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Abstract

e AIM: To assess the effect of 0.01% atropine eye drops on
intraocular pressure (IOP) in myopic children.

e METHODS: A placebo-controlled, double-masked,
randomized study. Totally 220 children aged 6 to 12y
with myopia ranging from -1.00 to -6.00 D in both eyes
were enrolled. Children were randomized in a 1:1 ratio to
either 0.01% atropine eye drops or a placebo group using
generated random numbers. All participants underwent the
examination of I0P and cycloplegic refraction at baseline,
6 and 12mo. The change of IOP and the proportion of
subjects with increased IOP in atropine and placebo groups
were compared.

e RESULTS: Of 220 children, 117 were boys (53.2%).
A total of 159 (72.3%) participants completed the follow-up at
the 1-year study. At baseline, the mean I0P was 15.74 mm Hg
(95%Cl, 15.13 to 16.34 mm Hg) for the 0.01% atropine
group and 15.59 mm Hg (95%Cl, 15.00 to 16.19 mm Hg)
for placebo group (mean difference, 0.14 mm Hg; P=0.743)
after adjusting for central corneal thickness at baseline.
At one year follow-up, the mean change of IOP was 0.16 mm Hg
(95%Cl, -0.43 to 0.76 mm Hg) for the 0.01% atropine
group and -0.11 mm Hg (95%Cl, -0.71 to 0.50 mm Hg) for
placebo group (mean difference, 0.27 mm Hg; P=0.525)
after adjusting for central corneal thickness. The 51.4% of
children have increased IOP in the 0.01% atropine group,
compared with 45.9% in the placebo group (P=0.511).

e CONCLUSION: The 0.01% atropine eye drops do not
significantly affect the risk of elevated IOP. It is relatively
safer to use in the studies that try to minimize myopia
progression. However, a further long-duration study is
required to be validated.
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INTRODUCTION

yopia has become a severe worldwide public health
M issue!™. It is predicted globally that the occurrence
of myopia and high myopia is projected to a greater extent,
affecting almost 5 billion and 1 billion people respectively
by 2050, Among urban Chinese children, the prevalence of
myopia was 3.9% in grade 1 children, with 67.3% in grade 7
children”. Wei e al” conducted a cross-sectional university-
based study in central China and found the prevalence of
myopia was 83.2%, and 11.1% for high myopia among
university students. It has been reported that high or pathologic
myopia can lead to irreversible blinding conditions, such
as myopic retinopathy, retinal detachment, and choroidal
neovascularization”',
Many experiments were carried out to explore the interventions

31 Atropine, a

of reducing myopia progression in children!
competitive antagonist of muscarinic cholinergic receptors,
showed a remarkable part in the control of the progression
of myopia'*"®". In the atropine for the treatment of myopia 2
(ATOM 2) study in Singapore, Chia et al''” reported the mean
myopia progression over 2y was -0.30+0.60, -0.38+0.63, and
-0.49+0.63 diopters (D) in the atropine 0.5%, 0.1%, and 0.01%
groups, respectively. In a randomized, placebo-controlled
study, Wei et al'"™ showed that 0.01% atropine eye drops could
reduce axial elongation and myopia progression in children

without serious adverse reaction. Apart from its fruitful
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results, atropine was thought to have some eye complications.
Previous studies have reported that myopia progression can
be stopped or reversed due to installing 1% atropine eye drops
but causes the risk of pupillary dilation, stinging sensation, eye
pain, photophobia, and blurring.

Except for the confirmed eye complications, the potential
complications were that atropine leads to elevated intraocular
pressure (IOP), owing to pupil dilation. Greenstein et al'"”
showed that IOP tends to rise by more than 6 mm Hg due
to topical administration of anticholinergics about in 8% of
normal adults. However, Mughannam ez /™" identified that no
significant IOP changes by using 1% atropine in horse eye. Wu
et al™" have conducted a retrospective study on a larger scale
of 621 myopic children to evaluate the effect of dosage ranging
from 0.1% to 1% atropine eye drops on IOP. They found no
relationship between the treatment period and increasing dose
of atropine with IOP elevation. Yu e al”* conducted a study
to determine whether long-term topical atropine therapy at
various concentrations induces IOP elevation and subsequent
development of glaucoma. This study revealed that topical
atropine eye drops do not induce ocular hypertension and
effectively slow the progression of myopia. Chan et al'*”
enrolled 67 eyes of 35 myopic children receiving 0.25%
atropine treatment. They found no significant change in IOP,
optic nerve parameters, or retinal nerve fiber layer thickness
over a mean of 15.2+2.4mo of treatment.

