
T he Atropine for the Treatment Of childhood 
Myopia (ATOM) 2 study (2012) reported that 

administration of eye drops containing a highly diluted 
(0.01%) atropine,  an anticholinergic neurotransmit-
ter-blocking drug,  to children demonstrated a  signifi-
cant preventive effect (inhibition ratio of 60%) against 
myopia progression,  without problematic side effects or 
rebounding after cessation of the treatment [1].  
Problems with that study were that it did not have a 
placebo control group and thus needed to employ his-
torical data obtained in ATOM1 (2006) [2] to calculate 
the inhibition ratio,  and that it found no preventive  
effects in terms of the axial length of the eye (AL).

Since then,  however,  0.01% atropine administration 

has been highlighted as a novel preventive treatment.  A 
number of replication studies with different designs 
have been conducted,  but the reported inhibition ratios 
of myopic progression vary widely from 15% [3] to 80% 
[4].  Zhao et al.  (2019) reported the first systematic 
review of 0.01% atropine treatment [5].  However,  their 
review included only one well-documented randomized 
clinical trial (RCT) [6].  In addition,  three of the seven 
trials in their meta-analysis employed data for higher 
concentrations of atropine (0.1-1%) instead of a placebo 
vehicle as the control.  Consequently,  they found signif-
icant preventive effects only in axial elongation and not 
in myopia progression.  They noted high heterogeneity 
in the analysis,  and thus the quality of the evidence 
obtained was low.  Weak inclusion criteria led to mis-
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leading conclusions.
In recent years,  as an emergency counter against the 

so-called epidemic of myopia [7],  0.01% atropine eye 
drops have been frequently prescribed to myopic chil-
dren in clinics [8 , 9].  Therefore,  clarification of its 
treatment effects becomes more important when con-
sidering the application of 0.01% atropine to children 
and comparing its efficacy with other preventive meth-
ods.  After Zhao’s review,  four RCTs [3 , 10-12] have 
been reported.  Here,  we conducted a meta-analysis 
including the latest RCTs.

Materials and Methods

Information source and search strategy. We 
searched PubMed/MEDLINE,  Web of Science,  and the 
Cochrane Central Register of Controlled Trials to yield 
relevant studies from their inception to August 1,  2021,  
using Medical Subject Headings (MeSH) and free words 
combined with myopia,  children,  and low-dose or 0.01% 
atropine.  We also screened clinicaltrials.gov and the 
reference lists of published reviews to identify additional 
relevant studies.  Only studies published in English were 
included.  

Data collection and quality assessment. We 
selected the relevant clinical trials of 0.01% atropine eye 
drops based on the following criteria: (1) Study 
design: prospective studies with randomized parallel 
controls; (2) Participants: 4- to 15-year-old chil-
dren; (3) Treatment: 0.01% atropine eye drops to both 
eyes once a day; (4) Outcomes: cumulative myopia 
progression (change in spherical equivalent refraction 
[SEQ]) measured by cycloplegic autorefraction and AL 
elongation measured by partial coherence interferome-
try from baseline.  The following information was com-
piled from all studies: authors,  publication year,  study 
design,  ages of participants,  sample size,  length of 
follow-up,  and reported outcomes at the initial and final 
follow-up visits.

Data extraction. Two reviewers (SH and TF) 
independently extracted data using pre-established 
extraction tables,  including the following: (1) Basic 
characteristics of the study,  including the name of the 
first author,  year of publication,  and follow-up period;  
and (2) basic characteristics of the children,  including 
age,  baseline SEQ,  SEQ changes,  and AL changes.

Qualitative assessment. We assessed the meth-
odological quality of each RCT for four items: random 

sequence generation; allocation concealment; mask-
ing of children,  guardians,  and clinicians; and dropout 
ratio.  We then evaluated the quality using Jadad scores.  
We used those scores because double-blinding is practi-
cal for 0.01% atropine treatment,  hence the potential 
limitations of the methodology are relatively small.  
Trials with Jadad scores below 4 were classified as 
“equivocal” [13].  

Statistical analysis. The meta-analysis was per-
formed using EZR [14] (Saitama Medical Center,  Jichi  
Medical University,  Saitama,  Japan),  a graphical user 
interface for R (The R Foundation for Statistical Computing,  
Vienna,  Austria).  More precisely,  EZR is a modified 
version of R commander designed to add statistical 
functions frequently used in biostatistics.

