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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) 

Audrey Chia, FRANZCO," Wei-Han Clew, FRCSEd(Ophth), FAMS,1.2 Yin-Bun Cheung, PhD,3'4
Wan-Ling Wong, Mbiostat,2 Anushia Lingham, SRN,' Allan Fong, FRCSEd(Ophrh),1•z
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Purpose: Our previous study, Atropine for the Treatment of Myopia 1 (ATOM1), showed that atropine 1% 
eyedrops were effective in controlling myopic progression but with visual side effects resulting from cycloplegia 
and mydriasis. The aim of this study was to compare efficacy and visual side effects of 3 lower doses of atropine: 
0.5%, 0.1%, and 0.01%. 

Design: Single-center, double-masked, randomized study. 
Participants: A total of 400 children aged 6-12 years with myopia of at least -2.0 diopters (D) and 

astigmatism of —1.50 D or less. 
Intervention: Children were randomly assigned in a 2:2:1 ratio to 0.5%, 0.1%, and 0.01% atropine to be 

administered once nightly to both eyes for 2 years. Cycloplegic refraction, axial length, accommodation 
amplitude, pupil diameter, and visual acuity were noted at baseline, 2 weeks, and then every 4 months for 2 
years. 

Main Outcome Measures: Myopia progression at 2 years. Changes were noted and differences between 
groups were compared using the Huber—White robust standard error to allow for data clustering of 2 eyes per 
person. 

Results: The mean myopia progression at 2 years was -0.30±0.60, -0.38-1-0.60, and —0.49±0.63 D in the 
atropine 0.5%, 0.1%, and 0.01% groups, respectively (P=0.02 between the 0.01% and 0.5% groups; between 
other concentrations P > 0.05). In comparison, myopia progression In ATOM1 was —1.20±0.69 D in the placebo 
group and —0.28-1-0.92 D in the atropine 1% group. The mean Increase in axial length was 0.27±0.25, 
0.28-1-0.28, and 0.41±0.32 mm in the 0.5%, 0.1%, and 0.01% groups, respectively (P < 0.01 between the 0.01% 
and 0.1% groups and between the 0.01% and 0.5% groups). However, differences in myopia progression (0.19 
D) and axial length change (0.14 mm) between groups were small and clinically insignificant. Atropine 0.01% had 
a negligible effect on accommodation and pupil size, and no effect on near visual acuity. Allergic conjunctivitis 
and dermatitis were the most common adverse effect noted, with 16 cases in the 0.1% and 0.5% atropine 
groups, and no cases in the 0.01% group. 

Conclusions: Atropine 0.01% has minimal side effects compared with atropine at 0.1% and 0.5%, and 
retains comparable efficacy in controlling myopia progression. 

Financial Disclosure(s): The author(s) have no proprietary or commercial Interest in any materials discussed 
in this article. Ophthalmology 2012;119:347-354 © 2012 by the American Academy of Ophthalmology. 

Atropine eyedrops were first proposed as a treatment of 
myopia in the 1920s.I Since then, there have been numerous 
studies on this subject.2' 12 However, evidence from ran-
domized control trials has become available only over the 
last 2 decades.13-Is These trials confirm that atropine eye-
drops are effective in the control of myopia in a dose-related 
manner.13-18 Our previous randomized trial, Atropine for 
the Treatment of Myopia 1 (ATOM]), involving 400 chil-
dren aged 6 to 12 years found that, over 2 years, atropine 
1% slowed myopia progression (mean ± standard devia-
tion) to —0.28-10.92 dioptere(D) in children, compared with 
—1.2010.69 D in the placebo group (P < 0.001).16 Shih et 

0 2012 by ibe American Academy of Ophthalmology 
published by Elscyler Inc. 

a114 showed that the myopic progression in Taiwanese children 
was 0.0410.63, -0.47±0.91, and --• 0.4710.91 D/year in 
the 0.5%, 0.25%, and 0.1% atropine groups, respectively, 
compared with —1.0610.61 D/year in their tropicamide (con-
trol) group. Liang et al,17 in a smaller study of 65 children, 
demonstrated myopic progression of -0.1510.15, —0.38-± 
0.32, and —0.211-0.23 D/year in the 0.5%, 0.25%, and 0.25% 
atropine plus auricular pressure groups, respectively. 

