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Short-term effect of 0.01% atropine sulphate eye gel on 
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Abstract
● AIM: To investigate the effect of 0.01% atropine sulphate 
eye gel on myopia progression and axial elongation in a 
6-month treatment in children.
● METHODS: Totally 185 children aged 6-12y with 
binocular myopia of 3.0 D or less in both eyes were enrolled 
in this prospective cohort study. The atropine group (n=125) 
received one drop of 0.01% atropine sulphate eye gel in 
each eye before bedtime daily. The control group included 
60 matched children without drug intervention during the 
same period. The spherical equivalent and axial length was 
recorded at baseline and the sixth month of treatment. 
The efficacy was evaluated by the change of the spherical 
equivalent and axial length. Adverse events were also 
recorded.
● RESULTS: The average spherical equivalent and axial 
length at baseline were not statistically significant between 
the atropine group (-1.64±0.80 D, 24.13±0.76 mm) and the 
control group (-1.59±0.94 D, 24.06±0.77 mm, P>0.05). 
After 6mo, there was significantly difference in the spherical 
equivalent progression between the atropine and the 
control group (-0.27±0.33 vs -0.60±0.35 D, P<0.001), 

with a relative reduction of 55.0% in myopia progression. 
The increase in axial elongation in the atropine group 
was significantly less than control group (0.19±0.14 vs 
0.26±0.14 mm, P<0.001), with a relative reduction of 
26.9% in axial length. The 84.4% and 38.4% of the eyes 
progressed by less than 0.50 D and remained stable in 
the atropine group, compared with 51.7% and 4.2% in the 
control group. No adverse events were observed.
● CONCLUSION: Atropine sulphate eye gel 0.01% can 
slow down myopia progression and axial elongation in 
children with a 6-month treatment.
● KEYWORDS: atropine sulphate eye gel; myopia; 
spherical equivalent; axial length
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INTRODUCTION

M yopia is considered a serious public health concern 
globally. Holden et al [1] predicted that 51% of 

Europeans would be myopic in the year 2050 by using 
simple regression analysis. In another study the author 
foretold that an average of -2.0 D would develop and the 
predicted prevalence of myopia is 63% in 2050[2]. Many 
population-based studies in children have shown that the 
prevalence of myopia is obviously higher in urbanized East 
Asian countries[3]. During the past decade, the prevalence 
of myopia and vision impairment was highly prevalent 
among Chinese school students, and increased with grade 
in a nonlinear manner; vision impairment was high in high 
school students who had a high prevalence of high myopia[4-6]. 
The rising prevalence of myopia is also accompanied by 
earlier onset, which in turn leads to an increased risk of 
high myopia. However, high myopia is a known risk factor 
for sight-threatening conditions such as retinal detachment, 
myopic macular degeneration and glaucoma later in life. 
Each additional 1 D of myopia progression associated with 
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a 58%, 20%, 21%, and 30% increase in the risk of myopic 
maculopathy, open-angle glaucoma, posterior subcapsular 
cataract, and retinal detachment, respectively. The predicted 
years of visual impairment ranges from 4.42 in a person with 
myopia of -3.0 D to 9.56 in a person with myopia of -8.0 D, 
and 1.0 D reduction would lower these by 0.74 and 1.21y, 
respectively[7]. Therefore, myopia is a serious public health 
problem for the next few decades especially in China, and high 
myopia becomes a leading cause of blindness worldwide due 
to associated ocular illness[8]. 
Several treatments to slow myopia progression have been 
investigated, including increase outdoor activity time, 
orthokeratology, peripheral defocus modifying contact lenses, 
and the topical use of low-concentration atropine eye drops. 
Previous review and Meta-analyses suggested that atropine eye 
drops conferred the best efficacy among all myopia prevention 
methods[9]. There have been many controlled clinical trials 
which indicate that low-concentration atropine eye drops can 
delay the occurrence and development of myopia. A review 
of 41 studies[10] and a meta-analysis of 16 interventions[11] for 
myopia showed that topical antimuscarinic drugs, such as 
0.01%-1% atropine eye drops, were effective in slowing myopia 
progression and axial elongation in children. Moreover, 
1% atropine effectively inhibited myopia progression and 
promoted myopic rebound, although it was associated with 
adverse effects such as blurred near vision and hypersensitivity 
reactions[12-13]. Low-concentration (0.01%-0.5%) atropine eye 
drops can effectively prevent myopia progression[14-15]. Based 
on available evidence, 0.01% atropine eye drops are widely 
used for myopia control, with good efficacy and few side 
effects[16-21].
Eye-drops are the most conventional dosage form of currently 
accessible ophthalmic formulations. Despite the excellent 
acceptance by patients, the major problems encountered are 
having low bioavailability profiles, rapid removal from the 
administration site, and thus ineffective delivery of drugs. 
However, eye gel has been investigated as a delivery system 
which is able to overcome some of these challenges[22]. 
Therefore, we developed a 0.01% atropine sulphate eye gel 
and evaluate its efficacy and safety on myopia progression.
In this study, 0.01% atropine sulphate ophthalmic gel was used 
to treat myopia in adolescent patients with a 6-month clinical 
application, and its effects on myopia control were evaluated 
by changes in spherical equivalent (SE) and axial length (AL).
SUBJECTS AND METHODS
Ethical Approval  This prospective cohort study followed 
the tenets of the Helsinki Declaration on ethical principles 
for medical research involving human subjects and was 
approved by Xi’an No.1 Hospital Ethics Committee. Informed 
consent of the children and their guardians was obtained. The 