The statistical heterogeneity of included studies was  
assessed by the Cochrane I2 test [15].  If I2 was 50% or less,  
indicating low to moderate heterogeneity,  a fixed-effect 
model was used.  If I2 was higher than 50%,  indicating 
a high degree of heterogeneity,  a random-effects model 
was applied.  The mean differences in SEQ and AL 
between the atropine and control groups with a 95% 
confidence interval (CI) were  used to estimate treat-
ment effectiveness.  A sensitivity analysis was performed 
by excluding the studies one by one [16].  The percentile 
inhibition ratios (%) were calculated by the following 
equation:

change in the
control group － change in the

 treatment group × 100
change in the control group

One trial [3] reported 2-year changes,  whereas the 
others reported only 1-year changes.  As SEQ

changes and AL elongation were nearly constant 
throughout the follow-up period of 2 years [3],  which 
was also demonstrated in previous trials [2 , 17],  we 
considered the mean annual changes (24-month 
change × 0.5) as representative values.

Results

Search results. From 107 related studies retrieved 
in total,  we included 5 RCTs in this study.  The basic 
characteristics of the trials are shown in Table 1.  There 
were 392 children in the atropine group and 377 chil-
dren in the control group.

Risk of bias (quality) assessment. The quality of 
each of the five RCTs is shown in Table 2.  The trials by 
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Fu et al.  [10] and Zhao et al.  [12] had Jadad scores of 3 
and 1,  respectively,  and were classified as “equivocal” 
accordingly.  In the former trial,  randomization was 
conducted only when allocating the subjects between 
0.01% and 0.02% atropine groups (according to a sug-
gestion by the Institutional Review Board),  but the 
examiners were masked to the experimental group of 
each subject.  The relationship between the SEQ and AL 
changes for 12 months in the control group is shown in 
Fig. 1.  The trial by Zhao et al.  [12] employed a different 
population,  whose myopia progression was signifi-
cantly faster than in the other four trials (ANOVA,  
p < 0.001),  thus we excluded that trial from our meta- 
analyses.  The other trials,  by Yam et al.  [6],  Wei et al.  
[10],  and Hieda et al.  [3],  used a placebo-controlled and 
double-masked method and described the method of 
generating random sequences in detail.

Efficacy analysis. All four trials [3 , 6 , 10 , 11] 
reported changes in SEQ.  The heterogeneity I2 was 6% 
(p = 0.36),  and meta-analysis was performed using a 
fixed-effect model accordingly [15].  As shown in a for-
est plot (Fig. 2),  the mean difference in myopia progres-

sion between the atropine and control groups (effect 
size) was 0.20 D (95% CI: 0.13 to 0.27 D) and highly 
significant (p < 0.0001).

All trials reported changes in AL.  The heterogeneity 
I2 was 0% (p = 0.83),  and meta-analysis was performed 
using a fixed-effect model accordingly.  As a forest plot 
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Table 1　 Basic characteristics of RCTs [3 ,6 ,10-12]

No. / study / 
year Area

Age
range
(year)

Baseline
SEQ

range (D)
n Concentration

(%) Control Follow-up
(months)

Inhibition rate
for myopia

progression (%)

Inhibition rate
for axial

elongation (%)

Dropouts 
(%)

1/ Yam,  et al.
(LAMP)/
2019

China
(Hong Kong) 4-12 ≦-1.00 438

0.05
0.025
0.01

vehicle
placebo 12

67
43
27

51
29
12

13

2/ Fu,  et al./
2020 China 6-14 -1.25,

-6.00 336 0.02
0.01 SVL only 12 46

33
35
20 16

3/ Wei,  et al/
2020 China 6-12 -1.00,

-6,00 220 0.01 vehicle
placebo 12 36 22 28

4/ Hieda,  et al.
(ATOM-J)/
2021.

Japan
(multicenter) 6-12 -1.00,

-6.00 168 0.01 vehicle
placebo 24 15 18 16

5/ Zhao,  et al. /
2021 China 5-14 -1.00,

-6.00  40 0.01 SVL only 12 74 67 N.S.

SVL,  single vision lens spectacles; N.S.,  not specified.

