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Abstract

Background: The effect and safety of atropine on delaying the progression of myopia has been extensively
studied, but its optimal dose is still unclear. Therefore, the purpose of this meta-analysis is to systematically evaluate
the safety and effectiveness of atropine in controlling the progression of myopia, and to explore the relationship
between the dose of atropine and the effectiveness of controlling the progression of myopia.

Methods: This work was done through the data searched from PubMed, MEDLINE, EMBASE, and the Cochrane
Central Register of Controlled Trials. The Cochrane Handbook was also used to evaluate the quality of the included
studies. In addition, a meta-analysis was performed using Revman5.3 software.

Results: A total of 10 randomized controlled trials (RCTs) were included. Myopia progression was mitigated greater
in the atropine treatment group than that in the control group, with MD =—0.80, 95% Cl (—0.94, — 0.66) during the

period.

atropine was likely to be the optimal dose.
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whole observation period. There was a statistical difference among 0.05, 0.5, and 1.0% atropine (P=0.004). In
addition, less axial elongation was shown, with MD =—0.26, 95% Cl (—0.33, — 0.18) during the whole observation

Conclusion: The effectiveness of atropine in controlling the progression of myopia was dose related. A 0.05%

Background

Myopia is a multifactorial disease caused by the uncoor-
dinated development of various parts of the eyeball dur-
ing the process of emmetropization, which is affected by
the environment and genes. It is a mismatch between
the optical power and length of the eye, causing the in-
coming light to be focused in front of the retina. It was
the most common eye disease in children and adoles-
cents, and has grown rapidly worldwide over the past
few decades, especially in East Asian regions where the
prevalence of myopia in young adults was around 80—
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90% [1]. It has been predicted that 4.8 billion people in
the world would be myopic by the year 2050, which
means that 50% of children would become myopic 30
years later [2].

Myopia have an impact on children’s academic per-
formance, children’s physical activity, psychological de-
velopment and employment choices. Children with an
early onset of myopia, always accompanied with high
progression rates, had a higher incidence of high myopia,
and a greater risk of glaucoma, cataract, myopic maculo-
pathy, retinal detachment and choroidal neovasculariza-
tion [3]. Myopia, an urgent public health issue, is the
leading cause of preventable blindness in children and
adolescents [4].
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Currently, there are several approaches to slow down the
progression of myopia. First, an increased outdoor activities,
and a reduced near work or study could delay the progress
of myopia [5], but the outdoor time was limited because of
the high educational pressure. Second, compared to emme-
tropic and hyperopic counterparts who demonstrated rela-
tive peripheral myopia, people with myopia displayed
relative peripheral hyperopia. Orthokeratology lens could
shift the relative peripheral refraction in the myopic direc-
tion [6], slow the axial elongation and thus help to delay
the myopia progression [7]. However, orthokeratology lens
is not appropriate for all the patients, such as patients with
severe dry eye or keratitis. Third, atropine, an anticholiner-
gic blocking agent, plays an important role in the different
kinds of ocular tissues and slowed the axial elongation of
the eye and the myopia progression [8].

Although many studies have demonstrated the effect-
iveness of atropine in controlling myopia, its optimal
dose is still under research and has not been approved
by the FDA [9]. Therefore, a meta-analysis was con-
ducted in this work to systematically evaluate the safety
and effectiveness of atropine in controlling the progres-
sion of myopia, and to explore the relationship between
the dose of atropine and the effectiveness of controlling
the progression of myopia.

Methods

This meta-analysis of prospective randomized controlled
trials (RCTs) was performed according to the PRISMA
statement. The PRISMA Checklist was shown in the
Supplementary Dataset. No protocol was used for this
meta-analysis.