protocol of this study is registered in the ChiCTR Database 
(ChiCTR2000038218).
Population  The study recruited 185 children who had been 
diagnosed with myopia in Xi’an No.1 Hospital and Shaanxi 
Provincial Institute of Ophthalmology between February 
2008 and October 2019. The inclusion criteria were as 
follows: age 6-12y, male or female, binocular myopia of 
3.0 D or less, near visual acuity equal or greater than 1.0 in 
both eyes, and astigmatism of 2.0 D or less in both eyes. The 
exclusion criteria were as follows: other eye diseases such as 
strabismus, amblyopia, high intraocular pressure (intraocular 
pressure is higher than 21 mm Hg) or glaucoma, cataracts, 
fundus abnormalities, or corneal ocular surface diseases; 
allergy to atropine; systemic diseases such as heart or lung 
disease; contact lens use, or failure to provide signed written 
informed consent. Subjects who were lost to follow-up or 
took other drugs that affected the efficacy evaluation were also 
excluded. The termination criteria were as follows: allergy or 
a severe adverse reaction to the test drug or the appearance of 
inappropriate changes.
Study Design  This study comprised an atropine group and a 
control group. Patients in the atropine group received one drop 
of 0.01% atropine sulphate eye gel (prepared by Xi’an No.1 
Hospital, which obtained approval for the clinical study of 
nosocomial preparations from the Shaanxi Medical Products 
Administration) in each eye before bedtime daily for 6mo. 
The control group comprised matched children without drug 
intervention during the same period.
Outcome Measures  Efficacy in controlling myopia 
progression was evaluated by changes in the SE and AL in the 
eye. If the values in the atropine group were significantly less 
than those in the control group, the treatment was considered 
effective. Local toxicity, irritation, allergic reaction or other 
clinical adverse reactions were noted during the study period.
Statistical Analysis  All the data were analysed using SPSS 
version 15.0 (SPSS, Inc., Chicago, IL, USA). The Chi-square 
test was used for categorical data, and the independent t-test 
was used for measurement data. The efficacy of 0.01% atropine 
sulphate eye gel was statistically analysed by the number of 
eyes.
RESULTS
Demographics  There were 125 effective cases in the atropine 
group, and 30 cases were excluded due to delayed drug review. 
The control group included 60 cases in accordance with the 
criteria during the same period. The demographics of the two 
groups are shown in Table 1.
Efficacy  The initial SE and AL were not significantly different 
between the control group (-1.59±0.94 D, 24.06±0.77 mm) 
and the atropine group (-1.64±0.80 D, 24.13±0.76 mm; 
P>0.05). After 6mo, the SE in the control group (-2.19±0.92 D) 
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was significantly different than that in the atropine group 
(-1.91±0.87 D, P<0.05), and the change in the SE was 
also significantly different (-0.60±0.35 and -0.27±0.33 D, 
respectively, P<0.001). The relative reduction in myopia 
progression in this study was 55.0%. The increase in axial 
elongation was also significantly different (0.26±0.14 vs 
0.19±0.14 mm, P<0.001). The relative reduction in AL in this 
study was 26.9% (Table 2).
Among the 120 eyes in the control group, 51.7% had myopic 
progression of less than or equal to 0.50 D, and the maximum 
degree of myopic progression was 1.75 D; 5 eyes had no 
change in the SE, accounting for 4.2%. Among the 250 
eyes in the atropine group, 84.4% had myopic progression 
of less than or equal to 0.50 D, and the maximum degree of 
myopic progression was 1.50 D. The SE in 96 eyes remained 
unchanged, at 38.4%. Ten eyes (4%) recovered by 0.12-0.38 D 
in the atropine group (Figure 1).
Safety  In this study, the 0.01% atropine sulphate eye gel was 
generally well tolerated. None of the participants developed 
dilated pupils, local toxicity reactions, irritation, allergic 
reactions or other clinical adverse reactions.
DISCUSSION
In this study, we explored short-term effect of 0.01% atropine 
sulphate eye gel on myopia progression in children in China. 
Our result revealed that a once-nightly dose of 0.01% atropine 
sulphate eye gel resulted in significant reductions in myopia 
progression and axial elongation. To our knowledge, this 
study is the first study to show the efficacy of 0.01% atropine 
sulphate eye gel on myopia progression in mainland of China. 
Eye gel, a viscous formulation, is more likely to adhere to 
the cornea and conjunctival surface after blinking, which can 
make the action time of the drug more durable, higher local 
bioavailability. When used as a myopia control drug, atropine 
is used in one drop per eye every night, so eye gel is a more 
suitable dosage form than eye drops for night application.
Several previous studies indicated that 0.01% atropine 
eye drops exhibited a varied relative reduction on myopia 
progression. A randomized, double-masked, placebo-controlled 
trial in Beijing evaluating the efficacy of atropine 0.01% eye 
drops revealed that the eye drops had 44.4% reduction at 6mo 
and 34.2% reduction at 1y[23]. In another study conducted in 
Europe, the relative reduction on myopia progression by 0.01% 
atropine eye drops was 50.5% at 1y[16], and that was 24.1% at 
1y in the LAMP study conducted in Hong Kong[15]; moreover, 
the relative reduction in a study in Japan was 14.86% at 2y[24]. 
In our study, the relative reduction in myopia progression, at 
55.0%, was slightly greater than that in the European study 
and greater than that in case-control studies in Beijing, Hong 
Kong and Japan. This may be related to the use of a placebo 
as well as shortened periods of observation and differences in 

