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IMPORTANCE Because studies have suggested that atropine might slow the progression of
myopia in children, randomized clinical trials are warranted to understand this potential
causal relationship.
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OBJECTIVE To evaluate the efficacy and safety of atropine, 0.01%, eyedrops on slowing

myopia progression and axial elongation in Chinese children.
DESIGN, SETTING, AND PARTICIPANTS This was a randomized, placebo-controlled,
double-masked study. A total of 220 children aged 6 to 12 years with myopia of −1.00 D
to −6.00 D in both eyes were enrolled between April 2018 and July 2018 at Beijing Tongren
Hospital, Beijing, China. Cycloplegic refraction and axial length were measured at baseline,
6 months, and 12 months. Adverse events were also recorded.
INTERVENTIONS Patients were randomly assigned in a 1:1 ratio to atropine, 0.01%, or placebo
groups to be administered once nightly to both eyes for 1 year.
MAIN OUTCOMES AND MEASURES Mean changes and percentage differences in myopia
progression and axial elongation between atropine, 0.01%, or placebo groups.
RESULTS Of 220 participants, 103 were girls (46.8%), and the mean (SD) age was 9.64 (1.68)
years. The mean (SD) baseline refractive error and axial length were –2.58 (1.39) D and 24.59
(0.87) mm. Follow-up at 1 year included 76 children (69%) and 83 children (75%) allocated
into the atropine, 0.01%, and placebo groups, respectively, when mean myopia progression
was −0.49 (0.42) D and −0.76 (0.50) D in the atropine, 0.01%, and placebo groups (mean
difference, 0.26 D; 95% CI, 0.12-0.41 D; P < .001), with a relative reduction of 34.2% in
myopia progression. The mean (SD) axial elongation in the atropine, 0.01%, group was 0.32
(0.19) mm compared with 0.41 (0.19) mm in the placebo group (mean difference, 0.09 mm;
95% CI, 0.03-0.15 mm; P = .004), with relative reduction of 22.0% in axial elongation.
Fifty-one percent and 13.2% of children progressed by at least 0.50 D and 1.00 D in the
atropine, 0.01%, group, compared with 69.9% and 34.9% in the placebo group. No serious
adverse events related to atropine were reported.
CONCLUSIONS AND RELEVANCE While the clinical relevance of the results cannot be
determined from this trial, these 1-year results, limited by approximately 70% follow-up,
suggest that atropine, 0.01%, eyedrops can slow myopia progression and axial elongation in
children and warrant future studies to determine longer-term results and potential effects on
slowing sight-threatening pathologic changes later in life.
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yopia 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.1,2 A 2016 review3 predicted that approximately half
of the world’s population will have myopia by 2050, with 10%
being high myopia.3 In China, the prevalence of myopia reaches
5.2% in children aged 6 years, nearly 70% in seventh-grade students, and exceeds 80% in university students.4-6 Myopia is
not only the most common cause of avoidable visual impairment and blindness, but high or pathologic myopia is also associated with increased risk of irreversible blinding conditions, including myopic retinopathy, retinal detachment,
choroidal neovascularization, and glaucoma,7-10 leading to a
heavy cost burden on individuals and communities.11
Several randomized clinical trials have been investigated
to halt or slow myopic progression including undercorrection, progressive addition lenses, contact lenses, pirenzepine
gel, and increased outdoor activity.12-16 However, the results
of their effects are disappointing or positive results of marginal clinical significance. At present, topical atropine has been
demonstrated to have the strongest clinical effect on slowing
the progression of myopia.17-19 In 2006, the Atropine for the
Treatment of Myopia 1 (ATOM 1) study found that the mean
(SD) 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 the placebo group.18 However, ocular adverse effects induced by atropine, 1%, 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 atropine, 0.5% and 0.1%, after treatment was discontinued (ATOM 2 study), whereas those receiving a low-dose
0.01% concentration proved sustained and minimal change after treatment cessation.20 Therefore, low concentration of atropine, 0.01%, is increasingly applied to clinical treatment for
children with myopia in Asia.
Most studies have been performed to evaluate the efficacy and safety of low concentration of atropine, 0.01%,
through nonrandomized controlled trials,21-23 but few data are
available from randomized clinical trials, with the exception
of 2 in Singapore (ATOM 2 study) and Hong Kong, China (LowConcentration Atropine for Myopia Progression [LAMP]
study).19,24 However, the lack of a placebo control group was
an acknowledged weakness of the ATOM 2 study. The LAMP
study from Hong Kong, China, first provided placebocompared data of low-concentration atropine eyedrops in slowing myopia progression.24 Thus, the effect of low concentration of atropine, 0.01%, has not been extensively evaluated
through placebo-controlled trial. Therefore, we aimed to evaluate the efficacy and safety of low concentrations of atropine,
0.01%, in this randomized, double-masked, placebocontrolled trial in mainland China.