Many studies have evaluated the effect of atropine eye drops
on IOP in myopic children. At present, 0.01% atropine is
increasingly used to treat myopic children™ . However,
the effect of 0.01% atropine eye drops on IOP has not been
extensively evaluated in myopic children. All above studies do
not include the most frequently used 0.01% atropine eye drops
in clinical practice.

In this placebo-controlled, double-masked, randomized trial of
one year study, we represent the findings of IOP at baseline, 6
and 12mo of school children during administration of 0.01%
atropine eye drops. The main objective of this research is to
assess the effect of 0.01% atropine on IOP.

SUBJECTS AND METHODS

Ethical Approval Written informed consent was obtained
from at least one parent and verbal assent from all children.
This clinical trial adhered to the tenets of the Declaration of
Helsinki and was approved by the Institutional Review Board
of Beijing Tongren Hospital, Capital Medical University.
Trial registration http://www.chictr.org.cn identifier: ChiCTR-
IOR-17013898.

Study Design This is a placebo-controlled, double-masked,
randomized study conducted from April 2018 to July 2019.

Children aged 6-12y were recruited to receive either 0.01%
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atropine eye drops or a placebo in a 1:1 ratio once nightly for one
year. Details of the methodology have been provided elsewhere!”.
Study Population This study was conducted at Beijing
Tongren Hospital, Beijing, China. All children are 6-12y with
spherical equivalent (SE) ranging from -1.00 to -6.00 D in the
right and left eyes, astigmatism of less than 1.50 D in both
eyes, IOP of less than 21 mm Hg. Exclusion criteria were those
with combined ocular diseases, such as strabismus, cataract,
amblyopia, glaucoma, corneal scar, and ocular tumor, allergy
to atropine, cyclopentolate, or excipients, current or previous
use of atropine, bifocals, contact lenses, or other methods
for myopia control. Poor general health children with history
of cardiac or significant respiratory diseases, and long-term
systemic medication use were also excluded.

Randomization and Masking The 0.01% atropine and
placebo eye drops were prepackaged in identical bottles with
only the subject number and expiration date. The investigators
and subjects were masked to identify the contents to make
the entire process more accurate. A statistician operated the
randomization independently with the schedule generated by
the SAS program (SAS Institute, Cary, NC, USA). Every four
children were arbitrarily randomized into the intervention or
control group among eligible children.

Study Procedures All children experienced identical
standardized investigation strategies at the baseline, 6-month,
and 12-month visits. Cycloplegic refraction was measured
by an autorefractor (HRK7000 A, Huvitz, South Korea) at
each visit after a cycloplegic procedure with 3 drops of 1%
cyclopentolate at 5-minute intervals. The measurement was
performed after 30min of installation of the third drop. Another
drop of the same cycloplegic eye drops would be administered
after the third drop if full cycloplegia had not been achieved
after 30min, and the examination was performed 15min
later. All 3 readings should be at most 0.25 D apart in both
the spherical and cylinder components. Before cycloplegic
refraction, three readings of IOP measurements were taken by
a non-contact tonometer (HNT-7000, Huvitz, South Korea).
Statistical Analysis The SE was calculated as the spherical D
and half of the cylinder (sphere+0.5xcylinder). All statistical
analysis was performed using SPSS V.15.0 (SPSS, Chicago,
[linois, USA) software. There was a high correlation between
the right and left eyes, so the statistical analysis was performed
using the right eye data. Two independent sample #-tests and an
analysis of covariance were used to compare the IOP between
0.01% atropine and placebo groups. We used Chi-square tests
to compare the proportion of subjects with increased IOP and
categorical variables between the two groups. Age, sex, SE,
axial length (AL), and IOP were calculated and analyzed. The
2-sided P-value was considered statistically significant when
the values were less than 0.05.
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RESULTS

A total of 220 children were recruited into the study, with equal
randomization to the 0.01% atropine and the placebo groups.
Of 220 children, 103 were girls (46.8%). No significant
differences were found between the 0.01% atropine and the
placebo groups in the baseline characteristics, including age,
gender, initial AL, initial SE, parental myopia, age at myopia
onset, time outdoors, and near work. A total of 159 (72.3%)
participants completed the follow-up during the 1-year study,
with 76 and 83 children allocated into the 0.01% atropine
and placebo groups (Table 1). No significant differences were
found in initial IOP between discontinued and completed
subjects in the 0.01% atropine eye drops and placebo groups
(P>0.05).