In the second study, Atropine for the Treatment of My-
opia 2 (ATOM2), we examined the effect of lower doses of 
atropine to determine whether these concentrations could 
result in efficacy in preventing myopia progression, with 
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Purpose: Our previous study, Atropine for the Treatment of Myopia 1 (ATOM1), showed that atropine 1 % 
eyedrops were effective in controlling myopic progression but with visual side effects resulting from cycloplegia 
and mydriasis. The aim of this study was to compare effteacy and visual side effects of 3 lower doses of atropine: 
0.5%, 0.1%, and 0.01%. 

Design: Single-center, double-masked, randomized study. 
Participants: A total of 400 children aged 6-12 years with myopia of at least -2.0 diopters (D) and 

astigmatism of -1 .50 D or less. 
Intervention: Children were randomly assigned in a 2:2:1 ratio to 0.5%, 0.1 %, and 0.01 % atropine to be 

administered once nightly to both eyes for 2 years. Cyclopleglc refraction, axial length, accommodation 
amplitude, pupil diameter, and visual acuity were noted at baseline, 2 weeks, and then every 4 months for 2 
years. 

Main Outcome Measures: Myopia progression at 2 years. Changes were noted and differences between 
groups were compared using the Huber-White robust standard error to allow for data clustering of 2 eyes per 
person. 

Results: The mean myopia progression at 2 years was -0.30±0.60, -0.38±0.60, and -0.49±0.63 D in the 
atropine 0.5%, 0.1 %, and 0.01 % groups, respectively (P=0.02 between the 0.01 % and 0.5% groups; between 
other concentrations P > 0.05). In comparison, myopia progression in ATOM1 was -1 .20±0.69 D in the placebo 
group and -0.28±0.92 D in the atropine 1% group. The mean Increase in axial length was 0.27±0.25, 
0.28±0.28, and 0.41 ±0.32 mm inthe0.5%, 0.1%, and 0.01% groups, respectively (P < 0.01 between the0.01% 
and 0.1 % groups and between the O.Q1 % and 0.5% groups). However, differences In myopia progression (0.19 
D) and axial length change (0.14 mm) between groups were small and clinically insignificant. Atropine 0.01 % had 
a negligible effect on accommodation and pupil size, and no effect on near visual acuity. Allergic conjunctivitis 
and dermatitis were the most common adverse effect noted, with 16 cases In the 0.1 % and 0.5% atropine 
groups, and no cases in the 0.01 % group. 

Conclusions: Atropine 0.01 % has minimal side effects compared with atropine at 0.1 % and 0.5%, and 
retains comparable efficacy in controlling myopia progression. 

Financial Dlsclosure(s): The author(s) have no proprietary or commercial Interest In any materials discussed 
in this article. Ophthalmology 2012;119:347-354 © 2012 by the American Academy of Ophthalmology. 

Atropine eyedrops were first proposed as a treatment of 
myopia in the 1920s.1 Since then, there have been numerous 
studies on this subject.2- 12 However, evidence from ran­
domized control trials has become available only over the 
last 2 decades. 13- 18 These trials confirm that atropine eye­
drops are effective in the control of myopia in a dose-related 
manner. 13- 16 Our previous J"dndomized trial, Atropine for 
the Treatment of Myopia I (ATOM!), involving 400 chil­
dren aged 6 to 12 years found that, over 2 years, atropine 
l % slowed myopia progression (mean :!: standard devia­
tion) .to ··0.2S±0.92 dioprers~D) in children, compared with 
-1.20±0.69 D in the placebo group (P < 0.001):6 Shih et 
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al14 showed that the myopic progression in Taiwanese children 
was - 0.04±0.63, -0.47:!:'0.91, and ·-•0.47:!:0.91 D/year in 
the 0.5%, 0.25%, and 0.1 % atropine groups, respectively, 
compazcd with ·-1.06:!:0.61 D/year in their tropicamide (con­
trol) group. Liang et al, 17 in a smaller study of 65 children, 
demonstrated myopic progression of -0.15 ±.0.15, --0.38± 
0.32, and -021 ±0.23 D/year in the 0.5%, 0.25%, and 0.2'i% 
atropine plus auricular pressure groups, respectively. 

In the second study, Atropine for the Treatment of My­
opia 2 (ATOM2), we examined the effect of lower doses of 
atropine to determine whether these concentrations could 
result in efficacy in preventing myopia progression, with 
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less visual side effects (i.e., pupil dilation, loss of accom-
modation, and near vision blur). The ATOM2 study com-
prises 2 phases: a treatment phase lasting 24 months, fol-
lowed by a washout period of 12 months, and then a second 
phase in which children showing myopic progression wilt 
recommence taking atropine at a dosage found optimal in 
the first phase. This article presents results in the first 24 
months (first phase) of the ATOM2 study. 

