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Key messages 17 

• What is known: The efficacy of 0.01% atropine for preventing myopia onset is 18 

controversial, with conflicting evidence from randomized trials. 19 

• What is new: In this real-world cohort of 290 non-myopic and pre-myopic children, 20 

0.01% atropine was not associated with reduced myopia onset or refractive 21 

progression, consistent with the LAMP2 trial. 22 

• What is new: Baseline spherical equivalent was the strongest predictor of refractive 23 

trajectory; a possible benefit confined to children with baseline SE of −0.50 to 0 D 24 

was hypothesis-generating only. 25 
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Running title: Atropine 0.01% for myopia prevention 37 

Abstract 38 

Purpose: The efficacy of atropine 0.01% for preventing myopia onset remains 39 

controversial despite its widespread use. Its effectiveness in preventing incident 40 

myopia was evaluated in a real-world clinical setting. 41 

Methods: This retrospective cohort study included 290 non-myopic or pre-myopic 42 

children (157 receiving atropine 0.01% and 133 untreated controls) attending a 43 

tertiary eye center between January 2018 and October 2024. Longitudinal changes in 44 
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spherical equivalent (SE) were analyzed using linear mixed-effects models. Time to 45 

myopia onset (SE ≤ −0.50 D) was evaluated using Kaplan–Meier analysis and Cox 46 

proportional hazards regression. Multiple imputation and overlap-weighting analyses 47 

were performed as sensitivity analyses. 48 

Results: Myopia developed in 96 of 157 children (61.1%) receiving atropine and 98 49 

of 133 controls (73.7%). In the fully adjusted model, the group-by-time interaction 50 

was not significant (β = 0.021, 95% CI −0.046 to 0.089; P = 0.536), indicating similar 51 

rates of refractive progression. Baseline SE was the strongest predictor (β = 0.888, P < 52 

0.001). Kaplan–Meier analysis showed no significant difference (P = 0.182). Cox 53 

regression yielded a hazard ratio of 0.76 (95% CI 0.57–1.00; P = 0.052), while 54 

overlap weighting attenuated the association (HR 0.89, 95% CI 0.65–1.20; P = 0.44). 55 

Conclusion: In this real-world cohort, atropine 0.01% was not associated with a 56 

significant reduction in myopia onset or refractive progression. These findings do not 57 

support routine use of atropine 0.01% solely for preventing myopia onset. 58 

Keywords: atropine; myopia onset; myopia prevention; pre-myopia; real-world 59 

evidence 60 
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Introduction 61 

Myopia has become one of the leading causes of visual impairment worldwide, 62 

particularly in East and Southeast Asia, where both its prevalence and associated 63 

vision-threatening complications continue to rise.[1] Because pathological changes 64 

associated with progressive axial elongation may begin before clinical myopia 65 

develops, increasing attention has shifted from slowing myopia progression to 66 

preventing its onset in children at risk.[2] 67 

Low-concentration atropine has emerged as one of the most extensively investigated 68 

pharmacological interventions for myopia control.[3, 4] While atropine concentrations 69 

of 0.025%–0.05% have consistently demonstrated efficacy in slowing myopia 70 

progression, the role of 0.01% atropine in preventing incident myopia remains 71 

uncertain.[5-9] The recent Low-concentration Atropine for Myopia Prevention 72 

(LAMP2) trial reported that 0.05%, but not 0.01%, significantly reduced the 73 

cumulative incidence of myopia and rapid myopic shift in pre-myopic children.[10] In 74 

contrast, a prospective randomized double-masked crossover trial from China found 75 

that 0.01% atropine reduced myopic shift, axial elongation, and myopia onset over 76 

two consecutive 6-month treatment periods in a highly selected cohort of pre-myopic 77 

children.[11] Similarly, the Atropine for Myopia Prevention (AMPP) study reported 78 

delayed myopia onset with 0.01% in non-myopic schoolchildren.[12] These conflicting 79 

findings have generated substantial uncertainty regarding the preventive effectiveness 80 

of 0.01% atropine. 81 

Importantly, existing evidence has been derived predominantly from randomized 82 

controlled trials conducted under highly controlled conditions with protocol-driven 83 
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follow-up. In routine clinical practice, however, treatment decisions are influenced by 84 

parental preference, clinician judgement, perceived myopia risk, treatment adherence, 85 

and follow-up patterns, all of which may affect treatment effectiveness.[13] 86 

Consequently, the effectiveness of atropine observed in real-world clinical settings 87 

may differ from the efficacy reported in randomized trials. Real-world evidence 88 

therefore provides an important complement to randomized studies by evaluating 89 

treatment performance under everyday clinical conditions and informing routine 90 