Table 2　 Quality assessment of RCTs

Number / study Randomization Masking Allocation
concealment Dropouts Jaded

score

1/ Yam,  et al (LAMP) adequate adequate adequate adequate 5
2/ Fu,  et al inadequate inadequate inadequate adequate 3
3/ Wei,  et al adequate adequate adequate inadequate 5
4/ Hieda,  et al (ATOM-J) adequate adequate adequate adequate 5
5/ Zhao,  et al adequate inadequate inadequate N.S. 1
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Fig. 1　 Scatter plot between myopia progression rate and AL 
elongation rate in the control group [3 ,6,10-12].  Means and 
standard errors are shown.  Numbers in the plot correspond to the 
study numbers given in Tables 1 and 2.



(Fig. 3) shows,  the effect size was −0.08 mm (95% CI:  
−0.11 to −0.04 mm) and also highly significant 
(p < 0.0001).

The effect sizes above correspond to inhibition ratios 
of 28% and 19%,  respectively,  when using num-
ber-weighted mean changes in the control groups of the 
four trials [3 , 6 , 9 , 10] (−0.71 D and 0.40 mm for SEQ 
change and AL elongation,  respectively) as the denom-
inator.

Sensitivity analysis and publication bias. We 
performed a sensitivity analysis [15 , 16] for myopia 
progression and axial elongation.  When the trial by Fu 
et al.  [10],  which had a low Jadad score,  was included 
in the analysis,  the mean effect size in SEQ change was 
0.19 (95% CI: 0.11 to 0.27) D and that in AL elongation 
was −0.07 (−0.11 to −0.04) mm.  Next,  when we excluded 
ATOM-J,  the only RCT conducted on Japanese chil-
dren,  the mean effect size in SEQ change was 0.20 (0.10 
to 0.26) D and that in AL elongation was −0.08 (−0.12 
to −0.05) mm.  The mean effect sizes above were similar 
to those when all four trials were included,  demon-
strating the robustness of the overall outcome estimate.  

In addition,  the mean effect sizes calculated with 
fixed-effect and random-effects models were equal in 
both myopia progression and axial elongation,  reveal-
ing that the difference in the estimates among the trials 
included in the meta-analysis was small.

Funnel plots for myopia progression and axial elon-
gation for 12 months are shown in Fig. 4.  The plots 
were scattered symmetrically around the vertical axis of 
the mean difference,  with no clear publication bias [16].  
However,  the number of trials included was insufficient 
to confirm this by statistical testing.  

Discussion

Our meta-analysis based on RCTs confirmed that 
0.01% atropine administration is effective at slowing 
myopia progression and axial elongation in Asian chil-
dren with low to moderate myopia.  The overall 
12-month effect sizes we estimated for SEQ and AL 
myopia were 0.20 D and −0.08 mm,  respectively.  These 
effect sizes correspond to inhibition ratios of 28% and 
19%,  respectively.  At present,  a limited number of 
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Fig. 2　 Forest plot for the 12-month effect size in SEQ change (myopia progression).  On this scale,  positive values indicate preventive 
effects against myopia progression.  Error bars and numbers in square brackets show the 95% confidence interval.  SD,  standard 
deviation; MD,  mean difference.
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Fig. 3　 Forest plot for the 12-month effect size in AL elongation.  On this scale,  negative values indicate preventive effects against axial 
elongation.



RCTs are available for meta-analysis.  However,  all of 
the RCTs we included in the analysis were reported 
within the last 3 years and,  compared with the previous 
reviews [5 , 17-21],  were well-designed trials of 0.01% 
atropine treatment.  The sensitivity analysis [16] and 
funnel plots demonstrated that both the overall effect 
sizes in SEQ and AL are robust,  with no clear publica-
tion bias.  We thus consider these effect sizes to be the 
best estimates at present and to serve as a useful refer-
ence when considering the application of this treatment 
in clinics.

It should be noted that the low-concentration atro-
pine for myopia progression (LAMP) study suggested 
that younger age is associated with poor treatment 
response to 0.01% atropine [22],  although the ATOM-J 
study found no significant difference in the effect sizes 
between younger and older age groups (cutoff level:  
9 years old) [3].  The age range at baseline (shown in 
Table 1) and mean myopia-progression and axial-elon-
gation rates in the control group (shown in Fig. 1) were 
all similar among the RCTs incorporated in our 
meta-analysis.  These similarities in study population 
likely contributed to the consistency of the estimates 
across the trials,  which was also demonstrated by the 
low overall heterogeneity (I2: 6% or less).