Materials and Methods 

Children aged 6 to 12 years with myopic refraction of at least 2.0 
D in both eyes, astigmatism of less than 1.5 f), and documented 
myopic progression of at least 0.5 Din the past year were enrolled 
in a double-masked, single-center clinical trial. Excluded were 
those with ocular pathology (e.g., amblyopia, strabismus), previ-
ous use of atropine or pirenzepine, an allergy to atropine, or 
systemic ill health (e,g., cardiac or respiratory illness). Written 
informed consent was obtained from parents or guardians, and 
verbal assent was obtained from children. The study was con 
ducted according to the tenets of the Declaration of Helsinki, with 
ethics approval from the Singapore Eye Research Institute Review 
Board. This study was registered with the ClinicalTrial.gov web-
site (registration no: NCT00371124). 

Participants were randomized to receive 0.5%, 0.1%, or 0.01% 
atropine once nightly in both eyes at an allocation ratio of 2:2:1 in 
6 strata defined by gender and age groups of 6 to 7, 8 to 10, and 
II to 12 years, respectively, to ensure gender and age balance 
across the 3 treatment arms. Trial medications were prepackaged 
so that bottles were prelabeled with subject number and of similar 
appearance. Trial medication consisted of the appropriate dose of 
atropine sulfate with 0.02% of 50% benzalkonium chloride as a 
preservative (Ashwood Laboratories Ltd., Macau, China). 

After assessment at the time of recruitment (baseline), children 
were reassessed 2 weeks after starting atropine (baseline 2) and 
then at 4, 8, 12, 16, 20, and 24 months. At each visit, distance 
best-corrected visual acuity (BCVA) logarithm of the minimum 
angle of resolution (logMAR) was assessed by an optometrist 
using the Early Treatment Diabetic Rchnopathy study chart. Near 
visual acuity was assessed using best-corrected distance spectacle 
correction with a reduced logMAR reading chart placed at 40 cm 
under well-lit conditions. The near point of accommodation was 
measured using a Royal Air Force near point rule using best-
corrected distance spectacle correction. Children were instructed to 
move the target inward until the NS print became slightly blurred 
and then outward until it just became clear. Accommodation 
amplitude was calculated as the inverse of near point of accom-
modation. Mesopic pupil size was measured with the Procyon 
3000 pupillometer (Lion House, Red Lion Street, London, UK), 
using the Meso-Hi (4 lux) setting. Photopic pupil size was mea-
sured using the Neuroptics pupillometer (Neuroptics Inc., Irvine, 
CA), while children were viewing a target placed at 3 m, after at 
least 10 seconds of exposure to lamps providing 300 lux of lumi-
nance. In both cases, at least 5 pupil size readings (with range <03 
mm) were recorded and averaged. 

Cycloplegic autorefraction was determined 30 minutes after 3 
drops of cyclopentolate I % (Cyclogyl, Alcon-Convreur, Rijksweg, 
Belgian') were administered at 5 minutes apart using a Canon 
RK-Fl autorefractor (Canon Inc. Ltd., Tochigiken, Japan). Five 
readings, all of which had to be less than 0.25 D apart, were 
obtained and averaged. Spherical equivalent was calculated as 
sphere plus half cylinder power+ The Zeiss IOLIVIaster (Carl Zeiss 
Meditec Inc., Dublin. CA), a non-contact partial coherence inter-
ferometry, was used to measure the ocular axial length. Five 
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readings. with a maximum minimum deviation of 0.05 mm or less, 
were taken and averaged. 

Parents or guardians, children, and study investigators were 
kept masked to the assigned dosage of trial medications. Each 
child kept a diary of use of the trial medication. Compliance level 
of each subject was classified according to the mean number of 
frequency of using atropine per week as reported by participants 
over the first 24 months. Subjects with 75% compliance rate 
(≥5.25 days/week) were considered compliant. 

Children were also offered photochromatic glasses (which 
darken on exposure to ultraviolet or sunlight) if they experienced 
glare or their parents were worried of excessive light exposure, or 
progressive glasses (reading add) if children experienced difficulty 
with near vision. 