clinical decision-making.[14] 91 

In March 2024, atropine 0.01% was approved by the China National Medical 92 

Products Administration for slowing myopia progression in children with 93 

established myopia.[15, 16] However, this regulatory approval does not extend to 94 

primary prevention of myopia onset in non-myopic or pre-myopic children—a distinct 95 

clinical objective that may differ substantially in biological mechanisms and 96 

therapeutic responsiveness. In routine clinical practice, clinicians and parents may be 97 

tempted to use this approved medication for prevention in at-risk children, creating a 98 

need for real-world evidence to guide such off-label use. To address this evidence 99 

gap, we conducted a retrospective real-world cohort study to evaluate whether low-100 

concentration atropine 0.01% reduces the risk of incident myopia among non-myopic 101 

and pre-myopic children receiving routine clinical care. 102 

Materials and Methods 103 

Study Design and Setting 104 
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This retrospective observational cohort study was conducted at the Eye and ENT 105 

Hospital of Fudan University, Shanghai, China. Consecutive eligible children 106 

attending the pediatric ophthalmology clinic between 1 January 2018 and 31 October 107 

2024 were screened through the electronic medical record system. The study was 108 

approved by the Institutional Review Board of the Eye and ENT Hospital of Fudan 109 

University (Approval No. 2025067). Because of the retrospective study design, 110 

written informed consent for study participation was waived; verbal consent was 111 

obtained from parents or legal guardians for telephone follow-up. 112 

Participants 113 

Children aged 3–13 years were eligible if they had bilateral spherical equivalent (SE) 114 

greater than −0.50 D at baseline, cycloplegic refraction available at baseline, and at 115 

least one subsequent cycloplegic examination. Additional eligibility criteria included 116 

spherical power between 0 and +1.25 D, cylindrical power between −1.00 and 0 D in 117 

both eyes, an interocular SE difference <2.00 D, and no previous or concurrent 118 

myopia-control intervention. 119 

Children were excluded if baseline cycloplegic refraction was incomplete, fewer than 120 

two visits with analyzable refractive data were available, follow-up was shorter than 121 

six months, or another myopia-control treatment was initiated during follow-up. 122 

Treatment allocation reflected routine clinical practice. Children prescribed atropine 123 

received hospital-compounded atropine sulfate 0.01% eye drops once nightly in both 124 

eyes, whereas children in the comparison group received no pharmacological 125 
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treatment. Treatment decisions were made jointly by ophthalmologists and parents 126 

and were independent of study participation. 127 

Ophthalmic Examination and Outcome Measures 128 

Cycloplegic refraction was performed using compound tropicamide according to 129 

institutional clinical protocols. The participant was the unit of analysis, and the mean 130 

SE of both eyes was used for statistical analyses to account for the high correlation 131 

between fellow eyes. 132 

The primary outcome was incident myopia, defined as the first visit at which SE was 133 

≤ −0.50 D in either eye or confirmed at the subsequent examination. The secondary 134 

outcome was annual change in SE. Rapid myopic progression was defined as an 135 

annual change in SE of at least −0.50 D/year. 136 

Covariates 137 

Baseline demographic and clinical variables included age, sex, baseline SE, sphere 138 

and cylinder, parental history of myopia, average daily outdoor activity and average 139 

daily near-work time. Baseline SE, age and parental myopia were prespecified before 140 

statistical modelling. 141 

Statistical Analysis 142 

Baseline characteristics were summarized as mean (standard deviation [SD]) or 143 

median (interquartile range [IQR]) for continuous variables and number (percentage) 144 

for categorical variables. Between-group comparisons used Student's t test or the 145 

Mann–Whitney U test for continuous variables, and the χ² test or Fisher's exact test 146 

for categorical variables, as appropriate. 147 



 7 

Longitudinal refractive change was analyzed using linear mixed-effects models with 148 

participant-specific random intercepts to account for repeated measurements. Fixed 149 

effects included treatment group, follow-up time, age and sex, with the treatment-by-150 

time interaction prespecified as the principal parameter. 151 

Missing covariate data were addressed using multiple imputation by chained 152 

equations under the missing-at-random assumption. Twenty imputed datasets were 153 

generated, and parameter estimates and standard errors were combined using Rubin's 154 

rules.[17] A fully adjusted mixed-effects model including baseline SE, outdoor activity, 155 

near-work time and parental myopia was performed as a sensitivity analysis. 156 

Time to incident myopia was analyzed using Kaplan–Meier estimation and compared 157 

with the log-rank test. Multivariable Cox proportional hazards regression estimated 158 

hazard ratios (HRs) and 95% confidence intervals (CIs) after adjustment for 159 

prespecified confounders. The proportional hazards assumption was assessed using 160 