At baseline, the mean IOP was 15.74 mm Hg (95%CI, 15.13 to
16.34 mm Hg) for the 0.01% atropine group and 15.59 mm Hg
(95%CI, 15.00 to 16.19 mm Hg) for placebo group (analysis
of covariance, mean difference, 0.14 mm Hg; P=0.743)
after adjusting for central corneal thickness at baseline. The
respective mean IOP values for the 0.01% atropine eye drops
and placebo groups at baseline, 6 and 12mo were shown in
Figure 1. At 6mo of follow-up, the IOP ranged from 11.3 to
22.7 mm Hg in the 0.01% atropine group, and five children
had increased IOP by more than 21 mm Hg. The IOP ranged
from 11.1 mm Hg to 22.6 mm Hg in the placebo group, and
two children had increased IOP by more than 21 mm Hg. At
one year of follow-up, the IOP ranged from 11.0 to 22.0 mm
Hg in the 0.01% atropine group, and one child had increased
IOP by more than 21 mm Hg. The IOP ranged from 10.7
to 22.1 mm Hg in the placebo group, and two children had
increased IOP by more than 21 mm Hg.

At six months follow-up, the mean change of IOP was 0.66 mm Hg
(95%CI, 0.13 to 1.18 mm Hg) for the 0.01% atropine group
and 0.33 mm Hg (95%ClI, -0.20 to 0.85 mm Hg) for placebo
group (analysis of covariance, mean difference, 0.33 mm Hg;
P=0.378) after adjusting for central corneal thickness (Table 2). At
one year follow-up, the mean change of IOP was 0.16 mm Hg
(95%CI, -0.43 to 0.76 mm Hg) for the 0.01% atropine group
and -0.11 mm Hg (95%CI, -0.71 to 0.50 mm Hg) for placebo
group (analysis of covariance, mean difference, 0.27 mm Hg;
P=0.525) after adjusting for central corneal thickness (Table 2).
There were no significant differences in the mean change of
IOP between the two groups at 6 and 12mo.

Figure 2 shows the distribution of IOP change for the 0.01%
atropine and placebo groups at 6 and 12mo. At 6mo, 65.3%
of children had increased IOP in the 0.01% atropine group,
compared with 42.3% in the placebo group (P=0.004). At
12mo, 51.4% of children had increased IOP in the 0.01%
atropine group, compared with 45.9% in the placebo group
(P=0.511). In our multiple logistic regression analysis, among
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Figure 1 Mean intraocular pressure in the 0.01% atropine and

placebo groups at follow-up visits.

Table 1 Demographics and baseline characteristics of 159

participants who completed the follow-up during the 1-year study

Atropine group Placebo group

Variables (n=76) (1=83) P
Age at baseline (y) 9.69+1.61 9.85+1.56 0.524
Male/female 38/38 43/40 0.820
Initial SE (D) -2.55+1.29 -2.68+1.43 0.553
Initial AL (mm) 24.58+0.80 24.64+0.98  0.640
IOP (mm Hg) 15.75+2.78 15.64+2.58  0.790
Central corneal thickness (mm)  549.05+33.04  543.74+£32.99 0.323
Age at myopia onset (y) 7.92+1.57 8.06+1.69 0.600
Parental myopia 0.167

None 5 11

One 30 23

Both 41 49
Time outdoors (h/d) 1.28+0.59 1.43+0.80 0.200
Near work (h/d) 3.13+1.34 3.17+1.63 0.861

subjects whose IOP was increased in the 0.01% atropine group
at 12mo, the increased IOP was not significantly associated
with age (P=0.205), gender (P=0.407), SE (P=0.933), and AL
(P=0.184).

DISCUSSION

In this randomized trial, our study showed that 0.01% atropine
eye drops have no significantly elevated IOP during one year.
At one year follow-up, the mean change of IOP in the 0.01%
atropine group was 0.16 mm Hg (95%CI, -0.43 to 0.76 mm Hg)
compared with -0.11 mm Hg (95%ClI, -0.71 to 0.50 mm Hg) in
the placebo group (P=0.525) after adjusting for central corneal
thickness. The 51.4% of children have increased IOP in the
0.01% atropine group, compared with 45.9% in the placebo
group (P=0.511). To our knowledge, the present trial was the
first randomized, placebo-controlled study to present 0.01%
atropine eye drops on the effect of IOP in mainland China.
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Figure 2 Distribution of change of intraocular pressure (mm Hg) for the 0.01% atropine (A), placebo groups at 6mo (B), the 0.01%

atropine (C), and placebo groups at 12mo (D).

