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Abstract

e AIM: To assess the efficacy versus the adverse effects
of various concentrations of atropine in the prevention of
myopia in Asian children.

o METHODS: Databases (PubMed, EMBASE, the Cochrane
Library and Web of science) were comprehensively searched
from inception to April 2022. Types of studies included were
randomized clinical trials (RCTs). The published languages
were limited to English. Two researchers assessed the
quality of included studies independently using Cochrane risk
of bias tool based on the Cochrane Handbook for Systematic
Reviews of Interventions. Funnel plots and Egger’s test were
used for detection of publication bias. Meta-analyses were
conducted using STATA (version 15.0; StataCorp).

e RESULTS: A total of 15 RCTs involving 2268 patients
were included in the study. In the atropine group, spherical
equivalent progressed at a significantly lower rate [weighted
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mean difference (WMD)=0.39, 95% confidence interval
(CI): 0.23, 0.54] than in the control group. A WMD of
0.15 mm was associated with less axial elongation (95%Cl
-0.19, -0.10). Different doses showed statistically significant
differences (P<0.05) and an improved effect could result
from a higher concentration. Changes in photopic pupil size
and mesopic pupil size in atropine group is 0.70 mm (95%Cl:
0.33, 1.06) and 0.38 mm (95%Cl: 0.22, 0.54) more than
the control group. In the present Meta-analysis, no changes
in accommodative amplitude (AA) were associated with
atropine administration. Atropine administration increased
the risk of adverse effects by 1.37 times.

o CONCLUSION: Concentrations of less than 1% atropine
are able to effectively retard diopter and axis growth of
myopia in Asian children in a dose-dependent manner.
Meanwhile, it caused pupil enlargement, but induced no
change in the AA within this range. Further study is required
to determine the dosage needed to achieve maximum
efficacy and minimal side effects.
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INTRODUCTION

yopia, or nearsightedness, is one of the most common
M refractive errors. It occurs when the cornea or lens is
too powerful (refractive myopia) or the eyeball is longer than
normal (axial myopia), which causes distant objects to focus
in front of rather than on the retina'"’. Eyeball development and
eye axis elongation are usually the main concerns in myopia

children, and the complications we focus on also primarily
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refer to axial myopia. Even though myopia can be corrected
to improve the blurring of objects at a distance, a number of
complications associated with myopia pose a serious threat
to natural health, which include staphyloma, glaucoma,
cataracts, choroidal neovascularization, retinal breaks and
detachments'. In recent decades, myopia and its complications
have become one of the major threats to human visual health.
It was estimated that about 1406 million people have myopia
worldwide in 2000, and by 2050 this number will reach about
4760 million"”. The prevalence of myopia in adults ranged

4 Meanwhile,

from 15% to 49% in the developed countries
there are racial and ethnic differences in the magnitude and
prevalence of myopia, both of which are greater in Asian
than in other parts of the world'". A distinct geographical
distribution is also characterized by myopia, and its prevalence
is higher in eastern and southern Asia”, where people has been
reported to be of Chinese origin and about 95% of which need
glasses or contact lenses to ensure clear vision beyond the

) myopia is also extremely common in Republic of Korea

arm
and Japan!"*), For the eye grows throughout childhood, myopia
usually develops in school-age children and adolescents'.
Longitudinal data show that the annual prevalence of myopia
among school-age children may be as high as 20%-30%"".
Myopia occurs in 20%-30% of children aged 6 to 7, and in as
many as 84% of high school students in Taiwan, China and
Singapore!". Children with myopia progress rapidly until early
adulthood, when it slows down'"". Therefore, the progress of
myopia control in Asian children deserves attention.

In the current state of myopia treatment, options include
progressive addition of executive bifocal spectacle lenses,
peripheral defocusing lenses, contact lenses, orthokeratology,
multifocal soft contact lenses, outdoor activities and

pharmaceutical agents'”

. Various options for slowing the
progression of myopia in children were evaluated in a 2011
Cochrane database review''. According to this review,
antimuscarinic agents are likely to slow the progression of
myopia and atropine is the most commonly used and studied
antimuscarinic drug for treating myopia”’. In recent years,
atropine has been proved to the most effective drug in slowing
the progression of myopia'*.