Schoenfeld residuals. Where the assumption was violated, prespecified time-stratified 161 

Cox regression models were fitted. 162 

To reduce bias arising from non-random treatment allocation, overlap weighting 163 

based on propensity scores was performed as a sensitivity analysis.[18] Propensity 164 

scores were estimated using logistic regression. Model 1 included age, sex and 165 

baseline refractive variables, whereas Model 2 additionally incorporated parental 166 

myopia. Covariate balance was evaluated using standardized mean differences 167 

(SMDs), with values <0.10 indicating adequate balance. 168 
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All statistical analyses were performed using R version 4.3.1 (R Foundation for 169 

Statistical Computing, Vienna, Austria). All statistical tests were two-sided, and P < 170 

0.05 was considered statistically significant unless otherwise specified. 171 

Results 172 

Participant Characteristics 173 

Of 325 children initially identified through the electronic medical record system (172 174 

in the atropine group and 153 in the control group), 290 met the eligibility criteria and 175 

were included in the analysis, comprising 157 children in the atropine 0.01% group 176 

and 133 untreated controls. Thirty-five children were excluded due to incomplete 177 

baseline data, insufficient follow-up, or initiation of other myopia-control treatments 178 

during the study period. The mean (SD) age at baseline was 6.94 (1.47) years, and 179 

143 participants (49.3%) were boys. 180 

Baseline refractive status was comparable between groups, with a mean SE of +0.06 ± 181 

0.32 D in the atropine group and +0.03 ± 0.31 D in the control group (standardized 182 

mean difference [SMD] = 0.076). Age, sex, outdoor activity and near-work time were 183 

also generally balanced (all SMD < 0.25). However, paternal myopia was more 184 

common among children receiving atropine than among controls (75.9% vs 49.3%; 185 

SMD = 0.568). Baseline characteristics are summarized in Table 1. 186 

Longitudinal Refractive Change 187 

The longitudinal analysis included 763 cycloplegic refraction measurements from 290 188 

participants. In the fully adjusted linear mixed-effects model, SE decreased 189 

significantly over time (β = −0.359 D/year, 95% CI −0.407 to −0.310; P < 0.001). The 190 
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treatment-by-time interaction was not significant (β = 0.021, 95% CI −0.046 to 0.089; 191 

P = 0.536), indicating no differential rate of refractive progression between groups. 192 

An unadjusted model yielded consistent findings (β = 0.013, 95% CI −0.058 to 0.085; 193 

P = 0.712). 194 

Baseline SE was the strongest independent predictor of follow-up SE (β = 0.888, 95% 195 

CI 0.756 to 1.020; P < 0.001). (Figure 1 and Table 2).  196 

Time to Myopia Onset 197 

Overall, incident myopia occurred in 194 of 290 children (66.9%) during follow-up, 198 

including 96 of 157 (61.1%) in the atropine group and 98 of 133 (73.7%) in the 199 

control group. Median time to myopia onset was 1.82 years (95% CI 1.47–2.12) in the 200 

atropine group and 1.40 years (95% CI 1.04–1.91) in the control group. Kaplan–Meier 201 

analysis showed no significant difference in myopia-free survival between groups 202 

(log-rank P = 0.182)(Figure 2). In multivariable Cox regression analysis, atropine 203 

treatment was associated with an HR of 0.755 (95% CI 0.568–1.003; P = 0.052). 204 

Baseline SE remained an independent predictor of myopia onset (HR 0.221, P < 205 

0.001). Because the proportional hazards assumption was not satisfied, time-stratified 206 

Cox models showed no significant association between atropine treatment and 207 

incident myopia during any follow-up interval (all P > 0.05). 208 

Sensitivity Analysis 209 

Overlap-weighting analyses achieved satisfactory covariate balance, with all post-210 

weighting SMDs below 0.10. After weighting for demographic and refractive 211 

variables (Model 1), the estimated HR for incident myopia was 0.83 (95% CI 0.62–212 
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1.11; P = 0.21). Additional balancing for parental myopia (Model 2) produced an HR 213 

of 0.89 (95% CI 0.65–1.20; P = 0.44). Both weighted analyses were consistent with 214 

the primary analysis and did not demonstrate a statistically significant association, 215 

confirming that the marginal Cox P value (0.052) likely reflected residual 216 

confounding rather than a genuine treatment effect. 217 

Exploratory Subgroup Analyses 218 

Among children with baseline SE between −0.50 and 0 D, atropine treatment was 219 

associated with a lower risk of incident myopia (HR 0.654, 95% CI 0.465–0.919; P = 220 