Information source and search strategy

A purposive literature search was conducted in PubMed,
MEDLINE, EMBASE, and the Cochrane Central Register
of Controlled Trials using Medical Subject Headings
(MeSH) and free words closely related with myopia and
atropine. ((((((((((((Atropine)) OR (Atropinol)) OR (Atro-
pine Sulfate)) OR (Sulfate, Atropine)) OR (Atropine Sul-
fate Anhydrous)) OR (Anhydrous, Atropine Sulfate)) OR
(Sulfate Anhydrous, Atropine)) OR (AtroPen)) OR (Atro-
pin Augendl)) OR (Augenol, Atropin))) AND (((((Near-
sightednesses)) OR (Nearsightedness)) OR (Myopias)) OR
(Myopia)) was used for searching the PubMed. We also
searched clinicaltrials.gov and the reference lists of pub-
lished reviews to find additional relevant studies. The final
search date was January 20, 2020. It is noted that only
studies published in English were used.

Eligibility criteria
The included studies must meet the following criteria:

(1) A randomized placebo-controlled clinical trials.
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(2) Spherical equivalent refraction more than — 0.25D
measured by cycloplegic autorefraction was
diagnosed with myopia.

(3) All patients were under 18 years old.

(4) Atropine was used for at least 1 year.

(5) The study reported at least the annual rate of
myopia progression.

Congling Zhao and Chunyan Cai independently
reviewed title, abstract, and full-length article to identify
potentially eligible articles using the criteria listed above.
Disagreements regarding eligibility were resolved
through a discussion with Qiang Ding. When a study
was reported more than once, only the latest study was
included to avoid double inclusion of data. When a
study contained different doses of atropine, only the
dose recommended by the study was included. The list
of exclusion studies and reasons for exclusion were
shown in the Supplementary Dataset.

Data extraction

Two reviewers (Congling Zhao and Qiang Ding) inde-
pendently extracted data using the pre-established ex-
traction tables, including the following: (1) Basic
characteristics of the study, including the name of the
first author, year of publication, and follow-up time (2)
Basic characteristics of the patients, including the age of
the patients, equivalent spherical power before treat-
ment, changes of cycloplegic spherical equivalent,
changes of axial elongation, adverse reactions, etc.

Qualitative assessment

The quality of the included studies was assessed by the
Cochrane Handbook, including 6 items: random se-
quence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and
other biases. Two reviewers determined the risk of bias
which had three options (low, high, and unclear). When
necessary, we contacted the authors of the studies to ob-
tain the full text or related information for an accurate
assessment.

Statistical analysis

Review Manager (version 5.3; Cochrane Collaboration)
was used for data analysis. The statistical heterogeneity
of included studies was tested by the Cochrane I test. If
1> was 50% or less, indicating a low-to-moderate hetero-
geneity, a fixed-effect model was used. If I* was higher
than 50%, indicating a high degree of heterogeneity, a
random effects model was applied. MD with a 95% con-
fidence interval (CI) was used to estimate the effective-
ness. A sensitivity analysis was performed by excluding
the included studies one by one.
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Results

Search results

A total of 542 studies were retrieved. Finally, 10 studies
were included in this meta-analysis. The basic character-
istics of the 10 studies are shown in the Table 1. There
were 809 patients in the atropine group and 814 patients
in the control group. 0.05% atropine was used in one
study, 0.5% atropine was used in five studies, and 1.0%
atropine was used in the other four studies. The litera-
ture screening process is shown in Fig. 1.

Methodological quality evaluation

The results of the methodological evaluation according
to the Cochran Handbook are shown in Fig. 2. Only two
studies reported the generation of random sequences, of
which one study was conducted [10] through a
computer-generated randomization list and the other [5]
through a computer SAS package.

Efficacy analysis

Spherical equivalent refraction

The ten studies all reported the changes of equivalent
spherical power. The overall heterogeneity I* was 95%,
so a subgroup analysis was performed using a random
effects model. The less myopia progression was shown
in 0.05% atropine group (MD, -0.54; 95% CI, - 0.69 to
-0.39; p<0.05), 0.5% atropine group (MD, - 0.89; 95%
CL - 1.04 to - 0.75; p<0.05), 1% atropine group (MD, -

Table 1 Basic characteristics of included studies
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0.75; 95% CI, — 1.20 to - 0.30; p<0.05) than that of the
control group during the whole observation period. The
overall MD was - 0.80 (95% CI - 0.94 to - 0.66). There
were statistical differences between the atropine group
and the control group (P = 0.004) (See Fig. 3).