ethnicities, regions and learning and living habits among the 
observed subjects.
In this study, 84.4% of the eyes in the 0.01% atropine group 
had myopic progression of less than or equal to 0.50 D at 
6mo compared with 51.7% of the eyes in the control group. It 
should be noted that the spherical degree remained unchanged 
in 38.4% of the eyes in the atropine group at 6mo, while the 
spherical degree in the control group remained unchanged in 
only 4.2% of the eyes. Ten eyes (4%) recovered by 
0.12-0.38 D in the atropine group. The LAMP study found 
that 43.8% of patients had myopia progression of less than 
0.50 D in the 0.01% atropine group at 1y, and that in the study 
at Beijing Tongren Hospital was 48.7%[23].
Atropine has a dose-related effect on myopia progression, with 
greater effects associated with more obvious side effects. Li 
et al[25] reported that younger age was associated with poor 
treatment response to low-concentration atropine. A 2-year 
clinical trial in the LAMP study showed that the efficacy of 
0.05% atropine was double that of 0.01% atropine[26]. Fu 

Table 1 Demographics of participants                                        n (%)

Variable Control group 
(n=60)

Atropine group 
(n=125) P

Age, y, mean±SD 9.52±1.36 9.47±1.42 0.842
6 to <7 0 3 (2.4)
7 to <8 4 (6.7) 10 (8.0)
8 to <9 12 (20.0) 17 (13.6)
9 to <10 12 (20.0) 34 (27.2)
10 to <11 17 (28.3) 23 (18.4)
11 to <12 11 (18.3) 32 (25.6)
12 to <13a 4 (6.7) 6 (4.8)

Male/female 30/30 58/67 0.648
aThese patients were younger than 12 years old at the time of 
enrolment and 10 of them were between 12 and 13 years old after the 
6-month observation period.