0.014). However, the treatment-by-subgroup interaction was not statistically 221 

significant (P for interaction = 0.240) (Table 3). 222 

Discussion 223 

Principal findings in context 224 

In this real-world cohort of 290 non-myopic and pre-myopic children, nightly 225 

administration of 0.01% atropine was not associated with a significant reduction in 226 

myopia onset or refractive progression. In the fully adjusted linear mixed-effects 227 

model, the treatment effect on refractive progression was minimal (group-by-time 228 

interaction 0.021 D/year, 95% CI −0.046 to 0.089; P =0.536), corresponding to a 4-229 

year difference of only 0.09 D. Similarly, survival analyses did not demonstrate a 230 

significant preventive effect (Cox regression HR 0.76, 95% CI 0.57 to 1.00; P 231 

=0.052). Sensitivity analysis using overlap weighting produced a similar null result 232 

(HR 0.89, 95% CI 0.65 to 1.20; P =0.44). Together, these findings suggest that 0.01% 233 



 11 

atropine provides limited effectiveness for primary prevention of myopia in routine 234 

clinical practice.  235 

Our results are consistent with the LAMP2 randomized trial, in which 0.01% atropine 236 

did not significantly reduce myopia incidence in pre-myopic children, whereas higher 237 

concentrations demonstrated preventive efficacy.[10] However, they differ from the 238 

AMPP study, which reported delayed myopia onset with 0.01% atropine in a selected 239 

cohort of non-myopic children.[12] Differences in baseline risk, treatment adherence, 240 

and study design may explain these discrepancies: the AMPP cohort may have been at 241 

an earlier stage of refractive development, whereas our real-world sample covered a 242 

broader spectrum of baseline refractive states. Any preventive effect of low-dose 243 

atropine may therefore depend on specific clinical contexts rather than represent a 244 

universal treatment effect. 245 

A concentration-dependent response is consistently observed in atropine myopia 246 

control studies: the LAMP trial found greater efficacy of 0.05% and 0.025% than 247 

0.01%, [5-8] network meta-analyses rank 0.01% as the least effective studied 248 

regimen,[19, 24] and a real-world study reported the weakest and most variable response 249 

with 0.01%.[20] It is plausible that 0.01% atropine produces insufficient 250 

pharmacological activity at key biological targets to influence the initiation of axial 251 

elongation,[21-23] although the relationship between topical concentration, ocular 252 

exposure, and clinical efficacy has not been directly established in humans. 253 

Real-world effectiveness and treatment exposure 254 
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The discrepancy between clinical trials and routine practice may also reflect 255 

differences in treatment exposure. Randomized trials generally achieve high 256 

adherence through structured follow-up and monitoring,[8, 12, 25] whereas preventive 257 

treatment in asymptomatic children may be affected by variable parental motivation 258 

and inconsistent nightly administration.[19] In addition, hospital-compounded 259 

preparations may differ from commercial products in stability, pH, and preservative 260 

composition.[26-29] 261 

Predictors of myopia development 262 

Baseline spherical equivalent was the strongest predictor of refractive trajectory in our 263 

cohort (β=0.888, P<0.001), consistent with previous clinical trials.[10] After 264 

adjustment, environmental factors including outdoor time and near-work duration 265 

were not independently associated with progression, although incomplete 266 

environmental data may have limited statistical power.[2] Exploratory subgroup 267 

analysis suggested a possible reduction in myopia onset among children with baseline 268 

spherical equivalent between −0.50 D and 0 D (HR 0.654, 95% CI 0.465 to 0.919). 269 

However, the treatment-by-subgroup interaction was not statistically significant, and 270 

neighboring refractive categories showed inconsistent estimates. Therefore, this 271 

observation should be regarded as hypothesis-generating rather than evidence 272 

supporting targeted preventive treatment. 273 

Clinical implications 274 

Our findings do not support routine use of 0.01% atropine for prevention of myopia in 275 

non-myopic or pre-myopic children. Current evidence supports increased outdoor 276 
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exposure as the most established preventive strategy.[30-33] Consistent evidence 277 

demonstrates reduced incidence of myopia and minimal safety concerns.[34, 35] 278 

