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PURPOSE: To evaluate systematically the effect of different concentrations of atropine eye drops on accommodative amplitude
and binocular visual function in children and adolescents with myopia.

METHODS: A systematic review and meta-analysis of randomised controlled trials was conducted in accordance with PRISMA 2020
guidelines and registered in PROSPERO (registration number: CRD420261297760). PubMed, Web of Science and Scopus were
searched up to January 15, 2025. Eligible studies compared atropine eye drops (0.01-1%) with placebo, single-vision correction or
no treatment and reported accommodative or binocular vision outcomes. The primary outcome was the change in accommodative
amplitude. Secondary outcomes included accommodative lag, stereoacuity, heterophoria and fusional vergence. Mean differences
(MD) with 95% confidence intervals (Cl) were pooled using fixed- or random-effects models based on heterogeneity.

RESULTS: Thirteen randomised controlled trials were included, most of which were conducted in Asian populations. Low-dose
atropine (0.01%) was associated with a small but statistically significant reduction in accommodative amplitude (MD: —0.84 D, 95%
Cl: —1.50 to —0.18), with substantial heterogeneity and no consistent effects at individual follow-up time points. Intermediate
concentrations (0.02-0.03%) showed variable and heterogeneous effects. Atropine 0.05% produced a consistent and clinically
meaningful reduction in accommodative amplitude (MD: —1.96 D, 95% Cl: —2.36 to —1.57) and measurable changes in binocular
parameters. Higher concentrations (=0.1%) resulted in marked cycloplegic effects.

CONCLUSIONS: The effects of atropine on accommodation and binocular visual function are dose-dependent. Low-dose atropine

demonstrates a favourable functional safety profile, while higher concentrations are associated with clinically relevant

accommodative impairment.
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INTRODUCTION

Myopia has become a major global public health concern due to
its increasing prevalence and associated risk of sight-threatening
complications later in life [1]. Among the various strategies
proposed to slow myopic progression in children, pharmacologi-
cal, optical and behavioural interventions have been explored [2].
Of these, topical atropine sulphate, a non-selective muscarinic
acetylcholine receptor antagonist, has consistently demonstrated
strong clinical efficacy in reducing the rate of myopia progression
and axial elongation in paediatric populations [2, 3]. Historically,
atropine has been widely used in ophthalmic practice for
cycloplegia, amblyopia treatment, iridocyclitis and malignant
glaucoma [4, 5]. Over the past two decades, this “old drug” has
gained renewed interest as a therapeutic option for myopia
control following early clinical trials demonstrating that atropine
1% effectively slowed myopic progression [6]. However, the use
of high-concentration atropine has been limited due to its

association with significant ocular side effects, including pro-
longed photophobia and near-vision blur, as well as concerns
regarding potential systemic adverse effects such as dry mouth,
flushing, somnolence, impaired memory and, in rare cases,
seizures [7-11].

To mitigate adverse effects while preserving therapeutic efficacy,
recent research has shifted toward the use of lower concentrations
of atropine. Clinical trials have shown that low-concentration
atropine, typically ranging from 0.01% to 0.1%, can effectively slow
myopia progression with substantially improved tolerability com-
pared with 1% concentrations [12, 13]. As a result, low-
concentration atropine, particularly at the 0.01% concentration,
has become the standard of care for myopia control in several Asian
countries, with almost half of myopic children in Taiwan receiving
atropine eye drops of varying concentrations [14]. Evidence
suggests a clear concentration-response relationship, whereby
higher atropine concentrations provide greater myopia control but
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KEY POINTS

® Atropine produces dose-dependent reductions in accom-
modative amplitude and measurable changes in some
binocular vision parameters in myopic children.

® Low-dose atropine (0.01%) shows a generally favourable
functional safety profile, with small average changes in
accommodation that are often of limited clinical sig-
nificance.

® Atropine concentrations of 0.05% and higher are
associated with clinically meaningful accommodative
impairment; clinicians should proactively assess near
visual function and consider near additions or other
mitigation strategies when symptoms occur.

are also associated with more pronounced adverse effects, whereas
lower concentrations retain moderate efficacy with fewer side
effects [12, 15]. However, the efficacy of 0.01% atropine for myopia
control has been increasingly questioned, and recent evidence has
contributed to a shift towards 0.05% atropine for progressive
myopia in children [16, 17].

Beyond efficacy, a further clinical concern with atropine for
myopia control is the rebound acceleration of myopia progression
after treatment cessation, which appears to be concentration-
dependent. In the Atropine for the Treatment of Myopia (ATOM)
studies, rebound was greater following higher concentrations,
while pupil size, near visual acuity and accommodation generally
recovered after cessation, with quicker recovery at lower
concentrations [12]. In ATOM2, higher concentrations provided
slightly greater control during treatment but were followed by
greater rebound during washout; consequently, 0.01% atropine
showed a favourable overall profile at follow-up, combining
sustained efficacy with minimal pupil dilation, a modest reduction
in accommodation (~2-3D) and no clinically meaningful near
visual loss [12]. These findings have implications for stopping
strategies (e.g., tapering rather than abrupt cessation), particularly
in younger children who are more likely to require re-treatment.
More recently, long-term observational follow-up of ATOM1/
ATOM2 participants in the Atropine Treatment Long-Term
Assessment Study (ATLAS) reported that short-term atropine
exposure (0.01-1.0% for ~2-4 years in childhood) was not
associated with differences in adult refractive error or axial length
at 10-20 years, although cautious interpretation is warranted
given attrition and the observational design [18]. Consistent with
the practical challenges of cessation, the 5-year Low-Concentra-
tion Atropine for Myopia (LAMP) extended trial reported that most
children required restarting atropine after treatment cessation and
that re-treatment with 0.05% achieved efficacy comparable to
continued therapy, with older age being associated with more
successful cessation [17]. Overall, these data reinforce that
concentration selection must balance efficacy and tolerability,
alongside the likely need for monitoring and planned cessation
strategies.

In parallel with these efficacy and safety considerations,
understanding atropine’s effects on near visual function is
important for optimising clinical prescribing. Despite robust
evidence supporting atropine’s efficacy in slowing refractive and
axial changes during treatment periods of up to 5 years, the
underlying mechanisms by which atropine exerts its anti-myopia
effects remain unclear [19]. Traditionally, atropine was thought to
control myopia progression primarily by reducing accommodation
[2, 3]. However, accumulating evidence suggests that its effects
may also involve non-accommodative pathways, including retinal
and scleral signalling mediated by muscarinic and adrenergic
receptors [20-23]. Given the central role of accommodation and
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near work in childhood visual behaviour, understanding how
atropine influences accommodative and binocular visual function
is of particular clinical relevance.

Accommodation plays a critical role in minimising hyperopic
defocus during near tasks, and prolonged near work has been
consistently associated with myopia development and progres-
sion [24, 25]. Previous studies have demonstrated that children
with myopia engage in more near work at shorter working
distances compared with their emmetropic peers [24]. Alterations
in accommodative amplitude, accommodative lag and binocular
coordination during near tasks have been hypothesised as
potential contributors to myopia progression, as well as potential
mediators of atropine-related visual side effects such as near blur
and asthenopic symptoms [25]. While several randomised
controlled trials have evaluated the effects of atropine on
refractive error and axial length, fewer studies have systematically
assessed its impact on accommodative and binocular visual
function. Reports of adverse binocular outcomes, including
reduced accommodative amplitude, changes in heterophoria
and isolated cases of convergence excess esotropia following
low-concentration atropine use highlight the need for a compre-
hensive synthesis of available evidence [26-30]. Importantly, it
remains unclear whether these effects are concentration-depen-
dent, transient or persistent over time and clinically meaningful in
the context of long-term myopia management. Therefore, the aim
of this systematic review and meta-analysis is to synthesise
evidence from randomised controlled trials (RCTs) to evaluate the
effects of atropine eye drops at different concentrations on
accommodative amplitude and binocular visual function in
children and adolescents with myopia. By examining concentra-
tion- and time-dependent effects, this study seeks to clarify the
balance between efficacy, visual function and tolerability, thereby
providing clinically relevant information to guide evidence-based
myopia management.

METHODS

Research question and PICOS framework

This systematic review and meta-analysis was registered in
International Prospective Register of Ongoing Systematic Reviews
(PROSPERO) (registration number: CRD420261297760) and con-
ducted in accordance with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) 2020 [31] guide-
lines and A MeaSurement Tool to Assess Systematic Reviews 2
(AMSTAR-2) methodological standards (Fig. 1). A completed
PRISMA checklist is provided as Supplementary Material (Addi-
tional file 1). The final literature search was completed on 15
January 2025.