Table 2 Mean change in intraocular pressure between 0.01% atropine eye drops and placebo groups at follow-up visits mm Hg (95%CI)

Follow-ups Atropine group (n=76)

Placebo group (n=83) Difference P

0.66 (0.13 to 1.18)
0.16 (-0.43 t0 0.76)

Change at 6mo
Change at 12mo

0.378
0.525

0.33 (-0.20 to 0.85) 0.33
-0.11 (-0.71 to 0.50) 0.27

Some studies had evaluated the effect of atropine eye drops on
IOP in myopic children. In a retrospective study of 621 myopic
children aged 10.5+2.3y to evaluate IOP for dosages ranging
from 0.1% to 1% atropine eye drops, Wu et al”"! found that
the cumulative dose and duration of atropine treatment are not
associated with the potential risk of increased IOP. However,
the change concentrations of 1%, 0.5%, 0.25%, and 0.1%
atropine eye drops were used according to clinicians prescribed
based on the severity of myopia for children on each visit
in their study. Therefore, it is difficult to estimate the degree
of influence of each concentration of atropine eye drops on
IOP. Consistently, Lee et al”** found that the respective mean
changes of IOP for the 0.25% atropine, 0.125% atropine, and
control groups were -1.28, 0.54, and -0.33 mm Hg at one year,
showing no significant differences for three groups. However,
in the study, only 32 children, 12 children, and 12 children
were recruited in the 0.125 % atropine group, 0.25% atropine
eye drop, and control group, respectively. In addition, both
above two studies did not include the most frequently used
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0.01% atropine eye drops in clinical practice. Our study found
that the mean change of IOP in the 0.01% atropine group was
0.16 mm Hg (95%CI, -0.43 to 0.76 mm Hg) compared with
-0.11 mm Hg (95%CI, -0.71 to 0.50 mm Hg) in the placebo
group at one-year follow-up after adjusting for central corneal
thickness, and no significant difference in the mean change of
IOP between 0.01% atropine group and placebo group at 12mo.
In our study, we further analyzed the changes in the IOP of
each subject during regular administration of 0.01% atropine
eye drops. The IOP for the 0.01% atropine and placebo groups
ranged from 11.0 to 22.0 and 10.7 mm Hg to 22.1 mm Hg at
one-year follow-up. Only one child has increased IOP by more
than 21 mm Hg in the 0.01% atropine group, and two children
have increased IOP by more than 21mm Hg in the placebo
group. The 51.4% of children have increased IOP in the 0.01%
atropine group, compared with 45.9% in the placebo group
(P=0.511) at 12mo. The present study demonstrated that a
once-nightly dose of 0.01% atropine eye drops does not induce
arise in IOP in myopic children during one year.
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The relationship between IOP and myopia continues to receive
attention from researchers”’>". It has also been reported that
moderate myopic children have significantly higher IOP than
emmetropic children (P=0.022)"". Studies have suggested that
the extension of the AL and thinning of the sclera caused by
the development of myopia may lead to a decrease in eyeball
compliance and an increase in IOP, thereby increasing IOP"".
Therefore, myopic subjects with higher IOP levels may have a
higher risk of glaucoma. It is shown that 0.01% of atropine eye
drops did not increase IOP in myopic school-aged children.
The strength of our trial was that the first placebo-controlled,
randomized study to present 0.01% atropine eye drops on the
effect of IOP. It provided affirmative findings of the association
between IOP and 0.01% atropine eye drops. However, there
are some restrictions in our study. First, we used a non-contact
tonometer instead of a Goldmann applanation tonometer as the
gold standard to evaluate IOP, potentially leading to a higher
reading of IOP in our study than if the IOP had been measured
by Goldmann applanation tonometry””. However, a non-
contact tonometer is clinically more tolerable for children™.
In addition, an analysis of covariance was used to control for
potential differences concerning central corneal thickness.
Second, this study only evaluated the efficacy of 0.01%
atropine eye drops on IOP for 1y. Thus, more years of follow-
up studies should be performed.
In summary, it is concluded that 0.01% of atropine eye drops
did not induce a rise in IOP in our study, and 0.01% of atropine
eye drops are relatively safe to use in myopic children. In the
future, further studies can conduct more details with a larger
sample size and more years of follow-up to authenticate our
study findings.
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