In contrast, regulatory approval of 0.01% atropine in China applies to slowing 279 

progression in children with established myopia rather than preventing onset. Clinical 280 

recommendations should therefore distinguish between these two therapeutic 281 

objectives and avoid extrapolating evidence from progression control to primary 282 

prevention.[15][16] 283 

Long-term preventive administration also requires consideration of treatment duration 284 

and rebound effects.[7] Previous studies have demonstrated accelerated refractive 285 

progression after atropine cessation, with greater rebound observed after lower 286 

concentrations.[7, 36] Whether prolonged exposure of low-dose atropine provides 287 

meaningful preventive benefit while maintaining long-term safety remains 288 

uncertain.[4] 289 

Limitations 290 

Several limitations should be considered. First, axial length measurements were 291 

unavailable, preventing evaluation of structural ocular growth. Although cycloplegic 292 

spherical equivalent remains the clinical standard for defining incident myopia, axial 293 

length provides a more direct marker of ocular elongation and should be incorporated 294 

into future prevention studies. 295 

Second, treatment allocation was not randomized, resulting in potential confounding 296 

by indication. Children receiving atropine had a higher prevalence of paternal myopia, 297 

suggesting that clinicians preferentially treated those perceived to be at higher risk. 298 
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Although multivariable adjustment, multiple imputation and overlap weighting 299 

yielded consistent findings, residual confounding cannot be excluded. 300 

Third, generalizability may be limited because participants were recruited from a 301 

tertiary ophthalmic center and predominantly represented Asian children.[10] Finally, 302 

subgroup analyses were exploratory and required validation in adequately powered 303 

prospective studies. 304 

Conclusion 305 

In this real-world retrospective cohort, 0.01% atropine was not associated with 306 

reduced myopia onset or refractive progression in non-myopic and pre-myopic 307 

children. These findings are consistent with the concentration-dependent 308 

pharmacology of atropine and suggest that the efficacy of 0.01% may be insufficient 309 

for primary prevention in routine practice. Future studies should determine whether 310 

higher concentrations or risk-stratified treatment strategies can provide effective and 311 

safe approaches for preventing myopia onset. 312 

 313 

 314 

Acknowledgements 315 

The authors would like to express their sincere gratitude to all participants involved in 316 

this study. We also thank Yibin Zhou for his guidance in statistical analysis.  317 

During the preparation of this manuscript, the author(s) used Kimi 3.0 for the 318 

purposes of language editing/grammar checking/formatting assistance. The authors 319 

have reviewed and edited the output and take full responsibility for the contents of 320 

this publication. 321 



 15 

Author Contributions 322 

T.H. and X.Z.: conception and design. X.L. and S.H.: data collection. X.L. and Z.C.: 323 

statistical analysis and data interpretation. X.L., S.H. and Z.C.: drafting the manuscript. 324 

X.L. and Z.C.: critical revision. All authors: final approval and accountability. 325 

Data Availability Statement： 326 

The data that support the findings of this study are available from the 327 

corresponding author upon reasonable request. Due to the retrospective nature 328 

of the study and institutional data protection policies, individual participant 329 

data cannot be made publicly available. 330 

Ethics Approval 331 

This study was approved by the Institutional Review Board of the Eye and ENT 332 

Hospital of Fudan University (Approval No. 2025067). Written informed consent for 333 

study participation was waived due to the retrospective design; verbal consent was 334 

obtained from parents or legal guardians for telephone follow-up. 335 

 336 

References 337 

1. Holden BA, Fricke TR, Wilson DA, et al. Global prevalence of myopia and high 338 

myopia and temporal trends from 2000 through 2050. Ophthalmology 339 

2016;123:1036-42. doi: 10.1016/j.ophtha.2016.01.006  340 

2. Flitcroft DI, He M, Jonas JB, et al. IMI - Defining and classifying myopia: a 341 

proposed set of standards for clinical and epidemiologic studies. Invest 342 

Ophthalmol Vis Sci 2019;60:M20-M30. doi: 10.1167/iovs.18-25966  343 



 16 

3. Chua WH, Balakrishnan V, Chan YH, et al. Atropine for the treatment of 344 

childhood myopia. Ophthalmology 2006;113:2285-91. doi: 345 

10.1016/j.ophtha.2006.05.062  346 

4. Chia A, Chua WH, Cheung YB, et al. Atropine for the treatment of childhood 347 

myopia: safety and efficacy of 0.5%, 0.1%, and 0.01% doses (ATOM2). 348 

Ophthalmology 2012;119:347-54. doi: 10.1016/j.ophtha.2011.07.031  349 

5. Yam JC, Jiang Y, Tang SM, et al. Low-concentration atropine for myopia 350 

progression (LAMP) study: a randomised, double-blinded, placebo-controlled 351 

trial of 0.05%, 0.025%, and 0.01% atropine eye drops in myopia control. 352 

Ophthalmology 2019;126:113-24. doi: 10.1016/j.ophtha.2018.05.029 353 

6. Yam JC, Li FF, Zhang X, et al. Two-year clinical trial of the low-concentration 354 

atropine for myopia progression (LAMP) study: phase 2 report. Ophthalmology 355 

2020;127:910-9. doi: 10.1016/j.ophtha.2019.12.011 356 

7. Yam JC, Zhang XJ, Zhang Y, et al. Three-year clinical trial of low-concentration 357 

atropine for myopia progression (LAMP) study: continued versus washout: phase 358 