The research question was formulated using the PICOS frame-
work (Population, Intervention, Comparison, Outcomes, and Study
design) to ensure methodological rigour and clinical relevance.
Specifically, the study aimed to evaluate whether children and
adolescents with myopia (Population) experience changes in
accommodative and binocular visual function (Outcome) when
treated with atropine eye drops at different concentrations
(Intervention), compared with placebo, single-vision correction
or no atropine treatment (Comparator). Eligible studies were
restricted to RCTs (Study design) assessing the effects of atropine
on accommodative amplitude and secondary binocular vision
outcomes. The primary outcome of interest was the change in
accommodative amplitude, assessed using standard clinical
methods across different follow-up periods. Secondary outcomes
included accommodative lag, stereoacuity, heterophoria (distance
and near) and fusional vergence parameters. Differences in
atropine concentration and follow-up duration were explored as
potential sources of heterogeneity. By synthesising the available
evidence, this review clarifies the dose- and time-dependent
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Identification of studies via databases and registers
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Fig. 1 Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow diagram of study selection.

effects of atropine on accommodative and binocular visual
function and provides clinically relevant information to support
myopia management decisions and future research.

Eligibility Criteria

Studies were excluded if they met any of the following criteria:
case reports, case series, quasi-experimental designs, cross-
sectional studies or uncontrolled trials; systematic or narrative
reviews; conference abstracts without full-text availability or
duplicate publications derived from the same dataset. Additional
exclusions were applied to studies rated as having a high risk of
bias or insufficient methodological quality based on predefined
assessment criteria, as well as those with non-comparable or
incomplete demographic data. Trials were also excluded if they
lacked clearly defined diagnostic criteria for myopia, did not
include a randomised control group (e.g., placebo or single-vision
optical correction) or did not evaluate atropine eye drops as the
primary intervention. Studies that failed to report accommodative
amplitude as an outcome or did not assess any accommodative or
binocular vision parameters were excluded. Furthermore, studies
were excluded if they did not provide sufficient statistical
information (such as means and standard deviations, confidence
intervals or change scores) required for quantitative synthesis in
the meta-analysis.

Information Sources

A comprehensive and systematic literature search was conducted
across three major electronic databases: PubMed, Web of Science
and Scopus, with no restrictions on publication date or language.
The search strategy was designed specifically to identify
randomised controlled trials evaluating the effects of atropine
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eye drops on accommodative and binocular visual function in
children and adolescents with myopia. To maximise completeness,
the reference lists of all included articles and relevant reviews
were also screened manually to identify additional eligible studies
not captured through the initial database search.

Search Methods for Identification of Studies

The search strategy combined controlled vocabulary and free-text
terms related to atropine, myopia, accommodative and binocular
visual function. Key concepts included the intervention of interest
(atropine eye drops), the target population (children and
adolescents) and outcomes related to accommodation and
binocular vision, such as accommodative amplitude, accommo-
dative lag, stereoacuity, heterophoria, vergence function, near
point of convergence and the accommodative convergence to
accommodation (AC/A) ratio. Database-specific search strategies
were developed and adapted for PubMed, Web of Science and
Scopus using appropriate Boolean operators and syntax. Full
details of the search strategies applied in each database are
provided in Additional file 2. Two reviewers independently
screened titles, abstracts and full texts for eligibility, with
disagreements resolved through discussion and consensus. No
language restrictions were applied. Studies published in lan-
guages other than English were translated by the review authors
using standard translation tools when sufficient data were
available for extraction.

Data Extraction and Data Items

Two authors independently extracted data from all eligible RCTs.
For each study, the following characteristics were recorded: first
author, year of publication, country or region, study design,
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Fig. 2 Risk of bias assessment (green = low risk; red = high risk; yellow = unknown) of 13 randomised control trials.

sample size per intervention group, mean participant age,
atropine concentration, treatment regimen, duration of follow-
up, outcome measures related to accommodative and binocular
visual function and disclosure of conflicts of interest. Any
discrepancies in data extraction or eligibility assessment were
resolved through discussion and consensus. Study management,
including duplicate removal and tracking of eligibility decisions,
was conducted using Rayyan (Rayyan Systems Inc., rayyan.ai)).

The primary data extracted focused on changes in accommo-
dative amplitude across different follow-up periods. Secondary
data included measures of accommodative lag, stereoacuity,
heterophoria (distance and near), fusional vergence parameters,
near point of convergence and AC/A ratio, when available.
Additional information was collected on treatment protocols
(e.g., atropine dosage and frequency), study inclusion and
exclusion criteria and baseline participant characteristics. These
data were used to support subgroup, concentration-based and
time-dependent analyses and to explore sources of methodolo-
gical heterogeneity across studies.

Methodological Quality and Risk of Bias Assessment

The methodological quality and risk of bias of the included RCTs
were evaluated by two reviewers using the Cochrane Collabora-
tion’s Risk of Bias tool, as implemented in Review Manager
(RevMan, Version 5.4, The Cochrane Collaboration, cochrane.org).
This tool assesses seven key domains of potential bias: random
sequence generation, allocation concealment, blinding of partici-
pants and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data (attrition
bias), selective reporting (reporting bias) and other potential
sources of bias. Each domain was judged as having low, high or
unclear risk of bias according to predefined criteria. Disagree-
ments between reviewers were resolved through discussion and
consensus. The overall results of the risk of bias assessment for
studies evaluating the effects of atropine on accommodative and
binocular visual outcomes are summarised in Fig. 2, with detailed
domain-specific justifications provided in Additional File 3.

Publication Bias

Potential publication bias was assessed by visual inspection of
funnel plots generated using Review Manager for the primary
outcome of accommodative amplitude. Funnel plot asymmetry
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was interpreted as a possible indication of publication bias or
small-study effects, particularly in analyses with a limited number
of contributing studies.

Assessment of Results and Statistical Analyses

For continuous outcomes measured on the same scale, mean
differences (MD) with corresponding 95% confidence intervals (Cl)
were calculated. As accommodative amplitude and other bino-
cular vision parameters were consistently reported using compar-
able clinical units (e.g., dioptres or prism dioptres (A)), no
standardisation across measurement scales was required.

Statistical heterogeneity among studies was assessed using the
I statistic and interpreted as low (<25%), moderate (25-50%) or
high (>50%). A fixed-effects model was applied when hetero-
geneity was low or not significant (* < 50%), whereas a random-
effects model was used in cases of moderate or high
heterogeneity.

Sensitivity analyses were conducted to evaluate the robustness
of pooled estimates by sequentially removing individual studies
identified as major contributors to heterogeneity, particularly for
accommodative amplitude outcomes. This approach allowed
assessment of the influence of individual trials across follow-up
periods and atropine concentrations.

When necessary, missing or incomplete data were handled
according to guidance from the Cochrane Handbook for
Systematic Reviews of Interventions [32]. All meta-analyses,
sensitivity analyses and figure generation were performed using
Review Manager.

The certainty of evidence for each atropine concentration was
assessed using the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) approach [33], considering
risk of bias, inconsistency, indirectness, imprecision and potential
publication bias. All assessments were conducted independently
by two reviewers, with discrepancies resolved through discussion
and consensus.

RESULTS

Study Selection

A total of 1007 records were identified through database
searching, including PubMed (n = 295), Web of Science (n=211)
and Scopus (n=501) (Fig. 1). After removal of duplicates, the
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remaining records were screened by title and abstract and 679
records were excluded because they were not RCTs, lacked a
control group or did not report accommodative or binocular
vision outcomes. Subsequently, 328 full-text articles were assessed
for eligibility. Of these, 317 records were excluded due to non-
comparative data, dissimilar demographics, incomplete data, high
risk of bias or lack of sufficient data for quantitative synthesis. Two
additional studies were identified through manual screening of
reference lists. In total, 13 studies met the inclusion criteria and
were included in the meta-analysis (Table 1) [8, 11, 34-44].

Study Characteristics

Table 1 summarises the characteristics of the RCTs included in this
meta-analysis evaluating the effects of atropine on accommoda-
tive and binocular visual function. Most trials were conducted in
Asian populations, particularly in China, Hong Kong, Singapore
and India. Only a limited number of studies originated from
Europe, Australia and the United States. Sample sizes ranged from
20 to 438 participants, with most studies involving children aged
8-12 years, although one trial included young adults. All studies
employed a randomised controlled design comparing atropine at
concentrations ranging from 0.01% to 0.5% with placebo, single-
vision correction or alternative treatment modalities. Atropine was
generally administered bilaterally once nightly, with follow-up
periods varying from short-term assessments (24 h to 10 days) to
long-term follow-up of up to 36 months.

Outcome measures primarily focused on accommodative and
binocular vision parameters, including accommodative amplitude,
accommodative lag, accommodative facility, heterophoria, ver-
gence function, near point of convergence and AC/A ratio. The
assessment of accommodative amplitude varied across studies.
Most trials used subjective clinical methods such as the push-up
technique (e.g., RAF rule) or minus lens methods, whereas a
smaller number employed objective measurements using auto-
refractors or wavefront aberrometers. This variability in assess-
ment methods may contribute to differences in reported
accommodative amplitudes across studies. Pupil diameter, visual
acuity and ocular biometric variables were also assessed
frequently. None of the included studies reported relevant
conflicts of interest.