The primary end point was myopia progression over 2 years. 
Because a hyperopic shift may occur after commencing atropine, 
myopic progression was calculated from the second baseline, when 
children had been taking trial medication for 2 weeks. Level of 
myopia progression in each eye was further categorized as mild 
(<05 13), moderate (0.5-0.99 I)), or severe (≥l.0 

Secondary end points included myopia progression at 1 year, 
change in axial length at I and 2 years, and side effect parameters, 
such as changes in accommodation amplitude, mesopic and pho-
topic pupil size, and distance and near BCVA. Myopia and axial 
changes were noted from second baseline, whereas accommoda-
tion, pupil size, and visual acuity were monitored from the first 
baseline. 

During each visit, children and parents were given an open-
ended opportunity to report any medical illness or side effects. 
They were also specifically asked about symptoms related to 
allergy, blurred near vision, glare, or visual loss, and if children 
had been ill or hospitalized since the last visit. Any adverse events, 
regardless of whether they appeared relevant to atropine use, were 
documented. 

Statistic Analysis 

On the basis of findings from the various studies, it was estimated 
that the myopia progression rate for 0.5%, 0.1%, and 0.01% 
atropine would be 0.04, -0.47, and —0.76 D, respectively."'" 
To achieve 90% power using a 2:2:1 randomization for 0.5%: 
0.1%:0.01%, a sample size of 325 subjects (130:130:65) is needed. 
By factoring in an attrition rate of 20%, a sample size of 400 
subjects (i.e., 160:160:80) is needed. 

All analyses were based on intention-to-treat principle and 
performed with State statistical software (version 10.1, StataCorp., 
College Station, TX). For demographic and other persomievel 
data, such as compliance and ever experiencing adverse events, the 
Fisher exact test was used to test for the difference in the propor-
tion of subjects between treatment groups, and analysis of variance 
was used for the difference in means between treatment groups. 
End points from both eyes were pooled in a combined analysis 
using the Huber—White robust standard errors to allow for the 
correlation between eyes within person.° The results on left and 
right eyes were similar. For example, the mean difference (95% 
confidence interval [CI)) in 2-year myopia progression between 
left and right eyes was —0.01 (-0.06 to 0.03). For brevity and 
better precision, this report shows analyses pooling both eyes with 
robust standard errors for clustered data. The global null hypoth-
esis of no difference among 3 treatment groups was tested first, 
followed by pairwise comparisons. A nominal level of statistical 
significance (P value) was reported, i.e., no adjustment for multi-
ple comparison. Interpretation will begin with considering the 
global null hypothesis among 3 groups to prevent inflated type I 
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lowed by a washout period of 12 months, and then a .'leeond 
phase in which children showing myopic progression will 
recommence taking atropine at a dosage found optimal in 
the first phase. This artic.:le presents results in the first 24 
months (first phase) of the ATOM2 study. 

Materials and Methods 
Children aged 6 to 12 years with myopic refraction of at least 2.0 
D in both eyes, astigmatism of less than 1.5 D, and documented 
mynpic progression of at lellSt 0.5 D in the post year were enrolled 
in o double-mnslced, ~ingle-center clinical trial. Excluded were 
those with ocular pathology (e.g., amblyopin, strnbismus), previ­
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verbal assent was obtained from children. The study was con 
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site (registnition no: NCT00371124). 

P11nicipants were randomized to receive 0.5%, D. I%, or 0.01 % 
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across the 3 treatment arms. Trial medications were prepackaged 
so that bottles were prelabeled with subject number and of similar 
appearance. Trial medication consisted of the appropriate dose of 
atropine sulfate with 0.02% of SO% ben:talkonium chloride as a 
preservative (Ashwood Laboratories Ltd., Macau, China). 

After ussessment 111 the time of recruitment (baseline), children 
were reassessed 2 weeks uftcr starting atropine (baseline 2) and 
then al 4, 8, 12, 16, 20, and 24 months. At =h visit, distance 
best-corrected visual acuity (BCVA) logarithm of the minimum 
angle of resolution (logMAR) was assessed by nn optometrist 
using the Early Treatment Diabetic Rctinopathy study chart. Near 
visual acuity was assessed using best-corrected distance spectacle 
correction with a red11ced logMAR reading chan placed at 40 cm 
under well-lit conditions. The near point of accummodation was 
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corrected distance spectacle co=ction. Children were instrocted 10 
move the target inward until the NS print became slightly blurred 
and then outward until it just became clear. Accommodation 
amplitude was calcul11ted as the inverse of near point of accom• 
rnodation. Mesopic pupil size was measured with the Pt<>Cyon 
3000 pupillomcter (Lion House, Red Lion Street, London, UK), 
using the Mcso-Hi (4 lux) setting. Pbutopic pupil size was mea­
sured using the Ne11roptics pupillometer (Neuroptics Inc., Irvine, 
CA), while children were viewing 11 target pfaccd at 3 m, after at 
least JO M:C<•mls of exposure 10 lamps providing 300 lux of lumi­
nance. 1n both cases, :it least 5 pupil size readings (with range <0.5 
mm) were tecorded and averaged. 