Axial length

Seven studies reported the changes for the axis of the
eyes. The date showed a less axial elongation in 0.05%
atropine group (MD, -0.21; 95% CI -0.27 to -0.15),
0.5% group (MD, —0.20; 95% CI - 0.48 to 0.08) and 1%
atropine group (MD, -0.34; 95% CI -0.40 to —0.28)
than that of the control group during the whole observa-
tion period. The overall MD was —0.26 (95% CI -0.33
to — 0.18; P<0.05) (See Fig. 4).

Adverse effects

A total of five studies showed the adverse effects
(Table 2). Among them, the most common adverse ef-
fect was photophobia, and the others included allergy,
headache, blushing, and gastrointestinal reaction. No
serious complications were found at any dose of
atropine.

Sensitivity analysis and publication bias

We performed a sensitivity analysis for the spherical
equivalent refraction and the changes for the axis of the
eyes. When Wang’s study [16] was excluded individually

Source Country/ Follow- Included Age, Baseline Refraction,  Experimental Control  Total No. of Patients (test
Area up, M Atropine Year Diopter (Mean+SD) group group group/control group)
Dose, %
Chuaetal, Singapore 12 1 6-12 —358+1.17 1% Atropine placebo  156/190
2005 [10]
Hsiao et al,  Taiwan 18 0.5 <18 —=326+0.15 0.5%Atropine+Multi-  Multi- 66/61
2005 [11] focal focal
lenses
Kumaran Singapore 36 1 6-12 —-3.36 1% Atropine placebo  147/166
et al, 2015
[12]
Polling et al, Europeans 12 0.5 <18 —66+33 0.5% Atropine placebo  60/17
2016 [13]
Shih et al, Taiwan 18 0.5 6-13 —-328+0.13 0.5%Atropine+multi- - multi- 66/61
2001 [14] focal focal
glasses
Shin et al., Taiwan 12 0.5 6-13 —4.89+2.06 0.5,0.25,0.1% placebo  41/49
1999 [15] Atropine
Wang et al,  China 12 0.5 5-10 -13+04 0.5% Atropine placebo  63/63
2017 [16]
Yam et al, China 12 0.05 4-12 -398+1.69 0.05,0.025,0.01% placebo  110/111
2018 [17] Atropine
YEN et al, Taiwan 12 1 6-14 —1.523+0.960 1% Atropine placebo  32/32
1989 [18]
Yietal, 2015 China 12 1 7-12 =123+£032 1% Atropine placebo  68/64

[19]
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atropine Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 0.05% atropine
Yametal, 2018 027 0861 110 081 053 111 106% -0.54[0.69,-0.39) -
Subtotal (95% ClI) 110 111 10.6% -0.54[-0.69,-0.39] L 4

Heterogeneity: Not applicable
Test for overall effect: Z=7.02 (P < 0.00001)

1.1.2 0.5% atropine

Hsiao et al, 2005 0.41 016 66 1.28 018 61 11.8% -0.87[0.93,-0.81] -
Polling et al, 2016 0.1 0.7 60 05 06 17 71% -0.40[-0.74,-0.08) I
Shih etal, 2001 0.42 007 66 1.19 0.07 61 120% -0.77[0.79,-0.75] "
Shinetal, 1999 0.04 063 41 1.06 061 49  86% -1.02[-1.28,-0.76] -
Wang et al, 2017 -0.5 047 63 0.8 058 63 100% -1.30[1.48,-1.12] -

Subtotal (95% Cl) 296 251  49.5% -0.89[-1.04,-0.75] L 2

Heterogeneity: Tau®= 0.02; Chi*= 47.17, df= 4 (P < 0.00001); F= 92%
Test for overall effect: Z=12.10 {P < 0.00001)