Outcomes

0.01% Atropine. Figure 3 summarises the pooled effects of 0.01%
atropine compared with control on accommodative amplitude
across multiple follow-up periods. No statistically significant
pooled differences were observed at early time points (24 h, 3
and 4 months) or at longer follow-up (36 months). At 6 and
12 months, the pooled estimates were not statistically significant;
however, substantial heterogeneity was observed, with individual
studies reporting divergent effects. A statistically significant
reduction in accommodative amplitude was identified at
18 months based on a single study. In the overall analysis,
0.01% atropine was associated with a small but statistically
significant reduction in accommodative amplitude compared with
control (MD = —0.84 D, 95% Cl: —1.50 to —0.18), accompanied by
considerable between-study heterogeneity and evidence of
temporal variability in treatment effects.

For stereoacuity, no statistically significant differences were
observed between the 0.01% atropine and control groups at any
follow-up time point. At 3 and 6 months, Wang et al. [41] showed no
significant effect of 0.01% atropine on stereoacuity compared with
control. Similarly, at 24 months, Lee et al. [39] did not demonstrate
significant between-group differences. The pooled analysis across
these follow-up periods confirmed the absence of a significant
effect of low-concentration atropine on stereoacuity (MD = —0.12,
95% Cl: —0.78 to 0.54), with no evidence of heterogeneity.

Regarding accommodative lag, no significant differences were
detected between the 0.01% atropine and control groups at either
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short-term time point. At 24 h, Breliant et al. [34] reported no
significant change in accommodative lag following administration
of atropine compared with control. Likewise, at 3 months, findings
from Jiang et al. [38] showed no significant between-group
differences. The overall pooled estimate indicated no significant
effect of 0.01% atropine on accommodative lag (MD = —0.15, 95%
Cl: —0.63 to 0.33), with no heterogeneity across studies.

0.02-0.03% Atropine. For atropine concentrations ranging from
0.02% to 0.025%, several follow-up periods were available. At
4 months, Yam et al. [43] reported a statistically significant
reduction in accommodative amplitude in the atropine group
compared with the control. At 8 months, no statistically significant
differences were observed in the same cohort. At 12 months,
pooled data from Fu et al. [36] and Yam et al. [43] showed a
reduction in accommodative amplitude in the atropine group;
however, the overall pooled estimate did not reach statistical
significance (MD = —1.61 D, 95% Cl: —3.27 to 0.06). At 24 months,
results from Cui et al. [35] demonstrated a small but statistically
significant reduction in accommodative amplitude associated with
atropine use. At 36 months, findings from Yam et al. [44] did not
demonstrate a statistically significant between-group difference.

Overall, the pooled analysis across all follow-up periods
indicated that atropine concentrations of 0.02-0.025% were
associated with a small but statistically significant reduction in
accommodative amplitude compared with control (MD = —0.92 D,
95% Cl: —1.57 to —0.28), although substantial heterogeneity was
observed across studies.

For 0.03% concentrations, accommodative amplitude did not
differ significantly between the atropine and control groups at
short-term follow-up. At 24 h, data from a single study by Breliant
et al. [34] showed no significant effect of 0.03% atropine on
accommodative amplitude compared with control (MD = —1.20 D,
95% Cl: —4.38 to 1.98).

0.05% Atropine. Figure 4 shows the effects of 0.05% atropine on
accommodative amplitude compared with controls across differ-
ent follow-up periods. No significant difference was observed at
24 h [34]. In contrast, a significant reduction in accommodative
amplitude was detected at very early follow-up, with marked
effects at 3 and 10 days [42]. At longer follow-up durations,
consistent reductions in accommodative amplitude were
observed at 4, 8 and 12 months based on data from Yam et al.
[43], and these effects persisted at 36 months [44]. The overall
pooled analysis demonstrated a significant reduction in accom-
modative amplitude associated with 0.05% atropine compared
with control (MD=-1.96D, 95% Cl: —236 to —1.57), with
moderate-to-high heterogeneity across follow-up periods.

For near heterophoria, no statistically significant differences
were observed between the 0.05% atropine and control groups at
24h (MD=1.20A, 95% CI: —7.72 to 10.12) or at 3 days
(MD = 0.804, 95% Cl: —0.68 to 2.28), based on data from Breliant
et al. [34] and Woodman-Pieterse et al. [42], respectively. In
contrast, at 10 days, Woodman-Pieterse et al. [42] reported a
significant shift in near heterophoria in the atropine group
compared with the control (MD =4.904, 95% Cl: 1.96-7.84). The
overall pooled estimate across time points indicated a small but
significant effect (MD = 1.624, 95% Cl: 0.31-2.92), with moderate
heterogeneity.

For distance heterophoria, no significant differences were
detected at any assessed follow-up. At 24 h, Breliant et al. [34]
reported no effect of atropine compared with control (MD = 0.00
A, 95% Cl: —5.44 to 5.44). Similarly, no significant differences were
observed at 3 days (MD =0.004, 95% Cl: —1.19 to 1.19) or at
10 days (MD = —0.90A, 95% Cl: —1.74 to 0.06) in Woodman-
Pieterse et al. [42]. The overall pooled estimate confirmed the
absence of a significant effect (MD=—-0.594, 95% Cl: —1.27
to 0.09).
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Regarding NFV break, no statistically significant difference was
observed at 24 h [34] (MD = —4.80A, 95% CI: —15.50 to 5.90). At
3 days, Woodman-Pieterse et al. [42] reported a significant reduction
in NFV break in the atropine group compared with control
(MD = —5.90u, 95% Cl: —11.33 to —0.47), which became more
pronounced at 10 days (MD = —12.204, 95% CI: —18.10 to —6.30).
The pooled analysis across time points showed a significant
reduction in NFV break associated with 0.05% atropine (MD = —8.30
A, 95% Cl: —12.05 to —4.56), with low-to-moderate heterogeneity.

For the PFV break, no significant differences were observed at any
time point. At 24 h, Breliant et al. [34] reported no significant effect
(MD = —4.104, 95% Cl: —20.66 to 12.46). Similarly, results at 3 days
(MD = 5.804, 95% Cl: —2.06 to 13.66) and 10 days (MD = 7.204, 95%
Cl: —2.18 to 16.58) from Woodman-Pieterse et al. [42] were not
statistically significant. The overall pooled estimate confirmed the
absence of a significant effect on PFV break (MD = 5.154, 95% Cl:
—0.51 to 10.82).

0.1-1% Atropine. For 0.1% atropine, a marked and statistically
significant reduction in accommodative amplitude was observed
at both assessed follow-up periods. At 12 months, Chia et al. [7]
reported a substantial decrease in accommodative amplitude in
the atropine group compared with control (MD = —10.20 D, 95%
Cl: —11.01 to —9.39). This effect persisted at 24 months, with a
similarly large reduction (MD = —8.95D, 95% Cl: —9.83 to —8.07).
The pooled analysis confirmed a strong overall effect of 0.1%
atropine on accommodative amplitude (MD = —9.63D, 95% Cl:
—10.22 to —9.03), indicating a clinically relevant impairment of
accommodation at this concentration.

For 0.5% atropine, a pronounced reduction in accommodative
amplitude was also observed. At 12 months, data from Chia et al.
[7] showed a significant decrease compared with control (MD =
—11.70D, 95% Cl: —1242 to —10.98). This effect remained
evident at 24 months, with a comparable reduction (MD = —10.65
D, 95% Cl: —11.57 to —9.73). The overall pooled estimate
demonstrated a large and statistically significant reduction in
accommodative amplitude associated with 0.5% atropine (MD =
—11.30D, 95% Cl: —11.87 to —10.74), suggesting a strong dose-
related effect on accommodation.

In contrast, for 1% atropine, accommodative amplitude was
assessed only after treatment discontinuation. At 30 months, Tong
et al. [11] reported no significant difference between the atropine
and control groups (MD=-1.62D, 95% Cl: —3.71 to 047).
Similarly, at 36 months, the difference remained non-significant
(MD = —0.53D, 95% Cl: —1.36 to 0.30). The pooled analysis across
these time points confirmed the absence of a significant long-
term difference (MD = —0.68 D, 95% Cl: —1.45 to 0.09), suggesting
recovery of accommodative function following cessation of
treatment. Table 2 summarises the effects of atropine on
accommodative amplitude during active treatment across con-
centrations and follow-up periods.

Sensitivity analysis

A sensitivity analysis was performed to explore sources of
heterogeneity in the pooled analysis of accommodative amplitude
with 0.01% atropine (Additional file 4). At 6 months, exclusion of
the study by Lee et al. [39] resulted in a reduction of heterogeneity
from 73% to 39%, while the pooled mean difference remained
non-significant. Similarly, at 12 months, removal of Chia et al. [7]
led to a modest decrease in heterogeneity from 93% to 87%, with
no material change in the direction or statistical significance of the
pooled effect. At 24 months, exclusion of Chia et al. [7] also
reduced heterogeneity substantially, from 88% to 50%, while the
pooled estimate remained non-significant.