Methods
Study Design
This is a randomized, double-masked, placebo-controlled trial
aimed to investigate the efficacy and safety of low concentraE2

Key Points
Question Do atropine, 0.01%, eyedrops slow the myopia
progression and axial elongation when compared with a placebo
group in Chinese children?
Findings In this randomized clinical trial, atropine, 0.01%,
eyedrops reduced myopia progression and axial elongation
compared with placebo treatment after 1 year.
Meaning While the clinical relevance of the results cannot be
determined from this trial, these results support the potential that
atropine, 0.01%, eyedrops can slow myopia progression in
Chinese children and warrant future studies to determine
longer-term results and potential effects on slowing
sight-threatening pathologic changes later in life.

tions of atropine, 0.01%, in children with low and moderate
myopia from April 2018 to July 2020. Two phases were included in this study. All children were recruited and randomized to receive either atropine, 0.01%, or placebo eyedrops in
both eyes once daily at an allocation ratio of 1:1 for 1 year in
phase 1. At the beginning of the second year, the atropine,
0.01%, group will be crossed over to the placebo group, and
the placebo group will be crossed over to the atropine, 0.01%,
group for 1 year in phase 2. All eyedrops in monodose preparation were prepared by Shenyang Xingqi Pharmaceutical Co
Ltd. Informed written consent was obtained from at least 1 parent as well as verbal assent from each child. No compensation or incentives were offered to the children and parents. 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. The trial
protocol is available in Supplement 1.

Study Population
We recruited the children with myopia who visited Beijing Tongren Hospital, Beijing, China, between April 2018 and July 2018.
All participants met the following inclusion criteria: 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, astigmatism of
−1.50 D or less in both eyes, best-corrected distance visual acuity 0.20 logMAR or better in both eyes, and intraocular pressure (IOP) of less than 21 mm Hg. Exclusion criteria were as
follows: children with other combined ocular diseases (eg, amblyopia, strabismus, corneal scar, cataract, glaucoma, or ocular tumor); previous or current treatment with atropine, pirenzepine, contact lenses, bifocals, or progressive addition
lenses for myopia; and allergy to atropine, cyclopentolate, or
excipients.

Sample Size
Sample size was calculated based on the results from the previous studies.18,19,23 We assume that atropine, 0.01%, 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 participants
in each group. Considering a dropout rate of 25%, a total of 220
participants would be adequate.
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Randomization and Masking
With the schedule generated by SAS program (SAS Institute
Inc), a statistician operated the randomization independently. Every eligible 4 children were randomly allocated into
the intervention group or control group according to the priority order the children visited the hospital for treatment. The
atropine, 0.01%, and placebo eyedrops were packaged in identical bottles, and thus, investigators and participants were not
able to identify the contents. The data analysts were also
blinded to minimize observational bias.