Several studies have been conducted on the topical effect
of atropine on myopia progression since Bedrossian’s early
studies in the 1960s and 1970s, which includes retrospective

51 As a way

ones, prospective ones, and randomized trials
for myopia control, Yen et al'” conducted the first placebo-
controlled randomized trial of 1% atropine in 1989, for the
lack of data on axial length (AL) and side effects such as
photophobia caused by high doses of atropine, many subjects
were pushed out halfway through the study. The Shih et al’s!"”

study in 1999 and subsequent randomized clinical trials

(RCTs) such as the “Atropine for the Treatment of Childhood
Myopia 2” (ATOM2) study"* and the “Low-concentration
Atropine of Myopia Progression” (LAMP) study'” have
begun to investigate lower concentrations of atropine. Despite
numerous studies demonstrating atropine’s effectiveness in
controlling myopia, it has not yet been approved by Food and
Drug Administration (FDA), and its optimal dose is still being
studied””. A previous Meta-analysis”'! of atropine validity
found that it differed by race, with Asian populations proving
more likely to benefit from atropine than the whites. The
severity of adverse effects associated with atropine application,
including photophobia, also vary among races”™. There had

been Meta-analysis™>' "

examining the effects of atropine
on myopia control in all regions, but no studies have been
conducted on the specific group of Asian children with a high
prevalence of the condition. Apart from the side effects caused
by high concentrations such as photosensitive and difficulty
working at close range, other concerns involve the unknown
effects of using atropine on pupils. Only one Meta-analysis'™”
has examined that pupillary diameter (PD) and accommodative
amplitude (AA) respond to atropine in a nonlinear manner,
which incorporates observational studies.

Based on the latest RCTs, we conducted this systematic review
and Meta-analysis, with the aim to investigate the efficacy of
different doses and concentrations of atropine drops on the
spherical equivalent (SE) and AL of Asian children, and how
atropine affects PD and AA, indices that have seldom been
discussed in previous Meta-analyses.

SUBJECTS AND METHODS

Eligibility Criteria In order to qualify for inclusion in this
review, studies must meet the following criteria: 1) only
RCTs were included; 2) Asian subjects aged less than 18y
diagnosed with myopia; 3) atropine concentration of less than
1% was administered in the included group; 4) myopia control
measures other than atropine or placebo were used in the
control group; 5) at least one outcome of interest was reported,
including SE, AL, PD, AA and any side effects. Literature
whose full text could not be obtained, complete data were not
available and repeated publication were excluded. Evaluations
were limited to English-language articles.

Literature Searches and Data Extraction The literature was
obtained from PubMed, the Cochrane Library, Embase, and
Web of Science database from their inception to April 2022,
using Medical Subject Headings and free words combined
with “myopia” and “atropine”, we develop search formulas
according to the “Population, Intervention, Comparison,
Outcome and Study design (PICOS)” principles and adjust
search strategies to specific databases as appropriate. Reference
lists of identified articles were also searched for further
relevant articles.
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Two reviewers independently extracted all data, and
disagreements were resolved through discussion and, if
necessary, the involvement of a third author. A title and abstract
review was conducted first, and duplicated and ineligible
articles were discarded. Data extracted from selected articles
are as follows: first author, study design, year of publication,
country or areas, baseline characteristics of subjects,
intervention measures, follow-up time and outcome indicators.
Quality Assessment and Statistical Analysis Seven
aspects of Cochrane Collaboration’s tool were used to
assess the quality of the included RCTs: random sequence
generation, allocation concealment, masking of participants
and researchers, masking of outcome assessment, incomplete
outcome data, selective outcome reporting, and other bias.
Each item was assessed as “low risk of bias”, “high risk of
bias” or “unclear risk of bias”. Two researchers independently
evaluated the literature quality and a discussion was conducted
to resolve discrepancies.

Data analysis was performed using STATA (version15.0; Stata
Corp). The I’ test was used to quantify heterogeneity, when
I’ were statistically significant, a random effects model was
used; otherwise, a fixed effects model was applied. Analyses
of statistical sensitivity and if possible, subgroup analyses
were conducted to identify possible sources of heterogeneity.
Analyzing Funnel plots and Egger’s test of all the included
trials provided evidence of possible publication bias.
RESULTS

Characteristics of Included Studies In total, 1435 scientific
items were found. After removing duplicates, 848 eligible
articles remained, 811 of which were excluded by reading the
titles and abstracts, and finally 15 eligible articles'***>”
included after reading the full text (Figure 1).