Publication Bias

Publication bias was assessed using funnel plots for accommoda-
tive amplitude with 0.01% and 0.05% atropine separately (Fig. 5).

SPRINGER NATURE

For 0.01% atropine, the funnel plot appeared largely symmetrical
around the pooled effect estimate, with most studies distributed
evenly on both sides of the mean difference across different
follow-up periods. Although a small number of points showed
greater dispersion, particularly among studies with larger standard
errors, there was no clear pattern suggestive of substantial
publication bias.

In contrast, the funnel plot for 0.05% atropine showed a greater
spread of effect estimates, particularly at shorter follow-up periods,
which may reflect increased variability and small-study effects
rather than true publication bias. Despite this wider dispersion, no
consistent directional asymmetry was evident. Overall, the funnel
plot assessment does not indicate strong evidence of publication
bias for accommodative amplitude, although interpretation should
be made with caution given the limited number of studies
contributing to some dose-time subgroups.

Grade

The GRADE summary of findings for accommodative amplitude
with atropine is presented in Table 3. The certainty of evidence
was rated as moderate for both 0.01% atropine and 0.05%
atropine compared with the control. Across the included RCTs, no
serious concerns were identified regarding risk of bias, indirect-
ness or imprecision. However, the certainty of evidence was
downgraded by one level for both concentrations due to
substantial heterogeneity and inconsistency of effect estimates
across follow-up periods. Accommodative amplitude was classi-
fied as a critical outcome for clinical decision-making, supporting
the clinical relevance of the findings despite the observed
variability.

DISCUSSION
The present systematic review and meta-analysis provide an
integrated evaluation of the effects of atropine eye drops on
accommodative amplitude and binocular visual function across a
wide range of concentrations and follow-up periods. By restricting
the quantitative synthesis to RCTs and stratifying outcomes by
concentration and time, this work allows direct comparison with
previous experimental, clinical and meta-analytic evidence,
clarifying several apparent inconsistencies in the literature.
Short-term experimental studies have consistently reported
marked reductions in accommodative amplitude even with very
low concentrations of atropine. For example, Tran et al. [45]
reported substantial reductions in accommodative amplitude after
only 2 weeks of treatment with 0.01%, 0.02% and 0.03% atropine,
accompanied by dose-dependent pupil dilation. Similarly, Santos-
Neto et al. [46] observed significant disturbances in multiple
accommodative parameters after 14 days of 0.025% and 0.05%
atropine. These findings contrast with the more modest effects
observed in the present meta-analysis for 0.01% atropine, where
the pooled reduction in accommodative amplitude was small (MD:
—0.84 D), highly heterogeneous and not consistently present at
individual follow-up time points. This discrepancy likely reflects
differences in study design, as short-term pre-post studies capture
acute pharmacological effects without accounting for adaptation,
interindividual variability or comparison with untreated controls.
Longitudinal controlled studies provide a more nuanced
perspective. Li et al. [47] reported significant changes in
accommodative amplitude and related parameters at 3 months
with 0.01% atropine, whereas effects were attenuated or absent at
later follow-up in participants without sustained accommodative
demand. These findings align with the present results, which
showed no consistent effect of 0.01% atropine across follow-up
periods and no significant impact on stereoacuity or accommo-
dative lag. Likewise, Cyphers et al. [48] found no clinically
meaningful accommodative or binocular changes after one week
of 0.01% atropine in young adults, supporting the interpretation

Ophthalmic and Physiological Optics
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0.01% Atropine Control Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
24 hours
Breliant et al. [34] -0.4 6.4 13 0.5 4.2 10 1.6% -0.90 [-5.25 , 3.45] —_—
Subtotal 13 10 1.6% -0.90 [-5.25, 3.45] —_—

Test for overall effect: Z = 0.41 (P = 0.68)
Heterogeneity: Not applicable

3 months

Hvid-Hansen et al. [37] -1.12 4.521016 32 -1.54 4174312
Jiang et al. [38] -0.95 9.91 16 1.23 6.98
Wang et al. [41] 0.5 2.7 37 0.7 21
Subtotal (HKSJ?) 85

Test for overall effect: T = 0.36, df =2 (P = 0.76)
Heterogeneity: Tau? (REML®) = 0.00; Chi? = 0.72, df = 2 (P = 0.70); I = 0%

4 months
Yam et al.[43] -0.5 2.77 97 -0.35 2.48
Subtotal 97

Test for overall effect: Z = 0.39 (P = 0.69)
Heterogeneity: Not applicable

6 months

Hvid-Hansen et al. [37] -0.45 4.146576 32 -2.08 4.130283
Lee et al[39] -2.04 3.191287 101 -0.77 3.22867
Wang et al. [41] 0.6 22 37 0.5 23
Subtotal (HKSJ?) 170

Test for overall effect: T = 0.03, df = 2 (P = 0.98)
Heterogeneity: Tau? (REMLP) = 1.29; Chiz = 6.71, df = 2 (P = 0.03); I? = 73%

8 months
Yam et al.[43] -0.52 2.89 97 -0.66 2.65
Subtotal 97

Test for overall effect: Z = 0.35 (P = 0.73)
Heterogeneity: Not applicable

12 months

Chia et al.[7] -4.4 4.9 84 -0.7 3.65
Fu et al. [36] -1.8 2.076972 106 -0.24 0.712074
Lee et al[39] -2.04 3.200284 97 -0.18 3.168177
Saxena et al. [40] -0.98 1.86 47 -1.25 2.01
Yam et al. [43] -0.26 3.04 97 -0.32 2.91
Subtotal (HKSJ?) 431

Test for overall effect: T = 1.85, df =4 (P = 0.14)
Heterogeneity: Tau? (REMLY) = 2.29; Chi? = 43.49, df = 4 (P < 0.00001); I> = 93%

18 months
Lee et al [39] -2.56 3.200284 97 -0.53 3.158071
Subtotal 97

Test for overall effect: Z = 3.41 (P = 0.0007)
Heterogeneity: Not applicable

24 months

Chia et al.[7] -4.6 4.2 75 -1.15 3.98
Cui et al. [35] -0.09 6.750159 106 -0.03 0.189886
Lee et al[39] -2.7 3.149109 94 -1.38 3.104225
Subtotal (HKSJ?) 275

Test for overall effect: T = 1.65, df = 2 (P = 0.24)
Heterogeneity: Tau? (REML®) = 2.58; Chi? = 16.27, df = 2 (P = 0.0003); I* = 88%

36 months
Yam et al. [44] -0.38 4.05 43 -0.32 291
Subtotal 43

Test for overall effect: Z = 0.09 (P = 0.93)
Heterogeneity: Not applicable

Total (HKSJ?) 1308

Test for overall effect: T = 2.68, df = 18 (P = 0.02)
Test for subgroup differences: Chi? = 14.20, df = 8 (P = 0.08), 12 = 43.7%

32 39%  042[1.71,255] —
15 1.0% -2.18[-8.18,3.82] e
24 57% -020[-1.41,1.01] —
71 10.5%  -0.11[-1.47,1.25] <o

4
T

93 6.5% -0.15[-0.90, 0.60]

93  6.5% -0.15[-0.90,0.60] 'S

31 41%  1.63[-0.41,3.67] ——

45  58% -1.27[2.40,-0.14] —]

24  57%  0.10[-1.06,1.26] —t—
100 15.6% -0.02[-3.47 , 3.43] B

93  6.4%  0.14[-0.65,0.93] +

93  6.4%  0.14[-0.65, 0.93] L 3
200 57% -3.70[-4.86,-2.54] ——

89  6.9% -1.56[-1.98,-1.14] -

41 57% -1.86[-3.02,-0.70] —

45  6.4%  0.27[-0.52,1.06] £

93  6.3%  0.06[-0.79,0.91] +
468 31.2% -1.32[-3.31, 0.66] <>

40  57% -2.03[-3.20,-0.86] —-—

40 5.7% -2.03[-3.20,-0.86] @
195  5.9% -3.45[-4.55,-2.35] —

89 55% -0.06[-1.35,1.23] —

37  57% -1.32[-2.51,-0.13] —

321 17.1%  -1.63[-5.89, 2.63] ~

93 54%  -0.06[-1.41,1.29] —+
93 5.4%  -0.06[-1.41,1.29] <o
1289 100.0% -0.84 [-1.50 , -0.18] &

10 5 0 5 10
0.01% Atropine Control

Heterogeneity: Tau? (REML®) = 1.44; Chi? = 97.89, df = 18 (P < 0.00001); I? = 84%

Footnotes
Cl calculated by Hartung-Knapp-Sidik-Jonkman method.
bTau? calculated by Restricted Maximum-Likelihood method.