Cycloplegic autorefroction was determined 30 minutes after 3 
drops of cyclopentolate I% (Cyclogyl, Alcon-Convreur, Rijksweg, 
Belgium) were administered al S minutes apart using a Canon 
RK-Fl autorefraclor (Cunon Inc. Ltd., Tochigiken, Japan). Five 
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readings, with a maximum-minimum deviQtion of 0.05 mm or less, 
were taken nnd averaged. 

Parents or guardians, children, and study inve.~tigators were 
kept masked to the assigned dosage of trial medications. Each 
child kept a diary of use of the trial medication. Compliance level 
of each subject was classified according tu lhe mean number of 
frequency of u~ing atropine per week as reported by participanL~ 
over the first 24 months. Subjects with 75% compliance 10.te 

(2:S.2S days/week) were considered compliant. 
Children were also offered photochromatic glasses (whi<:h 

darken on exposure to ultraviolet or sunlight) if they experienced 
glare or their paren1s were worried of eJ1c:essive light exposure, or 
progressive glasses (reading add) if children experienced difficulty 
with near vision. 

The primary end point was myopia progression over 2 ye.an. 
Because II hyperopic shift may occur after commencing atropine, 
myopic: progression was calculated from the second baseline, when 
children had been taking trial medication for 2 weeks. Level of 
myopia progression in each eye Wllll further Cllfegorized as mild 
(<0.5 D), moderate (0.S--D.99 D), or severe (-1:I.O D). 

Secondary end points included myopia progression at 1 year, 
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such as c:hanges in accommodation amplitude, mesopic and pho­
topic pupil size, and distance and near BCV A. Myopia and a,,.ial 
changes wi:re n11ted from second buseline, whereas accommoda­
!iun, pupil si7.e. and visual acuity were monitored from the first 
baseline. 

During each visit, children and parents were given an open• 
ended opportnnity to report any medicnl illness or side effects. 
They were also specifically asked about symptoms related to 
allergy, blurred near vision, glare, or visual loss, and if children 
had been ill or hospitalized since the last visit. Any advCtle events, 
regardless of whether they appeared relevant to atropine use, were 
documented. 

Statistic Analysis 

On the bllliis of findings from the various studies, it was estimated 
that the myopia progression rate for 0.5%, 0.1 %, and 0.01% 
atropine would be -0.04, -0.47, and -0.76 D, respectively,13• 1H 

To achieve 90% power using a 2:2: I randomization for O.S%: 
0.1 %:0.01 %, a sample sir.e of 325 subject.~ ( 130: 130:65) is needed. 
By factoring in an attrition rate of 2()'il,, 11 sample sii.c of 400 
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performed with Stata statistical software (version 10.1, St1taCorp., 
College Station, TIC). For demographic and otlter person-level 
data, such as compliance and ever eitperiencing adverse events, the 
Fisher exact test was used to test for the difference in the propor­
tion of subjects between treatment groups. and analysis of variance 
was used for the difference in means between treatment groups. 
End points from both eyes were pooled in a combined analysis 
using the Huber-White robust standard errors 10 allow for the 
correlution between eye.~ within person. 19 The results on left and 
right eyes were similar. For uample, the mean difference (9S% 
con6denl-c interval [Cl)) in 2-year myopia progression between 
left and right eyes wa.~ -0.01 (-0.06 to 0.03). For brevity and 
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followed by pairwise comparisons. A nominal level of statistical 
siiµ,ificance (P value) wa., reported, i.e., no adjustment for multi­
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Figure 1. ATOM2 subject flow chart. ATOM = Atropine for the Treatment of Myopia. 

error rate. Placebo and atropine-treated eyes in ATOM I were used 
for reference in the secondary analyses. 