The total sample size of participants in 15 RCTs incorporated

were

in our study was 2268, of whom 1404 received atropine
treatment and 864 placebo or non-atropine treatment. There
were 21 test groups applying different concentrations of
atropine, including 14 groups using 0.01% atropine, 1 group
using 0.02% atropine, 2 groups using 0.025% atropine, and
2 groups using 0.05% and 0.5% atropine each; there were
16 control groups using various types of glasses or placebo.
According to the geographical location of the studies, 11 were
in China (6 were conducted in mainland China, 4 in Hong
Kong, 1 in Taiwan), 3 in Japan, and 1 in India, consequently,
all participants were Asian (Table 1).

Risk of Bias Assessment Figure 2 shows the results of the
methodological quality evaluation based on the Cochran
Handbook. Only three studies were assessed as “low risk of
bias”, while the remaining articles had varying degrees of
risk of bias. Although randomization was emphasized in all
selected studies, the method of random assignment was not

1328

Figure 1 PRISMA flow diagram of the study process PRISMA:

Preferred reporting items for systematic review and Meta-analysis.

Figure 2 Quality evaluation of included trials: risk of bias graph and

risk of bias summary.



www.ijo.cn

No. 8, Aug.18, 2023

Vol. 16,
8629-82245172  8629-82210956

Int J Ophthalmol,

Tel

@163.com

il: ijopress

Ema

"Jodas 10N YN ‘|el3 [edulp

paziwopuey :1JY ‘Aojo1esayoy1Q MO ‘(@) apniijdwe uonepowwoddy 94 {(ww) azis |idnd 21dosal G4 ‘(ww) azis [1dnd 21d010yd 4 ‘SIUBAS 3SIBAPY €4 ‘YI3Ud| |eIXY :z4 ‘YVINSo|/aus|eainba |eousyds i T4

[£HE! € sapeyads sa|oe3oads+auldolie %100 (v6'T) 68°6 (85°T) 06'6 ()61 (€T) TC eulyd zeor 1od 6c)/P 19 Buem
94 1G4 %4 ‘24 T4 43 ogade|d auidoue %10°0 (z7)soT (co)9ot 17 Ly elpu| Teoz LY (a0 39 BUSXES
G4 ‘4474 T 44 ogadeld auidosle %10°0 (0s°1) 86'8 (vv'1) 668 (9€) ¥8 (8€) ¥8 ueder T70C  12d g0 32 BPSIH
£ 4 MO MO+auidone %100 (61°1) €T°OT (zz't)oT0T (€T) vT (T1) 12 eulyd 1207 104 4, 0BYZ pue oey
auidoiie %z0°0 (8'1)9°6 (ss) sot
(L) 68
CERZRERE 144 s9]oe309ds suidoiie %10°0 (1) €6 (LT)v'6 (ss) 90t eulyd 120z 1D¥ P 32 1N
MO 3O+auldosle %100 (£T'T)00'TT (6T°1T) 6°0T (o1) 0T (6) 0T
[£HE] 43 sa|peyads sa|oeyads+auldolie %100 (6v'1) £'6 (€S°T) 596 (T1) 0T (o1) 0T eulyd T20T  1D¥ el 39 0BYZ
€474 T4 43 0gade|d auidose %10°0 UN UN (19) 011 (95) 01T euIyd 020z 1Y a0 32 12
94 'S4 ‘v4 ‘€4 'z ‘T4 43 o) MO+auldosie %10°0 UN UN 9 9¢ euly) ‘Suoy SuoH  0Z0Z LY (e 32 ueL
auidodie %10°0 (9£1) v'8 (€s) L6
auidosie %520°0 (L9°1) 58 (09) 16
9424 T4 43 ogade|d suidodie %50°0 (8'1) 58 (69°'1) 58 (85) €6 (€9) zot eulyd ‘Suoy Suoy 0zoz  LOM gl 291
£ 144 plo] MO+auidoe %100 (59°T) LEOT (65°T) €€70T (81) 5€ (81) 8€ ueder 0707  1DY o0 22 BUYSOUIY
auidoiie %10°0 (e8'T) €T'8 (e9)oTT
auidoie %5200 (t£1)vs's (59) 801
94 !G4 'p4 ‘€4 74 ‘T4 43 0qade|d auidonie %500 (tLt)evs (18'1) Sv'8 (99) T11T (¥S) 60T euly) ‘Suoy SuoH  6TOC LY eul0 19 WA
7414 T o] JO+auldosle %100 (TT'1) 606 (£T'1) 606 (ST) e (o1) o€ eulyd ‘suoy Suoy 610  LOM (6l 19 UBL
£ 43 MO MO+aduldouie %100 (98°T) 0¥°0T (8€°T) £8°0T (o1) 0T (6) 0z ueder 8T0Z  1DY (g0 22 BIYSOUIY
£ 4% ogade|d auidouie %5°0 (ST)L'8 (¥1) 16 (Te) €9 (9€) €9 eulyd LT0T  1OY 1z)lP 39 Buem
£! 81T S95UB) [BIOJ-LINIAL - SBSUB| [e20)-1jNW+dUIdOIIE %50 UN UN 19 99 BUIYD ‘Uemiel  TOOZ LM oall® 32 YIUS
dnoJ38 jos3u0) dnoJ3 |eyuswiiadxy dnou3 dnou3 dnoss dnos3
SaWONNG (ow) j0J3Uu0) |eyuswiiadxy |oJ3u0) |eyuswiiadxy Anunos 1ea) ugisap Apnis
dn-mojjo4 Apnis