3 report. Ophthalmology 2022;129:308-21. doi: 10.1016/j.ophtha.2021.10.002 359 

8. Zhang XJ, Zhang Y, Yip BHK, et al. Five-year clinical trial of the low-360 

concentration atropine for myopia progression (LAMP) study: phase 4 report. 361 

Ophthalmology 2024;131:1011-20. doi: 10.1016/j.ophtha.2024.03.013 362 

9. Zhang XJ, Zaabaar E, French AN, et al. Advances in myopia control strategies 363 

for children. Br J Ophthalmol 2025;109:165-76. doi: 10.1136/bjo-2023-323887 364 



 17 

10. Yam JC, Zhang XJ, Zhang Y, et al. Effect of low-concentration atropine eyedrops 365 

vs placebo on myopia incidence in children: the LAMP2 randomised clinical 366 

trial. JAMA 2023;329:472-81. doi: 10.1001/jama.2022.24162 367 

11. Wang W, Zhang F, Yu S, et al. Prevention of myopia shift and myopia onset 368 

using 0.01% atropine in premyopic children: a prospective, randomised, double-369 

masked, and crossover trial. Eur J Pediatr 2023;182:2597-606. doi: 370 

10.1007/s00431-023-04921-5 371 

12. He M, Wang H, Du B, et al. 0.01% atropine for myopia prevention in pre-myopia 372 

(AMPP study). Ophthalmic Physiol Opt 2025;45:1924-34. doi: 373 

10.1111/opo.70018 374 

13. Saw SM, Matsumura S, Hoang QV. Prevention and management of myopia and 375 

myopic pathology. Invest Ophthalmol Vis Sci 2019;60:488-99. doi: 376 

10.1167/iovs.18-25221 377 

14. Walline JJ, Lindsley KB, Vedula SS, et al. Interventions to slow progression of 378 

myopia in children. Cochrane Database Syst Rev 2020;1:CD004916. doi: 379 

10.1002/14651858.CD004916.pub2 380 

15. Li L. Interpretation of expert consensus on the application of low-concentration 381 

atropine eye drops in the prevention and control of myopia in children and 382 

adolescents. Pediatr Investig 2025;9:107-13. doi: 10.1002/ped4.70002 383 

16. Chinese Ophthalmological Society, Optometry and Visual Science Committee. 384 

Expert consensus on the application of low-concentration atropine eye drops for 385 



 18 

myopia prevention and control in children and adolescents (2024). Chin J 386 

Ophthalmol 2024;60:169-76. [In Chinese] 387 

17. Li F, Thomas LE, Li F. Addressing extreme propensity scores via the overlap 388 

weights. Am J Epidemiol 2019;188:250-7. doi: 10.1093/aje/kwy201 389 

18. Thomas LE, Li F, Pencina MJ. Overlap weighting: a propensity score method that 390 

mimics attributes of a randomised clinical trial. JAMA 2020;323:2417-8. doi: 391 

10.1001/jama.2020.7819 392 

19. Ha A, Kim SJ, Shim SR, et al. Efficacy and safety of 8 atropine concentrations 393 

for myopia control in children: a network meta-analysis. Ophthalmology 394 

2022;129:322-33. doi: 10.1016/j.ophtha.2021.09.024 395 

20. Li H, Wu P, Qi W, et al. Real-world evidence for atropine titration in myopia 396 

control: a comparative study of three low-dose regimens in Chinese children. 397 

Front Pharmacol 2026;17:1716698. doi: 10.3389/fphar.2026.1716698 398 

21. Huang L, Zhang J, Luo Y. The role of atropine in myopia control: insights into 399 

choroidal and scleral mechanisms. Front Pharmacol 2025;16:1509196. doi: 400 

10.3389/fphar.2025.1509196 401 

22. Yang Y, Wei L, Wang B, et al. Effects of atropine on choroidal thickness in 402 

myopic children: a meta-analysis. Front Pharmacol 2024;15:1440180. doi: 403 

10.3389/fphar.2024.1440180 404 

23. Troilo D, Smith EL 3rd, Nickla DL, et al. IMI - Report on experimental models 405 

of emmetropization and myopia. Invest Ophthalmol Vis Sci 2019;60:M31-M88. 406 

doi: 10.1167/iovs.18-25967 407 



 19 

24. Gong Q, Janowski M, Luo M, et al. Efficacy and adverse effects of atropine in 408 

childhood myopia: a meta-analysis. JAMA Ophthalmol 2017;135:624-30. doi: 409 

10.1001/jamaophthalmol.2017.1091 410 

25. Wei S, Li SM, An W, et al. Safety and efficacy of low-dose atropine eyedrops for 411 

the treatment of myopia progression in Chinese children: a randomised clinical 412 