Fig. 3 Effect of 0.01% atropine on accommodative amplitude compared with control at different follow-up periods. IV inverse variance, Cl

confidence interval, SD standard deviation.

that functional effects at this concentration are subtle and often
transient.

At intermediate concentrations (0.02-0.03%), the present
analysis identified a statistically significant pooled reduction in

Ophthalmic and Physiological Optics

accommodative amplitude, but with substantial heterogeneity
and inconsistent time-specific effects. Tran et al. [45] reported
large short-term reductions at these concentrations, with a subset
of eyes exhibiting residual accommodative amplitudes below 5 D,

SPRINGER NATURE
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10

0.05% Atropine

Study or Subgroup Mean SD Total Mean SD

Control

Mean difference
IV, Fixed, 95% CI

Mean difference

Total Weight IV, Fixed, 95% CI

24 hours
Breliant et al. [34]
Subtotal

Test for overall effect: Z = 0.25 (P = 0.80)
Heterogeneity: Not applicable

0.1 3 12

12

0.5

3days

2.7 2.5 10

10

Woodman-Pieterse et al. [42] 0.1
Subtotal
Test for overall effect: Z = 2.55 (P = 0.01)

Heterogeneity: Not applicable

10 days

Woodman-Pieterse et al. [42]
Subtotal

Test for overall effect: Z=5.14 (P < 0.00001)
Heterogeneity: Not applicable

-6.1 1 10

10

0.6

4 months
Yam et al. [43]
Subtotal

Test for overall effect: Z = 5.47 (P < 0.00001)
Heterogeneity: Not applicable

-2.38 27 102

102

8 months
Yam et al. [43]
Subtotal

Test for overall effect: Z = 3.31 (P = 0.0009)
Heterogeneity: Not applicable

-1.98 2.92 102

102

-0.66

12 months
Yam et al. [43]
Subtotal

Test for overall effect: Z = 4.04 (P < 0.0001)
Heterogeneity: Not applicable

-1.98 2.82 102

102

-0.32

36 months
Yam et al. [44]
Subtotal

Test for overall effect: Z = 4.86 (P < 0.00001)
Heterogeneity: Not applicable

-3.12 3.29 45

45

-0.32

Total 383

Test for overall effect: Z = 9.69 (P < 0.00001)

Test for subgroup differences: Chi? = 20.04, df = 6 (P = 0.003), I?=70.1%
Heterogeneity: Chi? = 20.04, df = 6 (P = 0.003); I = 70%

-0.35 2;

4.2

24

48

10
10

1.6%
1.6%

040 [-3.51 , 2.71]
-0.40 [-3.51 , 2.71]

—

10
10

3.4%
3.4%

2.80 [-4.95 , -0.65]
-2.80 [-4.95 , 0.65]

—

10
10

2.4%
2.4%

-6.70 [-9.26 , -4.14]
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Fig. 4 Effect of 0.05% atropine on accommodative amplitude at different follow-up periods compared with control. IV inverse variance, Cl

confidence interval, SD standard deviation.

whereas the present synthesis suggests that such pronounced
effects are not uniformly sustained over longer follow-up. These
findings indicate that 0.02-0.03% atropine may represent a
functional transition range, in which accommodative changes
are more likely than with 0.01% atropine but remain variable and
context dependent.

In contrast, atropine 0.05% demonstrated a consistent and
clinically meaningful impact on accommodation in the present
analysis, with reductions observed from early follow-up and
persisting over time. For interpretative purposes, reductions in
accommodative amplitude of <1 D were considered small, while
reductions between 1 and 3D and >3D were considered as
moderate and marked or clinically significant, respectively. This
finding is concordant with Santos-Neto et al. [46], who reported
marked reductions in accommodative amplitude, facility and
relative accommodation, as well as increased pupil diameter with
0.05% concentrations. It is also supported by recent longitudinal

SPRINGER NATURE

evidence from Pan et al. [49], showing short-term changes in
accommodation and binocular vision with 0.05% atropine that
tended to normalise partially over 1 year. Importantly, the present
meta-analysis extends these observations by providing pooled
quantitative estimates and demonstrating that, unlike lower
concentrations, 0.05% atropine is not only associated with
reduced accommodative amplitude but also with measurable
changes in binocular parameters such as near heterophoria and
negative fusional vergence.

At higher concentrations (=0.1%), the present findings confirm a
strong and clinically significant reduction in accommodative
amplitude, fully consistent with classic clinical trials and experi-
mental studies. Chia et al. [7] and Lee et al. [50] demonstrated
substantial cycloplegic effects with the use of 0.1-0.5% atropine,
while experimental work in young adults by Lal et al. [51] showed
clear dose-dependent changes in static and dynamic accommo-
dation even after a single drop. These results reinforce the
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Interpretation

Minimal and variable
accommodative impact

Transitional dose range with
emerging accommodative
effects

Insufficient evidence for
accommodative impact

Clinically relevant
accommodative impairment

Strong cycloplegic effect

Table 2. Summary of dose- and time-dependent effects of atropine on accommodative amplitude.
Atropine Overall effect on Temporal pattern across follow-up
concentration (%) accommodative amplitude
0.01 Small but statistically significant Highly heterogeneous; not consistently
overall reduction (MD: —0.84 D) significant at individual time points;
significant at 18 months based on a
single study
0.02-0.025 Small overall reduction (MD: Variable effects across follow-up periods with
—0.92 D) inconsistent significance
0.03 No significant short-term effect Assessed only at 24 h in a single study
0.05 Consistent and clinically Present from early follow-up (days) and
meaningful reduction (MD: persisting up to 36 months
—1.96 D)
0.1 Marked reduction (MD: >—9 D) Consistent at all assessed follow-up periods
0.5 Marked reduction (MD: >—10 D) Consistent at all assessed follow-up periods

MD mean difference.

0.01% Atropine- Accommodative amplitude
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Fig. 5 Publication bias assessment. Funnel plot assessments of publication bias for accommodative amplitude with 0.01% atropine (left panel)
and 0.05% atropine (right panel). Each point represents an individual study estimate, and the dashed vertical line indicates the pooled mean

difference.

established view that moderate-to-high atropine concentrations
are associated with predictable and pronounced functional
impairment of accommodation.

Comparison with previous meta-analyses further highlights the
contribution of the present study. Tran et al. [52] reported a
nonlinear dose-response relationship between atropine concen-
tration and changes in accommodative amplitude, with a steep
increase above 0.05-0.1%. Hou et al. [53] similarly identified
logarithmic dose-response relationships and suggested that
concentrations <0.05% preserve residual accommodation above
5D. In contrast, Wei et al. [54] concluded that atropine did not
affect accommodative amplitude significantly, likely due to
pooling heterogeneous study designs and follow-up periods. By
restricting inclusion to RCTs and explicitly stratifying by dose and
time, the present analysis reconciles these findings, demonstrating
that accommodative effects are indeed dose dependent, but
highly sensitive to study design, follow-up duration and outcome
timing.

The findings of this study align with long-term clinical trials,
indicating that atropine dosing must balance myopia-control
efficacy with tolerability at near. In ATOM2, 0.01% atropine was

Ophthalmic and Physiological Optics

associated with minimal accommodative loss (around 2-3 D) and
little near visual impact over 5 years [12]. In contrast, higher
concentrations were more likely to induce symptomatic near blur
and binocular stress, which is consistent with the dose-dependent
functional changes synthesised here. Additionally, evidence from
the extended follow-up in the LAMP study suggests that cessation
commonly necessitates restarting therapy and that re-treatment
with 0.05% atropine can regain efficacy comparable to continuous
treatment, supporting the need for planned monitoring of near
visual function during dose escalation and when discontinuing
therapy [17].