uopnuaAJIalu|

(as) ueawy/(A) a8y

(ajew) azis sjdwes

S31pN1s uoisn[aul 3y} Jo sausLIdeIEYD diseq Y] T d|qeL

1329



Role of atropine in preventing myopia in Asian children

Figure 3 Forest plot of the effect of <1% atropine on change in SE SE: Spherical equivalent.

described in eight studies, so they were still evaluated as:
“unclear risk of bias”.

Meta-analysis Results

Change in spherical equivalent The amount of change in
SE was reported in 12 of all the 15 articles that measured SE
before and after drug administration. Change in SE at the
longest follow-up time of each study was used as an outcome
indicator, and the results of heterogeneity analysis (1"=99.7%,
P=0.0001) led to the selection of a random effects model as
the method of merging data. The effect of atropine group was
superior to the control group in terms of change in SE in all
cases, with a statistically significant difference [weighted mean
difference (WMD)=0.39, 95% confidence interval (CI) (0.23,
0.54), P=0.0001].

Subgroup analysis based on atropine concentration indicated
less heterogeneity between studies were found in the 0.025%
group (I’=0, P=1.000) and the 0.05% group (I’=0, P=1.000),
more heterogeneity in the 0.01% group (I’=99.1%, P=0.0001)
and the 0.5% group (I’=99.5%, P=0.0001). Eleven studies
of 0.01% atropine group [WMD=0.23, 95%CI (0.13, 0.34),
P=0.0001], 2 studies of 0.025% atropine group [WMD=0.35,
95%CI (0.25, 0.45), P=0.0001], 2 studies of 0.05% atropine
group [WMD=0.54, 95%CI (0.43, 0.65), P=0.0001], 2 studies
of 0.5% atropine group [WMD=1.01, 95%CI (0.54, 1.48),
P=0.0001] showed a smaller change in SE than the control
group, all differences were statistically significant (Figure 3).
Change in axial length Changes in AL before and after
atropine use were discussed in all eligible studies, as an
indicator of outcome, AL was measured at baseline and at
the longest follow-up. There was heterogeneity among the 15
studies (I’=99.7%, P=0.0001), and analysis using a random-
effects model showed that the atropine group significantly
delayed the axial elongation compared with the control group
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[WMD=-0.15, 95%CI (-0.19, -0.10), P=0.0001]. Subgroup
analysis based on atropine concentration showed that 0.01%
atropine [WMD=-0.11, 95%CI (-0.16, -0.06), P=0.0001],
0.025% atropine [WMD=-0.12, 95%CI (-0.16, -0.08),
P=0.0001] and 0.05% atropine [WMD=-0.21, 95%CI (-0.26,
-0.16), P=0.0001] test groups had statistically smaller axis
changes than the control group. While the results of the 0.5%
atropine group were not statistically significant [WMD=-0.82,
95%CI (-1.93, 0.29), P=0.147], the use of 0.5% atropine did
not inhibit the growth of the AL in the current included study
(Figure 4).