Original Investigation Research

Figure 1. Flowchart of Randomized Individuals
268 Assessed for eligibility
48 Excluded
21 Did not meet inclusion
criteria
12 Meet the exclusion criteria
15 Declined to participate

220 Randomized (1:1)

Study Procedures
All children who participated in this study underwent the same,
standardized examination procedure at the baseline, 6-month,
and 12-month visits. Patients 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 be included in the results analysis. Children were also provided photochromatic glasses (which darken on exposure to ultraviolet
light or sunlight) if they experienced glare or their parents were
worried of excessive light exposure or progressive glasses (reading add) if they experienced difficulty with near vision.
Cycloplegic refraction was measured by an autorefractor
(HRK7000 A; Huvitz) 3 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 patient, 3 drops of cyclopentolate, 1% (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), with 5 readings taken and averaged. A noncontact tonometer (HNT-7000; Huvitz) was used
to measure the intraocular pressure with 3 repeated measurements.
Additionally, a detailed interviewer-administered questionnaire answered by parents was used to collect the information of their children on the age at myopia onset, number
of parents with myopia, and time near work and outdoors activities (hours per day) after school hours.4,25,26

110 Randomized to receive atropine,
0.01%
110 Received intervention
as randomized

110 Randomized to receive placebo
110 Received intervention
as randomized

16 Excluded after 6 mo
8 Worry about adverse effects
3 Converted to orthokeratology
treatment
3 Lost to contact
2 Difficult to stick to eyedrops

9 Excluded after 6 mo
3 Worry about adverse effects
3 Converted to orthokeratology
treatment
1 Lost to contact
2 Difficult to stick to eyedrops

18 Excluded after 1 y
6 Worried about adverse effects
4 Converted to orthokeratology
treatment
6 Lost to contact
2 Difficult to stick to eyedrops

18 Excluded after 1 y
8 Worried about adverse effects
6 Converted to orthokeratology
treatment
4 Lost to contact

76 Included in analysis

83 Included in analysis

variance were used to determine statistical significance between the atropine and control groups. The χ2 tests were used
to compare the categorized data. 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 atropine, 0.01%, group, the multiple log-binomial regression analysis was performed using those factors as the dependent variable. Analyses were only performed on the right eye.
A 2-sided P-value less than .05 was considered statistically significant for the primary outcome.

Outcomes
The SE was calculated as the dioptric powers of the sphere and
half of the cylinder (sphere + 0.5 × cylinder). Myopia progression defined as the mean change in cycloplegic SE over 1 year.
Three levels of myopia progression were defined as less than
0.50 D (mild), between 0.50 D and less than 1.00 D (moderate), and 1.00 D or greater (severe). If the myopia progression
was less than 0.50 D over 1 year, children were considered as
nonprogressors and otherwise as progressors. The secondary
outcomes included AL change over 1 year. Adverse events were
recorded based on what patients and parents were asked and
examined during the treatment.

Statistical Analyses
For all analyses, SPSS, version 20.0 (SPSS), was used. For continuous variables, the independent t test and analysis of cojamaophthalmology.com

Results
Between April 2018 and July 2019, a total of 268 children were
initially assessed in this study; 21 of them did not meet the inclusion criteria, 12 of them met the exclusion criteria, and 15
of them declined to participate in this study, leaving 220 children were enrolled in the study with equal randomization to
the atropine, 0.01%, and the placebo-control groups (Figure 1).
At baseline, there were no relevant differences identified in demographics, initial SE, initial AL, IOP, age at myopia onset, parental myopia, time outdoors, and near work between 2 groups
(Table 1). Twenty-five participants (11.4%) did not complete the
first 6 months of the study (16 in the atropine, 0.01%, group
and 9 in the placebo group; Figure 1). Finally, a total of 76 children (69%) and 83 children (75%) allocated into the atropine,
(Reprinted) JAMA Ophthalmology Published online October 1, 2020
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Table 1. Demographics and Baseline Characteristics of Participants
Group, mean (SD)
Variables

Atropine (n = 110)

Placebo (n = 110)

6 to <7

9 (8.2)

4 (3.6)

7 to <8

11 (10.0)

7 (6.4)

8 to <9

28 (25.5)

20 (18.2)

9 to <10

22 (20.0)

27 (24.5)