Several limitations of this systematic review and meta-analysis
should be acknowledged. First, although only RCTs were included,
substantial heterogeneity was observed in several pooled
analyses, particularly for accommodative amplitude at low
atropine concentrations. This heterogeneity likely reflects differ-
ences in atropine dosage, follow-up duration, outcome definitions
and clinical methods used to assess accommodation and
binocular vision across studies, as well as variability in study
populations and measurement protocols. Consequently, pooled
estimates should be interpreted with caution, particularly when

SPRINGER NATURE

11



C. Martinez-Pérez et al.

i and
. ntrations
: Ine concentratic
s different atrop - ontributing dgta
ing results acros ber of trials ¢ | ducing
comparing iods. Second, the num s was limited, re tors
kS follow-up p(fe”the. dose-time SUbgbro;pexploration of moier?our
0 ing robu k behaviour.
> to some d precluding ar-wor
o 2 o erand p ive error or ne often
g £ tistical pow : fractive e s were
c = o) sta baseline re ) lar outcome ised
S = S K| h as age, i d binocular o d standardis
e B 9 2 suc tive and b ials an i
2 = 5 > Third, accomz‘ogits in the lnC|UdG|’.ddt£onsistent|y' Potentlall);
E < £ dary endp not applie ddition, mos
- [} secon Is were R In a .
rotoco . imates. ; e
6  Z contrbuting to variability in effect Uiations, which may i e
o . A » Wh
“ 2 of g contributing nducted in Asian pop ther ethnic or geograpthe
§ 2 i Qi b studies were co the findings to o also influence
5 £ 83 8% £ neralisability of the fi igmentation may 2 its effects on
'g b %g D= = ge ps Differences in iris Ft)o atrOpine' inClUdlng ot reported
S o o groups. . esponse ) : was n e
£ R & harmacological resp er, this variable herefore may limit
£ = N a P dation. However, d studies, and there hat most
S x n E accommo cross the inC|Ude. S articularly given tha rch
0 _ S o ! 3 consistently a bility of the findings, |ption5 Thus, future resea bt
£ S S o % g < the generahsiducted in Asian pOpchi aRCTS with Standardt;sed 3|ar
= o ) o . co igne . inoc
ot R S [ © > trials were ell-desig ve and
6 in I Q M = joritise large, w mmodati m
o ) 5N @ Id prioritis t of acco Long-te
£ £ 2 Al a . ¢ shou essmen R tcomes.
=] [a) L =2 5 . levant ass R ary ou ent
o 9 o I =-z g linically relev ified prim ded treatm
S ¥ = =4 2 g clin . as prespec ion over exten d
g w =z isual function ional adaptation icularly needed.
@ g g Z’lf:::lies examining fu:Cg?;int cessation are pirggl;ingyregimens
] = - - fter tre ing differen n
2 c ® = s and a : aring . betwee
° 8 uration . . ns comp . : tions X
= 3 e - @ g gurthermorer investigatio Il as exploring mtef?‘;l interventions,
5 s =2 &z g g ncies, as we iour and optic tegies.
= ) P B - nd freque rk behavio ment strateg
ot £ 9 -3 2 2 a . apy, near-work | ia manage
= S Ru - B atropine therapy, n dividualised myop
g .2 : o ay help optimise in
9
s £ 2 ¢
== ® O he
g =5 that t
< EERRS ® 3 is demonstrates
- £ £ ¢ S lysis de i and
< £ g o o o NCLUSION . meta-analy ive amplitude
g g § g § & § S g -El'(])ls Systematic review er](c)jps on aCCommodatl\;erea C|Ear|y dose-
2 %5 2 2 N g ine eye ic children %) is
T ©° & N o Np & % of atropi L opic ¢ ine (0.01%) i
© - 0 X -2 8 1) effects X ction in my: atropine . .
2 8 E kN 23 . isual fun itive. Low-dose tion in
o = £ o ocular v - itive. ) ; reducti
v 3 £ zlenpendent and t|m|e Senssma” and 'nconSIStePftects on accom-
= > £ . ith only a - ignificant e
‘s g R aSSoc'atedd \;\-”t: ampl);tuder with no ignnocmar vision paramzt'ea;sel
= v . st bi medai
€ = £ ccommoda ty or mo file. Inter
g s e a . tereoacuity - fety pro ing a
] S T tive lag, s functional sa iability, suggesting
I [} @ v © moda ' : vourable fu r variability, ;
i 3% ¢ S 5 3 D o e Wative effects may emerge i a
g = g § = 2 & concentrations (0.0 hi;:h accommodative e tropine conSiStently
< o - . nge in w 0.05% a dative
= 8 ition rang ntrast, 0. i commo
) .t trans R . In co . in ac ! .
Q 4 s 2 Z subset of patients ningful reductions lar function, while
< 5 3 8 £ g es clinically mea hanges in binocula redictable
g i 2 g 2 2 prodqu and measurable cha gult in marked and p
g = g = :
c 5 & : =] g' amp|ItU e trations (=0.1%) res .
ks = 5 o 3 b5 higher concen idence and stratifying
§ £ z < <3 g cycloplegic effects. domised controlled evi fhiS review clarifies
= = 55 isi n ion,
S g 8= By Synthegsggseraand follow-up dufatr:ﬁnhts the importanC.e OT
S 2 2 3 ¢ g8 outcomes by do ious studies and hig preservation of visua
S 2 2 & &L discrepancies in prev ol efficacy with p nt guidance for
Z £ g 2 358 ing_myopia control e linically relevan ement.
& g - 8 93¢ balanCIngTh findings provide ¢ diatric myopia manag
= .o . e . 1 ae
£ 5 5 z agv32 function. ine dosing in p
S £ z = g z evidence-based atropine
o Og e
> S on o
(] > g L8
o 9 o5 ¢ tudy.
- c B . current s
o g . a g 3 \'g DATA AVAlLABltl;Ilzd or analysed during the
g 2 § 3 CC> § og No datasets were gen
a ° = ] = 7 o
[} (% () (%] ) B Y= Klaver
2 £ @ ggv ja MS, Verhoeven VIM,
p g 88 o REFERENCES A, Tideman JLW, Tedja M, ta-analysis. Invest Oph-
g « 3 0£¢ AEG, Enthoven CA, ia: a review and me
) ‘S 3 2 EC-T 1. Haarman ications of myopia 67/i0vs.61.4.49. Ml—
= 8 8% 8EEg® CW. The complica s://doi.org/10.1167/i Read S, et al. |
© x u (o 37) Zunw 32 < ccw. . i. 2020;61:49. https: im JA, Polling JR, hthalmol
2 €8 z 3 §35 thalmol Vs Sci. 2 A Cho P, Guggenheim d progression. Invest Op
5 £Eg 8 2. Wildsoet CF, Chia A, lling myopia onset and pi vs.18-25958. ,
£ T a%yg interventions for contro //doi.org/10.1167/io et al. Interventions
IS ° g =g interve :60:M106-31. https://doi. Mutti DO, Ng SM, et al. t Rev.
8 2 -2 S % Vis Sci. 2019;60: Vedula SS, Cotter SA, hrane Database Sys
g = € £ S line JJ, Lindsley KB, ia in children. Coc 6.pub4.
o <) 2 Wal . 0 04916.p .
c 2y 3. of myop 58.CDO! for
b g > §, ‘8 %] 2 % £y S v to slow progression //doi.org/10.1002/146518 t al. The use of atropine <
Sz C® S £a0°¢ :CD004916. https://doi. Perez C, Sim D, et al. e. J AAPOS.
ol 0| H v 8¢ v B T 2020;1:CD Yu F, Velez FG, Pe Data Warehouse.
£ 9 ho £ 5 8 ggcegd ineles SL, Repka MX, Yu F, Ve the OptumLabs 3
T wn = o g8wE 4. Pineles SL, blyopia using  133005.2020.11.003.
C ® © = ot n ent of am . 10.1016/j.jaap
[CEIS = < g2y v treatm 107-9.e1. https://doi.org/
- w < ° < c v] 2021;25:
S - v o SN o o ]
A s 0= X i v} .g’ﬁ =
a ¥ ° -g S — g [32) S&E s
= o 2% S —
c U
=

i ical Optics
Ophthalmic and Physiological Op
ATURE
SPRINGERN


https://doi.org/10.1167/iovs.61.4.49
https://doi.org/10.1167/iovs.18-25958
https://doi.org/10.1002/14651858.CD004916.pub4
https://doi.org/10.1016/j.jaapos.2020.11.003

wv

(=)

~N

o

O

20.

21.

22.

23.

24,

25.

26.

27.

. Chen M, Long Q, Gu H, Hong J. Accommodation changes after Visian implantable

collamer lens with central hole for high myopia: a STROBE-compliant article.
Medicine. 2019;98:e16434. https://doi.org/10.1097/MD.0000000000016434.

. Chua WH, Balakrishnan V, Chan YH, Tong L, Ling Y, Quah BL, et al. Atropine for

the treatment of childhood myopia. Ophthalmology. 2006;113:2285-91. https://
doi.org/10.1016/j.ophtha.2006.05.062.

. Chia A, Chua WH, Cheung YB, Wong WL, Lingham A, Fong A, et al. Atropine for

the treatment of childhood myopia: safety and efficacy of 0.5%, 0.1% and 0.01%
doses (ATOM2). Ophthalmology. 2012;119:347-54. https://doi.org/10.1016/
j.ophtha.2011.07.031.

. Chia A, Chua WH, Wen L, Fong A, Goon YY, Tan D. Atropine for the treatment of

childhood myopia: changes after stopping atropine 0.01%, 0.1% and 0.5%. Am J
Ophthalmol. 2014;157:451-7.e1. https://doi.org/10.1016/j.aj0.2013.09.020.

. Leo SW, Young TL. An evidence-based update on myopia and interventions to

retard its progression.
jjaapos.2010.09.020.

J AAPOS. 2011;15:181-9. https://doi.org/10.1016/

. Saw SM, Shih-Yen EC, Koh A, Tan D. Interventions to retard myopia progression in

children: an evidence-based update. Ophthalmology. 2002;109:415-21. https://
doi.org/10.1016/50161-6420(01)00972-1.