Results 

A total of 400 children were recruited into the study, with 161, 
155, and 84 children in the 0.5%, 0.1%, and 0.01% atropine 
treatment arms, respectively (Fig 1). There were almost equal 
numbers of male and female children, and 91% of children were of 
ethnic Chinese origin (Table 1). No differences were noted in 
demographics, baseline refractive error, accommodation, pupil 
diameter, or BCVA among groups (Table 1). The correlation 
between change in spherical equivalent and axial length over 2 
years was high (correlation coefficient = 0.82, P < 0.001), sug-
gesting good measurement validity. 

Two-year primary end point data were available for 355 of 400 
subjects (88.8%). Forty-four subjects withdrew participation on 
their own accord: 9 (10.7%), 14 (9.0%), and 21 (13.0%) from the 
0.01%, 0.1%, and 0.5% treatment groups, respectively (P=0.43); 
1 participant did not attend the second year assessment. Compli-
ance, defined as >75% expected use, was 98.7%, 96.8%, and 
98.8% in the 0.5%, 0.1%, and 0.01% arms, respectively (P=0.53), 
in the 2-year period. 

Change in Myopic Progression and Axial 
Length 

A dose-related response on myopia was noted among the 3 treat-
ment arms, but differences between treatment arms were clinically 
small (Fig 2). An initial hyperopia shift of 0.3 to 0.4 1) was noted 
in the 0.1% and 0.5% groups but not in the 0.01% group (Table I). 
At the end of 1 year, there was a significant difference in myopia 
progression between the 0.5% atropine group and the 0.01% 
(P < 0.001) and 0.1% (P=0.01) groups, but there was no statis-
tical significant difference between the 0.01% and 0.1% groups. 
The final myopia progression over 2 years was —0.49±0.60, 
—0.381,0.60, and —0.30±0.63 Din the atropine 0.01%, 0.1%, and 
0.5% groups, respectively (P=0.07), with a significant difference 
only between the 0.01% and 0.5% groups (Table 2). There was no 
significant difference in spherical equivalent levels between groups 
(P=020). Fifty percent of the 0.01% group had progressed by less 
than 0.5 I), compared with 58% and 63% in the 0.1% and 0.5% 
groups, respectively, with approximately 18% progressing by zl.0 D 
in all 3 groups (Fig 3). 

With regard to axial length, change at 1 year was larger in the 
0.01% group (0.24±0.19 mm) than in the 0.1% (0.13±0.18 mm) 
and 0.5% (0.11±0.17 mm) groups (P < 0.001) (Fig 4). Pairwise 
comparison showed a statistically significant difference between 
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Chia et a1 • Atropine Treatment of Childhood Myopia 

Assessed for eligibility 
(n=-471) I 

Excluded (n=71) 

Not meering inclusion criteria (na61) doe 10: 

• Astigmatism >-I.SOD (n=24) 
• Cha11J• in spherical equivalent> -0.500 

over last 12 months (n•JS) 
. Spherical equivalent < •2.00D (n-10) 
- Other, (n= 12) 

Not meeting exclusion criteria due 10: 
- with amblyopia or manifest sttabiSllllls (n= IO) 

Randomised (n=400) 

I 1 
Allocated to and received Allocated to and received Allocated 10 and ieceived 

! 1tmpine 0.5% (n=l61) atropine 0.1 % (n=US) atropine 0.01% (n~84) 

! ! ! 
Lost to follow-up by 2 .. year: Lost to follow-u_p by 2 .. year: Lost to follow-up by 2"' year. 

Withdrawn on own accord Withdrawn on own accord Withdrawn on own accord 
(n~21) (n=J-4) (n"'9) 

! ! + 
Primary endpoint analysed Primary endpoint analysed Prirnaiy endpoint analysed 

(n-75) (n=l39) (n~J41) 

Excluded &om analysis due lo 

missin~ 2"' vcar visit (n•l) 

D: diopter 

FiJ,lre l, ATOM2 subject flow ch9ft. ATOM = Atropine for the Treatment of Myopia, 

error rate. Placebo and atropine-treated eyes in ATOMI were used 
for reference in the secondary analyses. 

Results 

A total of 400 children were recruited into the study, with 161, 
155, and 84 children in the 0.5%, 0.1%, and 0.01% atropine 
treatment 8J11JS, respectively (Fig I). There were almost equal 
numbers of male and female children. and 91 % of children were of 
ethnic Chinese origin (Table I). No differences were 1101ed in 
demographics, baseline refractive error, accommodation, pupil 
diameter, or BCVA among groups (Table I). The correlation 
between change in spherical equivalent and axial length over 2 
years was high (correlation coefficient =- 0.82, P < 0.001), sug­
gesting good measurement validity. 