Change in pupillary diameter and accommodative
amplitude The data on changes in photopic pupil size was
available in only 5 trial groups of the 15 studies. All dosed for
12mo, with the pooled estimates suggest that, in comparison
with the control group, change in photopic pupil size was 0.70
[95%CI (0.33, 1.06), P=0.0001; Figure 5]. Similarly, changes
in mesopic pupil size were also mentioned in 5 trial groups
across all studies, with analysis demonstrating heterogeneity
(’=75.6%, P=0.003) and a pooled effect size [WMD=0.38,
95%CI (0.22, 0.54), P=0.0001; Figure 6].

Five trial groups in 3 publications with 12mo of follow-up
period measured change in AA at the maximum follow-up.
The overall heterogeneity of all studies combined was 78.2%
(P=0.001), consequently, a random-effects Meta-analysis
was conducted and the results revealed that there were no
statistically significant differences in change in AA between
the two groups [WMD=-0.62, 95%CI (-1.39, 0.16), P=0.119;
Figure 7]. Atropine administration did not cause AA changes
in the current Meta-analysis.

Side effects Eight groups of studies clearly reported the
occurrence of adverse events, which included conjunctivitis,
keratitis, allergy, light sensitivity, photophobia, near-
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Figure 4 Forest plot of the effect of <1% atropine on change in axial length.

Figure 5 Forest plot of the effect of <1% atropine on change in photopic pupil size.

Figure 6 Forest plot of the effect of <1% atropine on change in mesopic pupil size.

distance vision impairment, and systemic problems during
drug administration. Only the number of cases with adverse
reactions was counted and statistically combined as a
dichotomous categorical variable, with a pooled effect size
with RR of 1.37 [95%CI (1.09, 1.74), P=0.008; Figure 8]
which means the risk of adverse reactions with atropine was
1.37 times higher than no administration of atropine.

Sensitivity Analysis and Publication Bias After removing
each included study one by one from the Meta-analysis, a new
Meta-analysis was conducted in order to observe the impact of
a single study. When all studies were excluded, the combined
effects of change in SE, change in AL, change in PD, change
in AA and side effects did not change significantly, indicating
the conclusion of this study was stable.
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Figure 7 Forest plot of the effect of <1% atropine on change in AA AA: Accommodative amplitude.

Figure 8 Forest plot of the effect of <1% atropine on side effects.

In order to evaluate publication bias in these studies, Funnel
plots and Egger’s test were conducted. The change in SE was
asymmetrically distributed in the funnel plot, then P<0.05 was
found by Egger’s test, indicating possible publication bias. No
publication bias was discovered for the remaining results.
DISCUSSION

Various English databases were screened using strict inclusion
and exclusion criteria before selecting 15 published studies,
all of them were RCTs. A total of 2268 study subjects were
distributed among 21 trials and 16 control groups. These
studies found that the shortest time required atropine was 3mo,
and the longest was 2y.