. Tong L, Huang XL, Koh ALT, Zhang X, Tan DTH, Chua WH. Atropine for the

treatment of childhood myopia: effect on myopia progression after cessation of
atropine. Ophthalmology. 2009;116:572-9. https://doi.org/10.1016/
j.ophtha.2008.10.020.

. Chia A, Lu QS, Tan D. Five-year clinical trial on atropine for the treatment of

myopia 2: myopia control with atropine 0.01% eyedrops. Ophthalmology.
2016;123:391-9. https://doi.org/10.1016/j.0phtha.2015.07.004.

. Wu PC, Yang YH, Fang PC. The long-term results of using low-concentration

atropine eye drops for controlling myopia progression in schoolchildren. J Ocul
Pharmacol Ther. 2011;27:461-6. https://doi.org/10.1089/jop.2011.0027.

. Fang YT, Chou YJ, Pu C, Lin PJ, Liu TL, Huang N, et al. Prescription of atropine eye

drops among children diagnosed with myopia in Taiwan from 2000 to 2007. Eye
2013;27:418-24. https://doi.org/10.1038/eye.2012.279.

. Pineles SL, Kraker RT, VanderVeen DK, Hutchinson AK, Galvin JA, Wilson LB, et al.

Atropine for the prevention of myopia progression in children: a report by the
American Academy of Ophthalmology. Ophthalmology. 2017;124:1857-66.
https://doi.org/10.1016/j.0phtha.2017.05.032.

. Yam JC, Khanal S, Phillips JR. Does 0.01% atropine have a place as a myopia

control therapy?. Ophthalmic Physiol Opt. 2025;45:929-35. https://doi.org/
10.1111/0p0.13490.

. Zhang XJ, Zhang Y, Yip BHK, Kam KW, Tang F, Ling X, et al. Five-year clinical trial

of low-concentration atropine for myopia progression (LAMP) study: phase 4
report. Ophthalmology. 2024;131:1011-20. https://doi.org/10.1016/
j.ophtha.2024.03.013.

. Li'Y, Yip M, Ning Y, Chung J, Toh A, Leow C, et al. Topical atropine for childhood

myopia control: the atropine treatment long-term assessment study. JAMA Oph-
thalmol. 2024;142:15-23. https://doi.org/10.1001/jamaophthalmol.2023.5467.

. McBrien NA, Stell WK, Carr B. How does atropine exert its anti-myopia effects?.

Ophthalmic Physiol Opt. 2013;33:373-8. https://doi.org/10.1111/0p0.12052.
Barathi VA, Weon SR, Beuerman RW. Expression of muscarinic receptors in human
and mouse sclera and their role in the regulation of scleral fibroblast prolifera-
tion. Mol Vis. 2009;15:1277-93.

Barathi VA, Beuerman RW. Molecular mechanisms of muscarinic receptors in
mouse scleral fibroblasts before and after induction of experimental myopia with
atropine treatment. Mol Vis. 2011;17:680-92.

Prousali E, Haidich AB, Tzamalis A, Ziakas N, Mataftsi A. The role of accom-
modative function in myopic development: a review. Semin Ophthalmol.
2022,37:455-61. https://doi.org/10.1080/08820538.2021.2006724.

Upadhyay A, Beuerman RW. Biological mechanisms of atropine control of myo-
pia. Eye  Contact Lens.  2020;46:129-35. https://doi.org/10.1097/
ICL.0000000000000677.

Wen L, Cao Y, Cheng Q, Li X, Pan L, Li L, et al. Objectively measured near work,
outdoor exposure and myopia in children. Br J Ophthalmol. 2020;104:1542-7.
https://doi.org/10.1136/bjophthalmol-2019-315258.

Logan NS, Radhakrishnan H, Cruickshank FE, Allen PM, Bandela PK, Davies LN,
et al. IMI accommodation and binocular vision in myopia development and
progression. Invest Ophthalmol Vis Sci. 2021;62:4. https://doi.org/10.1167/
iovs.62.5.4.

Ha A, Kim SJ, Shim SR, Kim YK, Jung JH. Efficacy and safety of 8 atropine con-
centrations for myopia control in children: a network meta-analysis. Ophthal-
mology. 2022;129:322-33. https://doi.org/10.1016/j.ophtha.2021.10.016.

Wei S, Li SM, An W, Du J, Liang X, Sun Y, et al. Safety and efficacy of low-dose
atropine eyedrops for myopia progression in Chinese children: a randomized
clinical trial. JAMA Ophthalmol. 2020;138:1178-84. https://doi.org/10.1001/
jamaophthalmol.2020.3820.

Ophthalmic and Physiological Optics

C. Martinez-Pérez et al.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45.

46.

47.

48.

49.

Kothari M, Modak M, Khan H, Jahan S, Solanki M, Rathod V. Convergence excess
consecutive esotropia associated with 0.01% atropine eye drops usage. Indian J
Ophthalmol. 2020;68:653-6. https://doi.org/10.4103/ijo.lJO_1243_19.

Gong Q, Janowski M, Luo M, Wei H, Chen B, Yang G, et al. Efficacy and adverse
effects of atropine in childhood myopia: a meta-analysis. JAMA Ophthalmol.
2017;135:624-30. https://doi.org/10.1001/jamaophthalmol.2017.1091.

Zhao C, Cai C, Ding Q, Dai H. Efficacy and safety of atropine to control myopia
progression: a systematic review and meta-analysis. BMC Ophthalmol.
2020;20:478. https://doi.org/10.1186/512886-020-01746-w.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ. 2021;372:n71 https://doi.org/10.1136/bmj.n71.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane
handbook for systematic reviews of interventions. Chichester: Wiley; 2019.
Guyatt GH, Thorlund K, Oxman AD, Walter SD, Patrick D, Furukawa TA, et al.
GRADE guidelines: 13. Preparing summary of findings tables and evidence pro-
files—continuous outcomes. J Clin Epidemiol. 2013;66:173-83. https://doi.org/
10.1016/j.jclinepi.2012.08.001.

Breliant RE, Pang Y, Bandstra A, Kattouf V. Effect of low-dose atropine on bino-
cular vision and accommodation in children aged 6 to 17 years. Optom Vis Sci.
2023;100:550-6. https://doi.org/10.1097/0PX.0000000000002031.

Cui G, Li X, Lyu Y, Wei L, Zhao B, Yu S, et al. Safety and efficacy of 0.02% and
0.01% atropine on controlling myopia progression: a 2-year clinical trial. Sci Rep.
2021;11:22267. https://doi.org/10.1038/541598-021-01708-2.

Fu A, Stapleton F, Wei L, Wang W, Zhao B, Watt K, et al. Effect of low-dose
atropine on myopia progression, pupil diameter and accommodative amplitude.
Br J Ophthalmol. 2020;104:1535-41. https://doi.org/10.1136/bjophthalmol-2019-
315440.

Hvid-Hansen A, Jacobsen N, Meller F, Bek T, Ozenne B, Kessel L. Myopia control
with low-dose atropine in European children: six-month results from a rando-
mized multicenter study. J Pers Med. 2023;13:325. https://doi.org/10.3390/
jpm13020325.

Jiang J, Long W, Hu Y, Zhao F, Zhao W, Zheng B, et al. Accommodation and
vergence function in children using atropine combined with orthokeratology.
Cont Lens  Anterior Eye. 2023;46:101704.  https://doi.org/10.1016/
j.clae.2022.101704.

Lee SSY, Lingham G, Blaszkowska M, Sanfilippo PG, Koay A, Franchina M, et al.
Low-concentration atropine eyedrops for myopia control in a multi-racial cohort
of Australian children. Clin Exp Ophthalmol. 2022;50:1001-12. https://doi.org/
10.1111/ce0.14148.

Saxena R, Dhiman R, Gupta V, Kumar P, Matalia J, Roy L, et al. Atropine for the
treatment of childhood myopia in India: multicentric randomized trial. Oph-
thalmology. 2021;128:1367-9. https://doi.org/10.1016/j.ophtha.2021.01.026.
Wang Y, Yao J, Qu X. Atropine 0.01% for the control of myopia in Chinese
children: effect on accommodation functions and pupil size. J Ophthalmol.
2020;2020:1-8. https://doi.org/10.1155/2020/7525180.

Woodman-Pieterse EC, Hughes RPJ, Hopkins S, Cunningham AF, Niemand J,
Romeo B, et al. Response of accommodation and vergence systems to low-dose
atropine. Ophthalmic Physiol Opt. 2025;45:1608-21. https://doi.org/10.1111/
0p0.70013.

Yam JC, Jiang Y, Tang SM, Law AKP, Chan JJ, Wong E, et al. Low-concentration
atropine for myopia progression (LAMP) study. Ophthalmology. 2019;126:113-24.
https://doi.org/10.1016/j.0phtha.2018.05.029.