From a clinical point of view,  the U.S.  Food and 
Drug Administration (FDA) and the International 
Myopia Institute (IMI) consider inhibition ratios of 
30% [23] and 40% [24] in myopia progression,  respec-
tively,  to be the minimum requirement for clinical pre-

ventive treatment of myopia progression.  The inhibi-
tion ratio found in our meta-analysis (28%) did not 
reach this requirement.  According to large-scale epide-
miological studies,  the risks of myopic macular degen-
eration and retinal detachment,  which were  recog-
nized only as complications of high-grade myopia,  
increase in parallel with the degree of myopia also in 
mild to moderate myopia [25].  Bullimore et al.  pre-
dicted that,  regardless of the degree of myopia,  the risk 
of myopic macular degeneration will be reduced by 
40% if myopia progression can be reduced by 1 D [26].  
To receive this level of benefit from this treatment,  the 
preventive effects must continue for at least 5 years.  
Therefore,  we may consider using it at higher concen-
trations,  as suggested by the LAMP study [6 , 27] and 
the trial by Fu et al.  [10],  or in combination with an 
optical-based preventive treatment.

Another novel technology to slow myopia progres-
sion is defocus-incorporated soft contact lenses 
(MiSight®,  CooperVision),  which is the first and cur-
rently only FDA-approved treatment.  The design of the 
concentric rings bifocal lens  produces a myopic defocus 
of 2.5 D at all distances,  which aims  to employ the 
emmetropization mechanism to prevent excessive axial 
elongation.  Four well-designed RCTs were conducted 
in Hong Kong,  Spain,  Europe,  and the United States 
[28-31].  The 12-month effect sizes for myopia progres-
sion and axial elongation in those studies ranged from 
0.10 to 0.24 D and from −0.11 to −0.06 mm,  respec-
tively.  The effect size that we estimated from the 0.01% 
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outcomes.



atropine trials (0.20 D and −0.08 mm) was within these 
ranges.  However,  it may not be reasonable to directly 
compare the effect sizes between the two treatments 
because the myopia progression in the control group of 
the MiSight® trials (0.36-0.41 D/year) was almost half  of 
that of the 0.01% atropine trials.  The RCTs incorpo-
rated in our meta-analysis involved only Asians,  and 
racial and regional differences in myopia progression 
may make the comparison difficult,  although percentile 
inhibition ratios may help.  Nine ongoing RCTs of low-
dose atropine eye drops in different countries are now 
registered in the ClinicalTrials.gov database.  It is possi-
ble that we will come to a different conclusion on effect 
sizes once their results are reported,  especially those 
regarding Caucasian children.

In conclusion,  this meta-analysis based on the latest 
RCTs confirmed that 0.01% atropine treatment signifi-
cantly inhibits myopia progression and axial elongation.  
However,  the inhibition ratio for myopia progression 
when this treatment is provided solely to Asian children 
with low to moderate myopia was roughly half of that 
originally reported in the ATOM studies [1 , 2] and does 
not reach the minimum requirement for clinical treat-
ment indicated by the FDA [23] or IMI [24].

Acknowledgments.　We thank Osamu Hieda for providing the SD 
values of autorefraction and axial length measurements at the 24-month 
visit in their RCT [3].  English proofreading was performed by Medical 
English Service.

References

 1. Chua WH,  Balakrishnan V,  Chan YH,  Tong L,  Ling Y,  Quah BL 
and Tan D: Atropine for the treatment of childhood myopia.  
Ophthalmology (2006) 113: 2285–2291.

 2. Chia A,  Chua WH,  Cheung YB,  Wong WL,  Lingham A,  Fong A 
and Tan D: Atropine for the treatment of childhood myopia: safety 
and efficacy of 0.5%, 0.1%,  and 0.01% doses (Atropine for the 
Treatment of Myopia 2).  Ophthalmology (2012) 119: 347-354.  