Two-year primary end point data were available for 355 of 400 
subjects (88.8%). Forty-four subjects withdrew participation on 
their own accord: 9 (10.7%), 14 (9.0%), and 21 (13.0%) from the 
0.01 %, 0.1 %, and 0,591, treatment groups, respectively (P=0.43); 
I pnnicipant did not attend the second yeal' assessment. Compli­
ance, defined as >75% expected use, was 98.7%, 96.S<ib, and 
98.8% in the 0.5%, 0.1 %, and 0.l)I% arms, respectively (P=0.53), 
in the 2-year period. 

Change in Myopic Progression and Axial 
Length 

A dose-related response on myopia was noted among the 3 treat, 
ment arms, but differences between treatment arms were clinically 
small (Fig 2). An initial hyperopia shift of 0.3 to 0.4 D was noted 
in the 0.1 % and 0.5% groups but not in the 0.0 I% group (Table 1). 
At the end of I year, there was a significant difference in myopia 
progression between the 0.5% atropine group and the 0.01% 
(P < 0.001) and 0.1 % (P=0.01) groups, but there was no statis­
tical significant difference between the 0.01% and 0.1% groups. 
The final myopia progression over 2 years was -0.49±0.60, 
-0.38±0.60, and -0.30:!:0.63 Din the atropine 0.01 %, 0.1 %, and 
0.5% groups, respectively (P=0.07), with a significant difference 
only between the 0.01 % and 0.5% group~ (Table 2). 1here was no 
significant difference in spherical equivalent levels between groups 
(P=0.20). Fifty pen:ent of the 0.0! % group had progressed by less 
than 0.5 D, compared with 58% and 63% in the 0.1% and 0.5% 
groups, respectively. with approximately 18% progressing by 2:1.0 D 
in all 3 groups (Fig 3 ). 

With regard to axial length, change at I year was larger in the 
0.01% group (0.24±0.19 mm) than in the 0.1% (0.13±0.18 mm) 
and 0.5% (0.11 ±0.17 mm) groups (P < 0.001) (Fig 4). Paiiwisc 
comparison showed a statistically significant difference between 
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Table 1. Characteristics at Baseline and Second Baseline (i.e., 2 Weeks after Starting Trial 
Medication) 

Variables 

Atropine(A) Dose 

P Value* A 0.01% (n -- 84) A 0.1% (n 155) A 0 (n = 16!) 

Age (yr), mean (SD) 
Female, % 
Chinese % 
Spherical equivalent (D) 

9.5 (1.5) 
48.8 
90.5 

9.7 (1.6) 
46,5 
92.3 

9.7 (1.5) 
47.2 
90.0 

0.95 
0.95 
0.99 

-basehne -4-5 (1.5) - 4.8 (1.5) -4.7 (1.8) 0.40 
-second baseline -4.5 (1.5) -4.5 (1.4) -4.3 (1.8) 0.67 

Axial length (mm) 
-baseline 25.1 (1.0) 25.2 (0.8) 25.2 (0.9) 0.94 
-second baseline 25.2 (1.0) 25.: (0.8) 25.1 (0.9) 0.93 

Accommodation (D) 
-baseline 16.2 (3.4) '6.7(3.0) 15.8 (1.4) 0.01 
-second baseline 11.3 (4.3) 3.8 (2.5) 2.2 (1.2) <0.001 

Mesupic pupil diameter (mm) 
-baseline 3.9 (0.6) 3.9 (0.6) 4.0 (0.7) 0.21. 
-second baseline 5.2 (0.8) 7.2 (0.7) 7.8 (0.5) <0.001 

Phoropic pupil diameter (mm) 
-baseline 4.7 (C.7) 4.6 (0.7) 4.6 (0.7) 0.63 
-second baseline 5.8 (0.8) 7.4 (0.7) 7.9 (0.6) <0.001 

Distant 3CVA (logMAR) 0.01 0.01 
-baseline 0.01 (C.05) 0.02 (0.06) 0.02 (0.06) 0.56 
-second baseline 0.01 (0,05) C.03 (0.05) 0.01 (0.06) 0.86 

Near vision (logMAR) 
-baseline 0.04 (0.09) 0.04 (0.08) 0.04 (0.07) 0.38 
•second. baseline 0.06 (0.05) 0.29 (0.18) 0.48 (0.16) <0.001 

SI) standard deviation. 
*Fisher exact test for binary demographic variables; analysis of variance for age; Huber--White robust standard error 
for clustered data (bath eyes pooled) on ocular parameters. 

the 0.01% group and the other 2 groups < 0.001). This differ-
ence persisted to the end of the 24-month period (Table 2). 