10 to <11

20 (18.2)

23 (20.9)

11 to <12

20 (18.2)

29 (26.4)

Mean (SD)

9.44 (1.80)

9.84 (1.53)

56/54

61/49

6 to <7 y

−2.14 (1.25)

−2.95 (2.43)

7 to <8 y

−1.89 (0.98)

−2.30 (1.69)

8 to <9 y

−2.20 (1.03)

−2.70 (1.22)

9 to <10 y

−2.53 (1.44)

−2.23 (1.29)

10 to <11 y

−2.36 (1.09)

−2.77 (1.44)

11 to <12 y

−3.04 (1.25)

−2.91 (1.60)

Mean (SD)

−2.52 (1.33)

−2.64 (1.46)

6 to <7 y

24.03 (0.82)

24.70 (0.50)

7 to <8 y

24.00 (0.57)

24.37 (1.24)

8 to <9 y

24.29 (0.57)

24.51 (0.73)

9 to <10 y

24.45 (0.59)

24.58 (0.94)

10 to <11 y

24.69 (0.53)

24.86 (0.98)

11 to <12 y

24.99 (0.82)

24.86 (1.11)

Mean (SD)

24.50 (0.76)

24.69 (0.97)

IOP, mm Hg

15.84 (2.89)

15.84 (2.76)

Age at myopia onset, D

7.76 (1.70)

8.07 (1.68)

None

5 (4.5)

7 (6.4)

1

42 (38.2)

34 (30.9)

Both

63 (57.3)

69 (62.7)

Time outdoors, h/d

1.40 (0.59)

1.55 (0.57)

Near work, h/d

3.21 (1.42)

3.37 (1.44)

Age, y, No. (%)

Male/female, No.
Initial SE, D

Initial AL, mm

Parental myopia, No. (%)

Abbreviations: AL, axial length; IOP, intraocular pressure; SE, spherical
equivalent.

0.01%, and placebo groups, respectively, returned for the 1-year
primary outcome assessment visit (Figure 1). There was no significant difference in initial SE and AL between completed and
discontinued patients in the atropine, 0.01%, group as well as
placebo group. Baseline characteristics for those children who
completed the 1-year follow-up are shown in eTable 1 in Supplement 2.
At the 1-year follow-up, the mean (SD) myopia progression values for the atropine, 0.01%, group and the placebo
group were −0.49 (0.42) D and −0.76 (0.50) D (mean difference, 0.26 D; 95% CI, 0.12-0.41 D; P < .001), with relative
reduction of 34.2% in myopia progression (Table 2). Nonprogressors had a mean myopia progression of −0.14 (0.23) D
compared with −0.83 (0.24) D for progressors (P < .001). The
mean 1-year change in spherical equivalent was −0.49 D
(95% CI, −0.59 to −0.39 D) for the atropine, 0.01%, group
E4