1.1.3 1.0% atropine

Chua et al, 2005 0.28 082 156 1.2 069 180 10.2% -0.92[1.09,-0.75) -

Kumaran et al, 2015 135 085 147 155 08 166 100% -0.20[-0.38,-0.02 ]

YEN et al, 1989 0.219 0538 32 0914 058 32 83% -0.70[-0.97,-0.42) -

Yietal 2015 -0.32  0.22 68 085 0.3 64 11.5% -1.17[1.26,-1.08] -

Subtotal (95% CI) 403 452 39.9% -0.75[-1.20,-0.30] -

Heterogeneity: Tau®= 0.20; Chi®*=889.43, df= 3 (P < 0.00001); F=97%

Test for overall effect: Z= 3.26 (P = 0.001)

Total (95% CI) 809 814 100.0% -0.80[-0.94, -0.66] L g

Heterogeneity: Tau®= 0.04; Chi*= 164.38, df= 9 (P < 0.00001); F= 95% 5 4 : 1 ¥

Test for overall effect: Z=11.25 (P < 0.00001)
Testfor subaroup differences: Chi*=11.08. df=2 (P = 0.004). F=81.9%

Fig. 3 Forest Plots of the Effect of Atropine on Refraction. The progression of myopia was defined as the change in spherical equivalent refractive

error relative to the end point. For this scale, negative value indicated myopia improvement and positive value indicated myopia progression. SD,
standard deviation. Cl, confidence interval
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Polling et al, 2016 011 02 B0 -012 014 17 152%  0.01 [0.07,0.09) T
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Wang etal, 2017 11 318 B3 05 378 B3 04% -1.60[282,-038
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Chua etal, 2005 -0.02 035 156 038 038 190 157% -0.40[-0.48,-0.32) -
Kumaran etal, 2015 0.26 027 147 053 046 166 153% -0.27[0.35-0.19] -
Yietal 2015 -0.03 007 68 032 015 64 179% -0.35[-0.39,-0.31] -
Subtotal (95% CI) 371 420 48.9% -0.34[-0.40,-0.28] +

Heterogeneity: Tau®= 0.00; Chi*=5.19, df= 2 (P=0.07); F=61%
Test for overall effect: Z=11.07 (P < 0.00001)

Total (95% CI) 670 672 100.0% -0.26[-0.33,-0.18] L4
Heterogeneity: Tau®= 0.01; Chi*= 77.18, df = 6 (P < 0.00001); = 92% + 4 ) 1
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Fig. 4 Forest Plot of the Effect of Atropine on Axial Length. Changes in axial length was defined as end point value subtracted by baseline value.
For this scale, negative value indicated myopia improvement and positive value indicated myopia progression
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Table 2 The adverse effects on the different dose of atropine studies

Source Atropine Adverse effects
Dose, %
Chua et al,2005 1 No serious adverse events. Reasons for withdrawal: allergic or hypersensitivity reactions or discomfort (4.5%), glare
[10] (1.5%), blurred near vision (1%), logistical difficulties (3.5%), and others (0.5%).
Polling et al, 0.5 Photophobia (72.4%); reading problems (37.7%); headaches(22.4%); systemic flushes (only in a minority); pain in

2016 [13]

the eye, irritated eyes, overflow of tears, trouble with depth perception, cosmetically disfiguring pupils, and an

unpleasant taste in mouth (all reported only in one patient).

Yam et al,2018 0.05

Gastroenteritis, influenza, or asthmatic attack(1 case)

[17]

YEN et al, 1989 1 Photophobia (100%), No systemic or ocular complications
[18]

Yietetal, 2015 1 No complain

[19]

from this study, the random-effect pooled estimate for the
subgroup differences was least significant (P =0.02,]> =
75.1%). The myopia progression was — 0.79D, 95% CI: (-
0.89, - 0.61), similar to that of all the included studies.
Therefore, the original result was robust. There were no
significant differences between the atropine group and the
control group. Funnel plots did not suggest significant
publication bias (See Supplementary Dataset).