Yam JC, Zhang XJ, Zhang Y, Wang YM, Tang SM, Li FF, et al. Three-year clinical
trial of low-concentration atropine for myopia progression (LAMP): phase 3
report. Ophthalmology. 2022;129:308-21. https://doi.org/10.1016/
j.ophtha.2021.10.002.

Tran HDM, Ha TTX, Tran YH, Coroneo M, Tran TD, Truong TU, et al. Impact of
various concentrations of low-dose atropine on pupillary diameter and accom-
modative amplitude in children with myopia. J Ocul Pharmacol Ther.
2024;40:232-9. https://doi.org/10.1089/jop.2023.0173.

Santos-Neto E, Dantas DO, Amaral DC, Castro Neto FC, Louzada RN, Alves MR.
Changes in accommodation and vergence parameters with topical use of 0.025%
and 0.05% atropine in myopes aged 7-17 years. Eye 2025;39:2664-70. https://
doi.org/10.1038/541433-025-03908-w.

Li H, Zhang L, Tian H, Zhang S, Zhang X, Zhang H, et al. Effect of 0.01% atropine
on accommodation in myopic teenagers. Front Pharmacol. 2022;13:808440.
https://doi.org/10.3389/fphar.2022.808440.

Cyphers B, Huang J, Walline JJ. Symptoms and ocular findings associated with
administration of 0.01% atropine in young adults. Clin Exp Optom.
2023;106:311-21. https://doi.org/10.1080/08164622.2022.2033603.

Pan W, Wu H, Tang Y, Yang Y, Xu Q, Luo Z, et al. Resolution of near-work-related
effects after 0.05% atropine: secondary analysis of a prospective study. Oph-
thalmol Ther. 2025;14:3047-57. https://doi.org/10.1007/s40123-025-01257-1.

SPRINGER NATURE

13


https://doi.org/10.1097/MD.0000000000016434
https://doi.org/10.1016/j.ophtha.2006.05.062
https://doi.org/10.1016/j.ophtha.2006.05.062
https://doi.org/10.1016/j.ophtha.2011.07.031
https://doi.org/10.1016/j.ophtha.2011.07.031
https://doi.org/10.1016/j.ajo.2013.09.020
https://doi.org/10.1016/j.jaapos.2010.09.020
https://doi.org/10.1016/j.jaapos.2010.09.020
https://doi.org/10.1016/S0161-6420(01)00972-1
https://doi.org/10.1016/S0161-6420(01)00972-1
https://doi.org/10.1016/j.ophtha.2008.10.020
https://doi.org/10.1016/j.ophtha.2008.10.020
https://doi.org/10.1016/j.ophtha.2015.07.004
https://doi.org/10.1089/jop.2011.0027
https://doi.org/10.1038/eye.2012.279
https://doi.org/10.1016/j.ophtha.2017.05.032
https://doi.org/10.1111/opo.13490
https://doi.org/10.1111/opo.13490
https://doi.org/10.1016/j.ophtha.2024.03.013
https://doi.org/10.1016/j.ophtha.2024.03.013
https://doi.org/10.1001/jamaophthalmol.2023.5467
https://doi.org/10.1111/opo.12052
https://doi.org/10.1080/08820538.2021.2006724
https://doi.org/10.1097/ICL.0000000000000677
https://doi.org/10.1097/ICL.0000000000000677
https://doi.org/10.1136/bjophthalmol-2019-315258
https://doi.org/10.1167/iovs.62.5.4
https://doi.org/10.1167/iovs.62.5.4
https://doi.org/10.1016/j.ophtha.2021.10.016
https://doi.org/10.1001/jamaophthalmol.2020.3820
https://doi.org/10.1001/jamaophthalmol.2020.3820
https://doi.org/10.4103/ijo.IJO_1243_19
https://doi.org/10.1001/jamaophthalmol.2017.1091
https://doi.org/10.1186/s12886-020-01746-w
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.jclinepi.2012.08.001
https://doi.org/10.1016/j.jclinepi.2012.08.001
https://doi.org/10.1097/OPX.0000000000002031
https://doi.org/10.1038/s41598-021-01708-2
https://doi.org/10.1136/bjophthalmol-2019-315440
https://doi.org/10.1136/bjophthalmol-2019-315440
https://doi.org/10.3390/jpm13020325
https://doi.org/10.3390/jpm13020325
https://doi.org/10.1016/j.clae.2022.101704
https://doi.org/10.1016/j.clae.2022.101704
https://doi.org/10.1111/ceo.14148
https://doi.org/10.1111/ceo.14148
https://doi.org/10.1016/j.ophtha.2021.01.026
https://doi.org/10.1155/2020/7525180
https://doi.org/10.1111/opo.70013
https://doi.org/10.1111/opo.70013
https://doi.org/10.1016/j.ophtha.2018.05.029
https://doi.org/10.1016/j.ophtha.2021.10.002
https://doi.org/10.1016/j.ophtha.2021.10.002
https://doi.org/10.1089/jop.2023.0173
https://doi.org/10.1038/s41433-025-03908-w
https://doi.org/10.1038/s41433-025-03908-w
https://doi.org/10.3389/fphar.2022.808440
https://doi.org/10.1080/08164622.2022.2033603
https://doi.org/10.1007/s40123-025-01257-1

C. Martinez-Pérez et al.

14

50. Lee CY, Sun CC, Lin YF, Lin KK. Effects of topical atropine on intraocular pressure
and myopia progression. BMC Ophthalmol. 2016;16:114. https://doi.org/10.1186/
512886-016-0297-y.

51. Lal B, Queener HM, Ostrin LA. Dose-dependent effects of atropine on static and
dynamic pupil and accommodation metrics in young adults. Invest Ophthalmol
Vis Sci. 2025;66:34 https://doi.org/10.1167/iovs.66.6.34.

52. Tran HDM, Sankaridurg P, Naduvilath T, Ha TTX, Tran TD, Jong M, et al. Meta-
analysis assessing change in pupillary diameter, accommodative amplitude and
efficacy of atropine for myopia control. Asia Pac J Ophthalmol. 2021;10:450-60.
https://doi.org/10.1097/AP0O.0000000000000414.

53. Hou P, Wu D, Nie Y, Wei H, Liu L, Yang G. Comparison of the efficacy and safety of
different doses of atropine for myopia control in children: a meta-analysis. Front
Pharmacol. 2023;14:1227787. https://doi.org/10.3389/fphar.2023.1227787.

54. Wei XL, Wu T, Dang KR, Hu KK, Lu XT, Gong M, et al. Efficacy and safety of
atropine at different concentrations in prevention of myopia progression in Asian
children: a systematic review and meta-analysis. Int J Ophthalmol.
2023;16:1326-36. https://doi.org/10.18240/ij0.2023.08.20.

AUTHOR CONTRIBUTIONS

Conceptualisation: Clara Martinez-Pérez, Jacinto Santodomingo-Rubido and César
Villa-Collar; Methodology: Clara Martinez-Pérez; Formal analysis and investigation:
Clara Martinez-Pérez, Jacinto Santodomingo-Rubido and César Villa-Collar; Writing—
original draft preparation: Clara Martinez-Pérez; Writing—review and editing: Clara
Martinez-Pérez, Jacinto Santodomingo-Rubido and César Villa-Collar; Supervision:
Jacinto Santodomingo-Rubido and César Villa-Collar.

FUNDING

Jacinto Santodomingo-Rubido is a full-time employee of Menicon Co. Ltd. The
authors alone are responsible for the content and writing of the paper. Universidade
de Santiago de Compostela/CISUG. Open Access funding provided thanks to the
CRUE-CSIC agreement with Springer Nature.

SPRINGER NATURE

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1007/544402-026-00093-5.

Correspondence and requests for materials should be addressed to
Clara Martinez-Pérez.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026

Ophthalmic and Physiological Optics


https://doi.org/10.1186/s12886-016-0297-y
https://doi.org/10.1186/s12886-016-0297-y
https://doi.org/10.1167/iovs.66.6.34
https://doi.org/10.1097/APO.0000000000000414
https://doi.org/10.3389/fphar.2023.1227787
https://doi.org/10.18240/ijo.2023.08.20
https://doi.org/10.1007/s44402-026-00093-5
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Dose-Dependent Effects of Atropine on Accommodative and Binocular Visual Function for Myopia Control in Children: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Research question and PICOS framework
	Eligibility Criteria
	Information Sources
	Search Methods for Identification of Studies
	Data Extraction and Data Items
	Methodological Quality and Risk of Bias Assessment
	Publication Bias
	Assessment of Results and Statistical Analyses

	Results
	Study Selection
	Study Characteristics
	Outcomes
	0.01% Atropine
	0.02–0.03% Atropine
	0.05% Atropine
	0.1–1% Atropine

	Sensitivity analysis
	Publication Bias
	Grade

	Discussion
	Conclusions
	References
	Author contributions
	Funding
	Competing Interests
	ADDITIONAL INFORMATION