According to the Meta-analysis of our study, atropine at
concentrations less than 1% could notably slow down the SE
growth and axial elongation in Asian children. Compared to
the control, atropine group were significantly more likely to
delay the progression of SE [WMD=0.39, 95%CI (0.23, 0.54)].
Included studies showed high heterogeneity, which remained
in 0.01% and 0.5% atropine group after performing subgroup
analyses based on concentration, and no heterogeneity was
found in the 0.025% and 0.05% atropine groups, both were
more effective than control groups [WMD=0.35, 95%CI (0.25,
0.45) and WMD=0.54, 95%CI (0.43, 0.65)]. And as predicted
by the Meta-regression analyses, the effect was stronger at
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higher concentrations with statistically significant differences.
With regard to the change in AL, atropine groups revealed 0.15
mm (95%CI: -0.19, -0.10) less increase in AL than the control
groups, subgroup analysis served to reduce heterogeneity,
whereas 0.5% atropine was found to be ineffective statistically,
0.01%, 0.025%, and 0.05% atropine groups showed 0.11 mm
(95%CI: -0.16, -0.06), 0.12 mm (95%CI: -0.16, -0.08),
and 0.21 mm (95%CI: -0.26,-0.16) less increase in AL
than the control groups respectively. Statistically significant
differences between doses of atropine were observed based
on Meta-regression, with the higher tending to have greater
influence. Heterogeneity may result from several factors such
as included studies at a high risk of bias, varied duration of
medication, differed control measures. Some studies combined
other therapy such as orthokeratology with atropine, while the
control groups used orthokeratology only, for the difference
between them was only the presence of atropine, so studies
with blank controls like this still included in our study, which
may have been a source of heterogeneity. Based on sensitivity
analysis, excluding selected studies one by one from the Meta-
analysis did not significantly alter the results, which indicates
that our findings are stable, credible and convincing.

It is confirmed by our Meta-analysis that atropine with a
concentration of less than 1% is effective in slowing the
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progression of myopia in Asian children. Within this range, an
atropine dose-dependent difference was observed in retarding
the change in SE and eye axis, higher levels exhibit superior
benefits in terms of SE and AL. Our results were consistent
with earlier Meta-analysis™” conducted in 2011, although the
efficacy of 0.01% atropine was not evaluated in that study. A
Meta-analysis'*'"! published in 2021 was partially concordant
with our finding that various concentration of atropine showed
statistically significant differences, however, it seems that low
dosage atropine is more the prevalent dosage, probably owing
to the fact that this analysis incorporates part of the Spanish
results, whose geographical scope is not limited to the Asian.
In 2021, a Meta-analysis with geographical scope unrestricted

M2 In another

also reached the same conclusions as our study
Meta-analysis”™” published in 2017, atropine displayed the
same efficacy at various doses, but it included cohort studies
to uncover the overall effects of different doses, thus bringing
down the level of evidence. There was also a study™™ based
on seven randomized controlled trials examining only the
effectiveness of 0.01% atropine, concluding that it offer
benefits in delaying eye axis elongation but play no valid roles
on diopter values. Furthermore, according to a network Meta-

analysis""*!

published in 2016, pharmacological treatment, such
as atropine, is most effective in slowing myopia progression
without dose dependence. A subsequent network Meta-
analysis'™ in 2022 concluded that dose did not affect ranking
probability for efficacy, however, only three doses of 0.05%,
0.5% and 1% are discussed, with the most commonly noted
0.01% atropine excluded. A previous study”" has illustrated
that Asian children are more likely to experience atropine
effects than Caucasians, and myopia ranks first among the

. . . . 11
causes of blindness in East Asian countries"

, our Meta-
analysis for this specific population yielded different results
from previous studies. Notably, in the present analysis, 0.5%
atropine did not show a retarding effect on ocular axis growth,
which is a significant departure from previous perceptions.
As early as 1999, Shih et al''” explored the function of 0.5%,
0.25%, and 0.1% atropine on myopia children aged 6 to 13y
and found that the 0.5% was most effective. Later, a RCT
by Shih et a/*” in 2001 further illustrated that inhibited eye
elongation accounted for at least part of the role of 0.5%
atropine in myopia progression. Similarly, both Huang et al'* and
Wang et al”” illustrated 0.5% atropine was effective in stalling
eye axis elongation. However, an interesting phenomenon was
discovered for the first time in a Meta-analysis'*” that 0.5%
atropine showed less efficacy in slowing myopia progression
during the second year. In term of rebound, ATOM?2 study"*
reported that in one-year washout, a similar rebound was
seen in the 0.5% and 0.1% atropine groups, but much less

in the 0.01% group. In our study, effects of 0.5% atropine

on AL was only mentioned in 2 articles, with 18 and 12mo
follow-up respectively. The small number of included trials
and high heterogeneity may contribute to these differences.
Another possible reason is that the validity of 0.5% atropine
decreases with prolonged administration. Typically, a specific
dose of atropine on myopia control was used for 1-2y before
switching to another dose for ethical reasons, which increases
the difficulty in long-term follow-up'*”’, so it is necessary to
further investigate the efficacy of atropine over a longer period
of time.