 3. Hieda O,  Hiraoka T,  Fujikado T,  Ishiko S,  Hasebe S,  Torii H,  
Takahashi H,  Nakamura Y,  Sotozono C,  Oshika T,  Morimoto T,   
Nishida K,  Nishikawa N,  Song YS,  Tokutake T,  Nishi Y,  Shigeno Y,   
Kurihara T,  Negishi K,  Tsubota K,  Ono M,  Nakai T,  Tan D,  
Tanaka S and Kinoshita S; ATOM-J.  Study Group: Efficacy and 
safety of 0.01% atropine for prevention of childhood myopia in a 
2-year randomized placebo-controlled study.  Jpn J Ophthalmol (2021)  
65: 315-325.

 4. Clark TY and Clark RA: Atropine 0.01% eyedrops significantly 
reduce the progression of childhood myopia.  J Ocul Pharmacol 
Ther (2015) 31: 541-545.

 5. Zhao Y,  Feng K,  Liu RB,  Pan JH,  Zhang LL,  Xu ZP and Lu XJ:  
Atropine 0.01% eye drops slow myopia progression: a systematic 
review and Meta-analysis.  Int J Ophthalmol (2019) 12: 1337-1343.

 6. Yam JC,  Jiang Y,  Tang SM,  Law AKP,  Chan JJ,  Wong E,  Ko ST,   
Young AL,  Tham CC,  Chen LJ and Pang CP: Low-Concentration 
Atropine for Myopia Progression (LAMP) study: A randomized,  
double-blinded,  placebo-controlled trial of 0.05%,  0.025%,  and 0.01% 
atropine eye drops in myopia control.  Ophthalmology (2019) 126:  
113-124.

 7. Dolgin E: The myopia boom.  Nature (2015) 519 (7543): 276-278.
 8. Fang YT,  Chou YJ,  Pu C,  Lin PJ,  Liu TL,  Huang N and Chou P:  

Prescription of atropine eye drops among children diagnosed with 
myopia in Taiwan from 2000 to 2007: a nationwide study.  Eye 
(2013) 27: 418–424.

 9. Khanal S and Phillips JR: Which low-dose atropine for myopia 
control ? Clin Exp Optom (2020) 103: 230-232.  

10. Fu A,  Stapleton F,  Wei L,  Wang W,  Zhao B,  Watt K,  Ji N and 
Lyu Y: Effect of low-dose atropine on myopia progression,  pupil 
diameter and accommodative amplitude: low-dose atropine and 
myopia progression.  Br J Ophthalmol (2020) 104: 1535-1541.

11. Wei S,  Li SM,  An W,  Du J,  Liang X,  Sun Y,  Zhang D,  Tian J 
and Wang N: Safety and efficacy of low-dose atropine eyedrops 
for the treatment of myopia progression in Chinese children: A ran-
domized clinical trial.  JAMA Ophthalmol (2020) 138: 1178-1184.

12. Zhao Q and Hao Q: Clinical efficacy of 0.01% atropine in retarding 
the progression of myopia in children.  Int Ophthalmol (2021) 41:  
1011-1017.

13. Berger VW and Alperson SY: A general framework for the evalua-
tion of clinical trial quality.  Rev Recent Clin Trials (2009) 4: 79-
88.

14. Kanda Y: Investigation of the freely-available easy-to-use software 
“EZR” (Easy R) for medical statistics.  Bone Marrow Transplant 
(2013) 48,  452-458.

15. Higgins JPT,  Thompson SG,  Deeks JJ and Altman DG: Measuring 
inconsistency in meta-analyses.  BMJ (2003) 327: 557-560.

16. Bown MJ and Sutton AJ: Quality control in systematic reviews and 
meta-analyses.  Eur J Vasc Endovasc Surg (2010) 40: 669-677.

17. Walline JJ,  Lindsley K,  Vedula SS,  Cotter SA,  Mutti DO and 
Twelker JD: Interventions to slow progression of myopia in chil-
dren.  Cochrane Database Syst Rev (2020) 2020 (1): CD004916.

18. Huang J,  Wen D,  Wang Q,  McAlinden C,  Flitcroft I,  Chen H,  
Saw MS,  Chen H,  Bao F,  Zhao Y,  Hu L,  Li X,  Gao R,  Liu W,  
Du Y,  Jinag Z,  Yu A,  Lian H,  Jiang Q,  Yu Y and Qu J: Efficacy 
comparison of 16 interventions for myopia control in children: A 
network meta-analysis.  Ophthalmology (2016) 123: 697-708.