and −0.77 D (95% CI, −0.86 to −0.67 D) for the placebo group
(analysis of covariance, mean difference, 0.28 D; 95% CI,
0.14-0.42 D; P < .001) after adjusting for age at baseline. The
mean (SD) axial elongation values for the atropine, 0.01%,
group and placebo group were 0.32 (0.19) mm and 0.41
(0.19) mm (mean difference, 0.09 mm; 95% CI, 0.03-0.15
mm; P = .004), with a reduction of 22.0% in axial elongation
(Table 2). Nonprogressors had a mean (SD) axial elongation
of −0.18 (0.14) mm, compared with −0.45 (0.14) mm for progressors (P < .001). The mean 1-year change in axial length
was 0.31 mm (95% CI, 0.27-0.35 mm) for the atropine,
0.01%, group and 0.41 mm (95% CI, 0.37-0.45 mm) for the
placebo group (analysis of covariance, mean difference, 0.10
mm; 95% CI, 0.05-0.16 mm; P < .001) after adjusting for age
at baseline.
At 6 months, 81.6% of children progressed by less than 0.5
D in the atropine, 0.01%, group compared with 61.5% in the
placebo group, whereas no children progressed by 1.00 D or
greater, compared with 3.6% in the placebo group (Figure 2).
At 12 months, 48.7% of children progressed by less than 0.50
D and 13.2% at least 1.00 D in the atropine, 0.01%, group, compared with 30.1% and 34.9%, respectively, in the placebo group
(Figure 2).
eTable 2 in Supplement 2 presents a comparison of demographics and other characteristics between nonprogressors and
progressors in the atropine, 0.01%, group. In multiple logbinomial regression analyses, among the atropine, 0.01%,
group, a higher risk of being a progressor was associated with
initial SE (relative risk [RR], 1.324; 95% CI, 1.048-1.620;
P = .004; eTable 3 in Supplement 2). The adjusted analysis
showed that the risk of progressive myopia increased by 32.4%
for every 1.0 D less initial SE. However, among the placebo
group, no association was found for risk factors with progressors in multiple log-binomial regression analyses (eTable 4 in
Supplement 2).
No serious adverse events associated with atropine were
reported. Five children (4.5%) reported photophobia in the atropine, 0.01%, group compared with 1 child (0.9%) in the control group. Allergic reactions were uncommon, with 4 children experiencing allergic conjunctivitis; 1 of them was in
control group. None of the children in either group reported
near-blurred vision.

Discussion
In this study, we found that a once-nightly dose of atropine,
0.01%, eyedrops resulted in reduction of myopia progression
by a mean (SD) of 0.26 (0.07) D (34.2% reduction) and axial
elongation by 0.09 (0.03) mm (22.0% reduction) compared
with placebo treatment. To our knowledge, this study is the
first randomized, double-masked, placebo-controlled trial to
show the efficacy of atropine, 0.01%, eyedrops in mainland
China. However, the clinical relevance of these results cannot be determined from this trial because there was a loss to
follow-up of approximately 30%, the follow-up is limited to 1
year, and it is not known whether these findings translate to
a slowing of pathologic myopia.
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Table 2. Mean Change in SE and AL at Follow-up Visits
Group
Variables

Atropine (n = 76)

Placebo (n = 83)

Difference

95% CI

P value

Change at 6 mo

−0.21 (0.32)

−0.36 (0.38)

0.16 (0.06)

0.05-0.27

.005

Change at 12 mo

−0.49 (0.42)

−0.76 (0.50)

0.26 (0.07)

0.12-0.41

<.001

Change at 6 mo

0.16 (0.12)

0.21 (0.11)

0.05 (0.02)

0.02-0.09

.005

Change at 12 mo

0.32 (0.19)

0.41 (0.19)

0.09 (0.03)

0.03-0.15

.004

SE, mean (SD), D

AL, mean (SD), mm

Figure 2. Distribution of Mild, Moderate, and Severe Myopia Progression
in atropine, 0.01%, and Placebo Groups at 6 and 12 Months
100
Mild
Moderate

80

Rate, %

Severe
60

40

20

0
Atropine,
0.01%

Placebo

6 mo

Atropine,
0.01%

Placebo

12 mo

Myopia progression from baseline if less than 0.50 D (mild), between 0.50 D
and less than 1.00 D (moderate), and greater than 1.00 D (severe).

A summary of the randomized clinical trials and casecontrol studies for atropine, 0.01%, is presented in Table 3.
In a retrospective case-control study21 of 52 treated and 50
control European children, the atropine, 0.01%, group had a
slower myopia progression of a mean (SD) of 0.54 (0.26) D/y
than that of the control group at −1.09 (0.64) D/y. In 2019,
the LAMP study 24 first provided placebo-compared evidence of low-concentration atropine eyedrops in myopia
control. After 1 year, the mean (SD) myopic progression was
−0.27 (0.61) D, −0.46 (0.45) D, −0.59 (0.61) D, and −0.81
(0.53) D, in the atropine, 0.05%, 0.025%, and 0.01%, groups
and placebo groups, respectively. In our study, the mean
(SD) difference between the atropine, 0.01%, and placebo
groups in myopia progression was 0.26 (0.07) D (34.2%
reduction) at 1 year. It should be noted that the relative
reduction of 34.2% in myopia progression in our study was
smaller than the study conducted in the Europe. 21 We
hypothesize that this may owing to the fact that less pigmented eyes, on average, are more sensitive to cycloplegic
agents for those of populations of European origin. In addition, the educational systems between Eastern and Western
cultures, on average, may be different.27,28 Eastern students,
on average, may be more likely to spend more time on their
studies, potentially making them more susceptible to myopia progression.26,29,30 Therefore, it may be more difficult to
slow the rate of myopia progression for Eastern students.
jamaophthalmology.com