trial. JAMA Ophthalmol 2020;138:1178-84. doi: 413 

10.1001/jamaophthalmol.2020.3820 414 

26. Saxena R, Dhiman R, Gupta V, et al. Prevention and management of childhood 415 

progressive myopia: national consensus guidelines. Indian J Ophthalmol 416 

2023;71:2873-81. doi: 10.4103/IJO.IJO_387_23 417 

27. Saito J, Imaizumi H, Yamatani A. Physical, chemical, and microbiological 418 

stability study of diluted atropine eye drops. J Pharm Health Care Sci 2019;5:25. 419 

doi: 10.1186/s40780-019-0154-2 420 

28. Sri-in J, Sisan W, Kingkhangphloo P, et al. Stability and sterility of 421 

extemporaneously prepared 0.01% atropine ophthalmic solution in artificial tears 422 

and balanced salt solution. Siriraj Med J 2022;74:91-9. doi: 423 

10.33192/Smj.2022.33 424 

29. Li F, Ye X, Li M, et al. Enhanced ophthalmic bioavailability and stability of 425 

atropine sulfate via sustained release particles using polystyrene sulfonate resin. 426 

Int J Pharm 2024;660:124294. doi: 10.1016/j.ijpharm.2024.124294 427 



 20 

30. Xiong S, Sankaridurg P, Naduvilath T, et al. Time spent in outdoor activities in 428 

relation to myopia prevention and control: a meta-analysis and systematic review. 429 

Acta Ophthalmol 2017;95:551-66. doi: 10.1111/aos.13403 430 

31. He M, Xiang F, Zeng Y, et al. Effect of time spent outdoors at school on the 431 

development of myopia among children in China: a randomised clinical trial. 432 

JAMA 2015;314:1142-8. doi: 10.1001/jama.2015.10803 433 

32. Rose KA, Morgan IG, Ip J, et al. Outdoor activity reduces the prevalence of 434 

myopia in children. Ophthalmology 2008;115:1279-85. doi: 435 

10.1016/j.ophtha.2007.12.019 436 

33. Sherwin JC, Reacher MH, Keogh RH, et al. The association between time spent 437 

outdoors and myopia in children and adolescents: a systematic review and meta-438 

analysis. Ophthalmology 2012;119:2141-51. doi: 10.1016/j.ophtha.2012.04.020 439 

34. Jonas JB, Ang M, Cho P, et al. IMI Prevention of myopia and its progression. 440 

Invest Ophthalmol Vis Sci 2021;62:6. doi: 10.1167/iovs.62.5.6 441 

35. French AN, Ashby RS, Morgan IG, et al. Time outdoors and the prevention of 442 

myopia. Exp Eye Res 2013;114:58-68. doi: 10.1016/j.exer.2013.04.018 443 

36. Lee SS, Nilagiri VK, Lingham G, et al. Myopia progression following 0.01% 444 

atropine cessation in Australian children: findings from the Western Australia -- 445 

Atropine for the Treatment of Myopia (WA-ATOM) study. Clin Exp Ophthalmol 446 

2024;52:507-15. doi: 10.1111/ceo.14368 447 



 21 

Tables: 448 

Table 1. Baseline Characteristics of Study Participants 449 

Characteristic 

Control Group 

 (n = 133) 

Atropine Group 

 (n = 157) 
SMD 

Demographics 

Age, years 6.81 ± 1.56 7.06 ± 1.37 0.172 

Male sex, n (%) 70 (52.6) 73 (46.5) 0.123 

Baseline refraction, diopter 

Spherical equivalent (SE) +0.03 ± 0.31 +0.06 ± 0.32 0.076 

Sphere, right eye +0.28 ± 0.32 +0.26 ± 0.34 0.047 

Sphere, left eye +0.22 ± 0.29 +0.24 ± 0.32 0.051 

Cylinder, right eye −0.45 ± 0.32 −0.40 ± 0.30 0.159 

Cylinder, left eye −0.41 ± 0.32 −0.36 ± 0.30 0.146 

Environmental factors 

Outdoor time, hours/day 3.41 ± 0.74 3.31 ± 0.89 0.118 

Near work time, hours/day 4.03 ± 1.03 4.17 ± 1.37 0.115 

Family history of myopia 

Maternal myopia, n (%) 35 (48.6) 30 (55.6) 0.138 

Paternal myopia, n (%) 36 (49.3) 41 (75.9) 0.568 

Either parent myopic, n (%) 56 (76.7) 48 (88.9) 0.327 

Values are presented as mean (SD) or n (%). SMD, standardized mean difference.  450 