19. Gong Q,  Janowski M,  Luo M,  Wei H,  Chen B,  Yang G and Liu L:  
Efficacy and adverse effects of atropine in childhood myopia.  A 
meta-analysis.  JAMA Ophthalmol (2017) 135: 624-630.

20. Li,  FF and Yam JC: Low-Concentration atropine eye drops for 
myopia progression.  Asia Pac J Ophthalmol (Phila) (2019) 8: 360-
365.

21. Prousali E,  Haidich AB,  Fontalis A,  Ziakas N,  Brazitikos P and 
Mataftsi A: Efficacy and safety of interventions to control myopia 
progression in children: an overview of systematic reviews and 
meta-analyses.  BMC Ophthalmol (2019) 19: 106.

22. Li FF,  Zhang Y,  Zhang X,  Yip BHK,  Tang SM,  Kam KW,  Young AL,   
Chen LJ,  Tham CC,  Pang CP and Yam JC: Age effect on treat-
ment responses to 0.05%, 0.025%, and 0.01% atropine: Low-con-
centration atropine for myopia progression study.  Ophthalmology 
(2021) 128: 1180-1187.

23. Walline JJ,  Robboy MW,  Hilmantel G,  Tarver ME,  Afshari NA,  
Dhaliwal DK,  Morse CL,  Quinn CJ,  Repka MX and Eydelman MB:  
Controlling the progression of myopia: contact lenses and future 
medical devices.  Eye Contact Lens (2018) 44: 205-211.

462 Sun et al. Acta Med.  Okayama　Vol.  76,  No.  4



24. Wolffsohn JS,  Kollbaum PS,  Berntsen DA,  Atchison DA,  
Benavente A,  Bradley A,  Buckhurst H,  Collins M,  Fujikado T,  
Hiraoka T,  Hirota M,  Jones D,  Logan NS,  Lundström L,  Torii H,  
Read SA and Naidoo K: IMI: clinical myopia control trials and 
instrumentation report.  Invest Ophthalmol Vis Sci (2019) 60:  
M132-M160.

25. Flitcroft DI: The complex interactions of retinal,  optical and envi-
ronmental factors in myopia aetiology.  Prog Retin Eye Res (2012) 
31: 622-660.

26. Bullimore MA and Brennan NA: Myopia control: Why each diopter 
matters.  Optometry and Vision Science (2019) 96: 463-465.

27. Yam JC,  Li FF,  Zhang X,  Tang SM,  Yip BHK,  Kam KW,  Ko ST,  
Young AL,  Tham CC,  Chen LJ and Pang CP: Two-year clinical 
trial of the Low-concentration Atropine for Myopia Progression 
(LAMP) study: Phase 2 report.  Ophthalmology (2020) 127: 910-
919.

28. Lam CS,  Tang WC,  Tse DY,  Tang YY and To CH: Defocus 

Incorporated Soft Contact (DISC) lens slows myopia progression in 
Hong Kong Chinese schoolchildren: a 2-year randomised clinical 
trial.  Br J Ophthalmol (2014) 98: 40-45.

29. Ruiz-Pomeda A,  Pérez-Sánchez B,  Valls I,  Prieto-Garrido FL,  
Gutiérrez-Ortega R and Villa-Collar C: MiSight Assessment Study 
Spain (MASS).  A 2-year randomized clinical trial.  Graefes Arch 
Clin Exp Ophthalmol (2018) 256: 1011-1021.

30. Chamberlain P,  Peixoto-de-Matos SC,  Logan NS,  Ngo C,  Jones D  
and Young G: A 3-year randomized clinical trial of MiSight lenses 
for myopia control.  Optom Vis Sci (2019) 96: 556-567.

31. Walline JJ,  Walker MK,  Mutti DO,  Jones-Jordan LA,  Sinnott LT,  
Giannoni AG,  Bickle KM,  Schulle KL,  Nixon A,  Pierce GE and 
Berntsen DA; BLINK Study Group: Effect of high add power,  
medium add power,  or single-vision contact lenses on myopia pro-
gression in children: The BLINK randomized clinical trial.  JAMA 
(2020) 324: 571-580.

August 2022 Meta-analysis of 0.01% Atropine Trials 463