Discussion

Myopia is a widespread eye disease in the world. Every
year, myopia-related complications causes a huge socio-
economic burden and especially progressive high myopia
even may lead to potentially blinding complications.
Currently, the best treatment strategy is to control the
progression of myopia.

In this meta-analysis, less myopia progression was
shown in the atropine treatment group than that of the
control group during the whole observation period, with
MD =-0.80, 95% CI (-0.94, —0.66). Moreover, there
was a statistical difference among 0.05, 0.5, and 1.0% at-
ropine groups (P =0.004). Less axial elongation was also
shown in the atropine treatment group, with MD = -
0.26, 95% CI (- 0.33, — 0.18). This confirmed the role of
atropine in myopia and suggested that its effectiveness
was related to its dose [20], and 0.05% atropine could ef-
fectively control the progression of myopia [21].

Song et al. identified that the effectiveness of atropine
was related to its dose. A low dose of atropine worsened
the progression of myopia. 0.5 and 1.0% of atropine
could safely and effectively control the progression of
low to moderate myopia [22]. However, the meta-
analysis done by Song et al. only included 6 studies in
2011. In addition, the low-dose atropine only included
0.1 and 0.25% and no placebo control was used. There-
fore, it is impossible to determine whether the low-dose
atropine is ineffective or if it has a worse effectiveness
than the higher dose of atropine.

Gong et al. reported that the effectiveness of atropine
was independent of its dose, but its side effects were
dose-dependent [23]. However, it included the Cohort
study which had insufficient evidence.

A recent 2-year follow-up observation [24] in children
in the United States found that 0.01% atropine could ef-
fectively control the progression of myopia. A meta-
analysis [25] published last year verified the effectiveness
of 0.01% atropine on myopia, but it did not show the ef-
fectiveness of other doses.

When atropine was discontinued after 1 year usage in
the atropine group, myopia progressed faster than that
of the placebo group [26], especially for a high-dose at-
ropine (low-dose atropine cases rebounded less after dis-
continuation) [27]. Therefore, the effectiveness of
rebound was closely related to its dose.

This meta-analysis provides evidence-based medical
evidence for the use of atropine in controlling the pro-
gression of myopia by including only high-quality RCTs.
This meta-analysis verified that the effectiveness of atro-
pine in controlling myopia progression was closely re-
lated to the dose. 0.05% atropine might be the optimal
dose which could slow the myopia progression and had
the least adverse effects and rebound after discontinu-
ation. Although only one study in our meta-analysis
confirmed the effectiveness of 0.05% atropine, the study
was of good quality after the Methodological Evaluation
and was currently the largest placebo-controlled RCT to
comprehensively evaluate its safety and effectiveness. In
our study, the same conclusion is also got. Therefore,
the study is sufficient to indicate that 0.05% may be the
best dose of atropine according to all the doses of atro-
pine in this meta-analysis. If atropine can be widely used
in clinical prevention and controlling myopia, it will help
prevent high myopia and related complications.

Kinoshita reported that the combined application of
0.01% atropine eye drops and orthokeratology can sig-
nificantly slow the axis elongation compared to the use
of orthokeratology alone [28]. A retrospective study also
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reported similar results [29]. But the elongation of the
eye axis could not predict the progression of myopia ac-
curately. Therefore, the effectiveness of the combined
application of atropine and orthokeratology needed to
be further studied.

There were several limitations. First, although this
meta-analysis had established strict inclusion and exclu-
sion criteria, the heterogeneity was still high after using
the subgroup analysis. However, through the sensitivity
analysis, the results of this meta-analysis were stable and
consistent. Secondly, there were no studies involving
0.01% atropine in this study. And some of the included
studies did not report adverse reactions, and few studies
reported the progression of myopia after atropine was
discontinued. The further determination and validation
of the optimal dose required additional research.

Conclusions

The effectiveness of atropine in controlling the progres-
sion of myopia was closely related with dose. A 0.05% at-
ropine was likely to be the optimal dose.
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