Figure 1 Myopia progression of less than 0.50 D (mild), between 
0.50 and 1.00 D (moderate), and more than 1.00 D (severe) from 
baseline over 6mo in the atropine and the control group.
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et al[27] reported that 0.02% atropine eye drops had a better 
effect on myopia progression than 0.01% atropine eye drops, 
but 0.02% and 0.01% atropine showed similar effects on 
pupil diameter and accommodative amplitude after 12mo of 
treatment. In children for whom myopia is poorly controlled 
with 0.01% atropine, a slightly higher concentration of atropine 
in preparations can be considered.
Axial elongation is the preferred endpoint for assessing 
myopic progression[18]. In our study, we found that the mean 
axial elongation values were 0.26±0.14 and 0.19±0.14 mm 
in the control and atropine groups at 6mo, respectively, with 
a reduction of 26.9% in axial elongation. The LAMP study 
in Hong Kong showed that the mean axial-length changes 
were 0.36±0.29 and 0.41±0.22 mm in the 0.01% atropine and 
placebo groups at 1y, respectively, with a reduction of 12% 
in axial elongation[28]. The changes in the Beijing Tongren 
Hospital study were 0.32±0.19 and 0.41±0.19 mm at 1y, with a 
reduction of 22.0% in axial elongation[23]. 
Various studies have shown that scleral extracellular 
matrix (ECM) remodelling plays a critical role in myopia 
development[29]. Hypoxia is a key modulator for scleral ECM 
remodelling during myopia development. It is plausible 
that changes in choroidal thickness in myopia might result 
from reduced choroidal blood perfusion, which in turn may 
lead to scleral hypoxia. This condition could in turn trigger 
downstream receptor-linked signalling pathways events that 
induce responses promoting myopia progression. Atropine 
is an antimuscarinic agent that causes pupil dilation and 
loss of accommodation, even in concentrations as low as 
0.01%[7]. In addition, atropine also has the effect of dilating 
blood vessels. It is suggest that the choroid may be the 
target site for atropine[30-34]. Although the above studies have 
provided some evidence for the mechanism of atropine, the 
detailed pharmacological mechanism, by which atropine can 
slow myopia progression and axial elongation, need further 
research.
The advantage of this experiment was the use of a novel 
atropine eye gel rather than eye drops and proved its efficacy 

on controlling myopia progression and axial elongation. Eye 
gel has several advantages over eye drops in dosage form. 
Atropine is used as a prevention and control drug to slow the 
myopia progression. It does not mean that myopia does not 
increase after atropine application but delays the increase of 
myopia degree. In this study, we also noted that 38.4% of the 
eyes in the atropine group remained unchanged at 6mo, while 
only 4.2% of those in the control group remained unchanged. 
However, this study has some limitations. First, this study 
evaluated the efficacy of this preparation for the control of 
myopia (change of less than -3.0 D) only in the children aged 
6-12y with binocular myopia. Second, a follow-up period of 
6mo may not be long enough for evaluating the efficacy of 
an atropine treatment regime. Third, 19% of subjects in the 
experimental group were lost to follow-up, which may affect 
the deviation of the experimental result. Fourth, although all 
parents are told to administrate the drug before bed every 
night, it is difficult to guarantee that they will fully adhere 
to the doctor’s advice. Fifth, risk factors for myopia, such as 
outdoor activities time, near work time, and hereditary factor 
are not considered in this study. Importantly, as adolescents 
are a special study population, a placebo control group is a 
recognized potential weakness in studies on the efficacy and 
safety of atropine at low concentrations. 
In this study, no dilated pupils, local toxicity reactions, 
irritation, allergic reactions or other clinical adverse reactions 
were observed during the study. Similar to other studies with 
low concentration of atropine eye drops, our study suggest 
that 0.01% atropine sulphate eye gel can slow myopia 
progression and axial elongation in children during a short-
term administration. Therefore, low concentration atropine 
eye drops may be a novel choice that can be used in clinical 
practice to retard myopia. However, long-term prevention 
effects and adverse events of 0.01% atropine sulphate eye gel 
on myopia progression, as well as its detailed pharmacological 
mechanism need further investigation.
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Table 2 Changes of SE and AL at the 6-month follow-up in the atropine and control group                                                              mean±SD

Variables Control group (n=120 eyes) Atropine group (n=250 eyes) Difference 95%CI t P
SE, D

Initial -1.59±0.94 -1.64±0.80 0.05±0.09 -0.14 to 0.23 0.514 0.608
After 6mo -2.19±0.92 -1.91±0.87 -0.28±0.10 -0.48 to -0.09 -2.895 0.004
Changes at 6mo -0.60±0.35 -0.27±0.33 -0.33±0.04 -0.41 to -0.26 -8.891 0.000

AL, mm
Initial 24.06±0.77 24.13±0.76 -0.08±0.08 -0.24 to 0.09 -0.902 0.367
After 6mo 24.31±0.76 24.32±0.76 -0.01±0.09 -0.17 to 0.16 -0.105 0.916
Change at 6mo 0.26±0.14 0.19±0.14 0.07±0.02 0.04 to 0.10 4.306 0.000

SE: Spherical equivalent; AL: Axial length; CI: Confidence interval.
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