Abbreviations: AL, axial length;
SE, spherical equivalent.

The LAMP study24 found 43.8% of patients had myopic
progression by less than 0.50 D in the atropine, 0.01%, group
over 1 year, which is in agreement with the LAMP study, found
48.7% in our study. Thus, it should be noted that more than
50% of children progressed by at least 0.5 D after 1 year of atropine, 0.01%, treatment. Previous studies have demonstrated a dose-dependent effect of atropine on reducing myopia progression.19,24 It would may be a reasonable strategy for
those children with myopia to be treated initially with atropine, 0.01%; if myopia progression was still faster, then change
to a higher concentration.31 In a retrospective, case-control
study, Lee et al32 found that only 16.7% of patients treated with
atropine, 0.05%, eyedrops progressed greater than 0.50 D in
1 year.
A previous study33 has shown that the risk of progressive
myopia was associated with younger age at baseline and higher
initial SE among the 182 children treated with atropine, 1%, for
1 year. As found in this study, our study observed that the risk
of progressive myopia was associated with younger age at baseline in the unadjusted regression analysis. This may be predominantly explained by the fact that younger children experience more myopia progression,34 leading to more progressors
in younger age. Thus, it should be noted that younger children with myopia who received atropine, 0.01%, for treatment should be more aware of whether they need to switch
to higher-concentration atropine treatment.
Fewer studies have reported the efficacy of the atropine
eyedrops in slowing axial elongation, although it is important to reflect the treatment effect. To date, the LAMP study24
has provided the only direct comparison of changes in AL between the atropine, 0.01%, and placebo. This study found that
a mean (SD) axial length change was 0.36 (0.29) mm and 0.41
(0.22) mm in the atropine, 0.01%, and placebo groups over 1
year, with reduction of only 12% in axial elongation. Our study
showed that mean (SD) axial elongation values for the atropine, 0.01%, group and placebo group were 0.32 (0.19) mm and
0.41 (0.19) mm at 1 year, with reduction of 22.0% in axial elongation. Although the mean progression of axial length was
lower in the atropine, 0.01%, group compared with the control group in our study, the reduction of axial elongation by 0.09
mm at 1 year is not of great clinical significance.
Overall, atropine, 0.01%, was generally well tolerated and
no serious adverse effects were observed.19,24,35 Similar to our
experience, Yam et al24 observed 2 participants (2.1%) had photophobia and 7 participants (6.4%) had allergic conjunctivitis
in the atropine, 0.01%, group. The LAMP study reported a small
reduction in accommodation by 0.26 D, a dilation of pupils by
(Reprinted) JAMA Ophthalmology Published online October 1, 2020
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Table 3. Summary of Design and Key Results From RCTs Case-Control Studies That Include Atropine, 0.01%
Duration
Source

Design

Age
range, y

This study,
2020, Mainland
China

RCT

6-12

Chia et al,19
2012,
Singapore
Clark et al,23
2015, United
States
Yam et al,24
2018, Hong
Kong, China