Atropine is a non-selective antagonist that can be used for
cycloplegia and mydriasis. Previous Meta-analyses rarely
systematically examine the data for the two common adverse
effects of atropine, namely increased PD and decreased
AA. As these two factors appear to be the most responsible
factors determining the initial dose of atropine in myopia
management'*****!, they were analyzed in the current Meta-
analysis. Our study identified that the photopic pupil size of
the atropine group was 0.70 mm larger than the control group,
which was significantly more than 0.48 mm and 0.49 mm in the
study of Chen and Yao'"" and Yam et a/''”, while significantly
less than 0.91 mm viewed in Chia et al’s™ study. For the
mesopic pupil size, our results showed that the atropine group was
0.376 mm larger than the control group, which was significantly
smaller than the differences of 0.49 mm from Chen and
Yao™*'" and 1.15 mm from Chia ez al'*”, but bigger than that of
0.23 mm from Yam et al'. In terms of photopic pupil size,
we also remarked that the three concentrations of 0.01%,
0.025%, and 0.05% did not differ from each other, while for
mesopic pupil, the impact of higher concentrations tended to
be stronger. Meanwhile, it was surprising to notice that 12mo
of atropine administration did not elicit any modifications in
the children’s AA. In general, those taking 0.50% atropine

17-18,26,45,47-49
! whereas

had photophobia or near work problems'
these problems were infrequently encountered in patients with
atropine concentrations less than 0.10%, which was aligned
by the findings of a Meta-analysis™ published in 2021. It was
also revealed in the Meta-analysis that there have nonlinear
dose-response relationships between atropine and PD or AA,
the occurrence of side effects such as enlargement of PD
increases steeply for atropine in concentrations less 0.10%,
this may partially explain the consequences we observed in
the change in mesopic pupil size. However, using 0.05% and
0.025% atropine produced no significant differences in side

19,48]

effects according to previous reports' ***), which is consistent

with our findings in regard to photopic pupil size alterations.

13 and

It is not uncommon for atropine to cause side effects
the risk of adverse reactions in atropine users in our study was
1.37 times than that of non-users. Therefore, more data are

needed to better understand and confirm adverse effects and
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its relationship to concentrations. The lack of sufficient data
may be compounded by other factors such as the timing of
measurement versus application. In most cases, atropine comes
in a compounded form that is diluted before use, so stability
and strength are critical, especially for lower concentrations,
which has been mentioned in some reports”**". The instability
of atropine solution causes time-related side effects to peak
for some time after instillation and diminish thereafter™.
Furthermore, considerable heterogeneity among the included
studies may have affected the power of our results.

As with any study, this one had some limitations. First, only
English-language studies were included in this Meta-analysis,
thus resulting in a bias. Second, despite strict inclusion and
exclusion criteria, heterogeneity remained high after subgroup
analyses. Still, this analysis showed stable and consistent
based on the sensitivity analysis. Third, discontinuing atropine
therapy resulted in a rebound effect and faster myopia

46521 and some very important aspects

progression in the trials
such as the relationship between efficacy and safety of
atropine, dose and time had not been studied. Fourth, a variety
of techniques have been used in different studies to measure
indicators including SE, AL, AA and PD. However, as we
compared changes in metrics to the control rather than absolute
values, such influence is likely to be minimal.

In summary, atropine in concentrations less than 1% was
effective in controlling the increase in refractive error and
slowing the ocular axis elongation in Asian myopia children,
with a statistically difference among concentrations; and
atropine with a higher concentration had better efficacy. The
use of atropine led to a 1.37-fold increased risk of side effects.
After 12mo of administration, atropine with a concentration
of less than 1% was potent in causing pupil enlargement in
Asian children, with little influence on photopic pupil size
for dosage, and a greater one on mesopic pupil size at higher
concentrations, but failed to induce a significant change
in the magnitude of accommodation. Therefore, a balance
should be maintained between efficacy and side effects
during dose selection. However, as the response of different
ocular parameters to dose varies, there is an urgent need for
randomized controlled studies with large samples and long-
term follow-up to investigate the response of these indicators
to dosage and time, so as to provide guideline and reference
for subsequent individualized and safe dosing.
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