 451 
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 452 

Table 2. Fully Adjusted Linear Mixed-Effects Model: Fixed-Effect Estimates for 453 

Spherical Equivalent Trajectory (After Multiple Imputation) 454 

Parameter Estimate (SE) 95% CI P value 

Intercept 0.103 (0.207) −0.302 to 0.508 0.618 

Group (Atropine) 0.091 (0.050) −0.008 to 0.190 0.072 

Time (years) −0.359 (0.025) −0.407 to −0.310 <0.001 

Age −0.022 (0.014) −0.050 to 0.006 0.119 

Sex (Male) 0.047 (0.042) −0.036 to 0.129 0.265 

Baseline SE 0.888 (0.067) 0.756 to 1.020 <0.001 

Outdoor time −0.012 (0.037) −0.086 to 0.061 0.749 

Near-work time −0.002 (0.021) −0.043 to 0.040 0.932 

Either parent myopic −0.089 (0.063) −0.213 to 0.035 0.162 

Group × Time 0.021 (0.035) −0.046 to 0.089 0.536 

Model estimates were obtained from 20 multiply imputed datasets using the mice 455 

package and combined according to Rubin’s rules. The model included a random 456 

intercept for participant and fixed effects for treatment group, time, group-by-time 457 

interaction, baseline spherical equivalent, age, sex, outdoor time, near-work time, and 458 
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parental myopia. CI, confidence interval; SE, standard error; REML, restricted 459 

maximum likelihood; ICC, intraclass correlation coefficient. 460 

 461 

Table 3. Exploratory Subgroup Analyses of Atropine Effect 462 

Subgroup n 

Events, n (%) 

HR (95% CI)* P value 

Atropine Control 

By Baseline SE 

SE > +0.50 D 25 6 (42.9) 8 (72.7) 0.969 (0.330–2.844) 0.954 

SE +0.25 to +0.50 D 28 6 (42.9) 11 (78.6) 0.750 (0.275–2.051) 0.576 

SE 0 to +0.25 D 56 16 (51.6) 11 (44.0) 1.432 (0.657–3.119) 0.366 

SE −0.50 to 0 D 181 68 (69.4) 68 (82.0) 0.654 (0.465–0.919) 0.014 

P for interaction     0.240 

By Age 

≤6 years 105 — — 0.997 (0.622–1.598) 0.990 

7–8 years 147 — — 0.751 (0.506–1.114) 0.155 

≥9 years 38 — — 0.522 (0.218–1.253) 0.146 

P for interaction     0.381 
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Joint: SE −0.50 to 0 D by Age 

≤6 years 62 27 (45.0) 20 (55.6) 1.170 (0.648–2.110) 0.604 

7–8 years 97 40 (58.8) 35 (81.4) 0.535 (0.333–0.860) 0.010 

≥9 years 22 6 (35.3) 8 (72.7) 0.239 (0.071–0.801) 0.020 

HR, hazard ratio; CI, confidence interval. Hazard ratios were estimated using 463 

univariable Cox proportional hazards models. Subgroup analyses were exploratory, not 464 

prespecified, and were not adjusted for multiple comparisons 465 

Figure 466 

Figure 1 Predicted longitudinal trajectories of spherical equivalent (SE) in children receiving 467 

atropine 0.01% (n=157) and untreated controls (n=133) 468 

 469 

 470 
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Figure 2 Kaplan–Meier curves showing cumulative myopia-free survival in children receiving 471 

atropine 0.01% (n=157) and untreated controls (n=133) 472 

 473 

 474 

Figure Legends 475 

 476 

Figure 1. Predicted longitudinal trajectories of spherical equivalent (SE) in children 477 

receiving atropine 0.01% (n=157) and untreated controls (n=133). Solid lines 478 

represent fitted values from the fully adjusted linear mixed-effects model, with 479 

covariates held at their mean values. Shaded areas indicate 95% confidence intervals. 480 

Raw observations are displayed as semi-transparent jittered points. SE, spherical 481 

equivalent. 482 

 483 
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Figure 2. Kaplan–Meier curves showing cumulative myopia-free survival in children 484 

receiving atropine 0.01% (n=157) and untreated controls (n=133). Myopia onset was 485 

defined as spherical equivalent ≤ −0.50 D. Between-group differences were assessed 486 

using the log-rank test. 487 
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