondary outcomes included adverse events during the

treatment.

Statistical analysis

For all analyses, SPSS version 20.0 (SPSS, Chicago, Illinois, USA), was used. For
continuous variables, the independent t-test and analysis of covariance were used to
determine statistical significance between the atropine and control groups. The
chi-square tests were used to compare the categorized data. We will first compare the
demographics and baseline characteristics between 0.01% atropine and placebo
groups, such as age, sex, initial SE (D), initial AL (mm), age at myopia onset, parental
myopia, time outdoors and near work. We will examine the differences in the mean
values of myopia progression and axial elongation between the atropine and control
groups. In order to explore potential risk factors, including age at baseline, sex, initial
spherical equivalent, intraocular pressure, age at myopia onset, parental myopia, time
outdoors, and near work, associated with progressors in 0.01% atropine group, the
multiple log-binomial regression analysis was performed using those factors as the

dependent variable. Analyses were only performed on the right eye.

10
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