Sacchi et al,21
2019, Italy
Larkin et al,22
2019, United
States

RCT

Retrospective

RCT

Retrospective

Retrospective

6-12

6-15

4-12

5-16

6-15

Mean (SD)
Size

Duration

Myopia
range, D

220

1

−0.5 to −6

400

60

438

102

198

2

1

1

1

2

−2 to −6

−0.25 to
−8.00

At least
−1.0

NA
−0.25 to
−8.00

Treatments

Baseline
age, y

A, 0.01%
Placebo

Average
myopia, D

Myopia
progression, D

Axial elongation,
mm

9.44 (1.80) −2.52 (1.33)

−0.49 (0.42)

0.32 (0.19)

9.84 (1.53) −2.64 (1.46)

−0.76 (0.50)

0.41 (0.19)

A, 0.5%

9.7 (1.5)

−4.3 (1.8)

−0.30 (0.60)

0.27 (0.25)

A, 0.1%

9.7 (1.6)

−4.5 (1.4)

−0.38 (0.60)

0.28 (0.28)

A, 0.01%

9.5 (1.5)

−4.5 (1.5)

−0.49 (0.63)

0.41 (0.32)

A, 0.01%

10.2 (2.2)

−2.0 (1.6)

−0.1 (0.6)

NA

Placebo

10.2 (2.2)

−2.0 (1.5)

−0.6 (0.4)

NA

A, 0.05%

8.45 (1.81) −3.98 (1.69)

−0.27 (0.61)

0.20 (0.25)

A, 0.025%

8.54 (1.71) −3.71 (1.85)

−0.46 (0.45)

0.29 (0.20)

A, 0.01%

8.23 (1.83) −3.77 (1.85)

−0.59 (0.61)

0.36 (0.29)

Placebo

8.42 (1.72) −3.85 (1.95)

−0.81 (0.53)

0.41 (0.22)

A, 0.01%

9.7 (2.3)

−3.00 (2.23)

−0.54 (0.61)

NA

Placebo

12.1 (2.9)

−2.63 (2.68)

−1.09 (0.64)

NA

A, 0.01%

9.3 (2.1)

−3.1 (1.9)

−0.2 (0.8)

NA

Placebo

9.2 (2.1)

−2.8 (1.6)

−0.6 (0.4)

NA

Abbreviations: A, atropine; NA, not applicable; RCT, randomized clinical trial.

0.5 mm in atropine, 0.01%, group, which is not a major clinical issue.24 Cooper et al36 reported atropine, 0.02%, as the
threshold dose without producing significant clinical symptoms from accommodation paresis or pupillary dilation by comparing different doses of topical atropine in adolescents.

only through 1 year, limited information on the clinical relevance of the magnitude of the greater slowing of myopia in
the atropine group, and inability to determine whether the atropine effect has relevance for reducing the development or
progression of pathologic myopia.

Strengths and Limitations
The strengths of this study included its randomized, doublemasked, and placebo-controlled trial design, the standardized measurement of refractive errors using cycloplegia, and
the inclusion of outcome by performing axial length. However, there are several shortcomings in our study. First, we
could not avoid the potential for unmasking of the participants attributable to the atropine-induced photophobia and
cycloplegia as well as other atropine eyedrops studies. In
addition, this study only evaluated the efficacy of lowconcentration atropine eyedrops at the level of 0.01%. Thus,
further studies should be carried out to compare the efficacy
of other lower doses of atropine in mainland China. Other limitations include the potential bias introduced by loss to
follow-up of approximately 70% in each group, follow-up

Our study discovered that atropine, 0.01%, can slow the progression of myopia and axial length in children with low and
moderate myopia, compared with placebo treatment. A
once-nightly dose of atropine, 0.01%, eyedrops was well tolerated without serious adverse events. While the clinical relevance of the results cannot be determined from this trial,
these 1-year results, limited by approximately 70% followup, suggest that atropine, 0.01%, eyedrops can slow myopia
progression and axial elongation in children and warrant
future studies to determine longer-term results and potential effects on slowing sight-threatening pathologic changes
later in life.

Statistical analysis: Wei, Du.
Obtained funding: Wang.
Administrative, technical, or material support: Wei,
Li, Liang, Sun.
Supervision: Li, Liang, Wang.
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