Changes in Accommodation. Pupil 
Diameter, and Visual Acuity 

There was no difference in accommodation, mesopie, and pho-
topic pupil diameter among groups at baseline (Table 1). How-

0.4 

0.2 

a 0.0 

-0.4 

2.w 4m tIM 12m 16m niti 24m 

-A-Platiam (ATOM) -o-A0,01% -o-A 0 1% -46-A 0 5% -a-A 1.0% (ATOM1) 

Figure 2. Mean chase in sphentsl equivalent for groups from baseline, 
t weeks, and 4 to 24 months with atropine 0.01%, 0.1%, and 0.5% from 
the ATM:12 study, and placebo and atropine 1.0% from .the ATOM' 
study. A = atropine; ATOM = .Oropine for The Treatment of Myopia; 
1) dioprer; m month; w = week. 
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ever, significant dose-related differences quickly became evi-
dent by the second baseline visit (Table 1). Changes within the 
0.01% group were significantly less than in the 2 other groups. 
Accommodation amplitude in the 0.01% group was reduced to 
only 11.3 D compared with 3.8 D and 2.2 D in the 0.1% and 
0.5cb groups. respectively (Table 1). In functional terms, this 
meant that near visual acuity was riot significantly impaired in 
the 0.01% group, whereas deficiencies were noted in the 2 other 
groups. Mean hest-corrected distant visual acuity was not af-
fected by atropine use (Table 2), although 10% of children did 
encounter mild distance blur (Table 3). 

Pupil size, under both photopic and mesopic condititins, in the 
0.01% group increased by only 1 tam, whereas pupils in the 0.1% 
and 0.5% groups were mm larger (Table 2). Although the 
atropine effect on pupil diameter remained unchanged over time, 
the accommodation appeared to improve in the 0.1% and 0.5% 
groups over time (Table 2). The mesa accommodation amplitude 
in the 0.5% group, for example, decreased from 15.8 D at baseline 
to 2.2 D at the second baseline visit but increased to 3.6 D and 4.1 
D by the end of the first and second years, respectively. Changes 
in the 0.01% group were less. varying from 16.2 to 11.3, 11.7, and 
11.8 D over the same time period. 

Children receiving lower concentrations of atropine were less 
likely to require progressive lens power in their glasses. For 
example, in the 234 children aged R to I0 years at the start of 
study, 70%, 61%, and 6% of the children receiving atropine 0.5%, 
0.1%, and 0.01%, respectively, requested combined photochro-
matic progressive glasses, whereas the remainder opted for single-
vision photochromatic glasses. 

Ophthalmology Volume J 19, Number 2, February 2012 

Table I. CharacteriJtiC$ at Baseline and Second BMeline (i.e., 2 Weeks aft.er Starting Trial 
Medication) 

Attoplnc(A.) Dose 

Variables A O.OJ'J(, (n '" a,f) A 0.1% (n °-, 155) A 0.5% (n = 161) P Value• 

Age (yr), mean (SO) 9.5 (1.5) 9.7(1.6) 9.7 (I.SJ 0.95 
Female, % otS.8 ,t6.5 47.2 0.95 
Chinese 'J(, 90.5 92.3 90.0 0.99 
Sphtricul cqui•alont (D) 

-lwcltnc -4.S(U) -4.il (1.5) -4.7 (1.8) 0.40 
••••:ond biisclinc -4.S (1.5) -4.5(1.4) -4.3 (1.8) 0.67 

Ax:ol lengtl: (mm) 
-ba,dietc 25,l (!.O) 25,2 (0.8) 25.2 (0.9) 0.94 
-,econd lwclinc 25.2 (1.0) 25., (0.8) 25.1 (0,9) 0.93 

Accommod.1cion (D) 
.1..,.-.,linc 16.2(3.4) : 6.7 (3.0] 15.8(3.4) 0.01 
-=one! l>a.elinc l 1,3 (4.J) 3.8 {2.S) 2.2 (1.2) <p.001 

Me,opic pupil diameter (mm) 
-La~ltne J ,9 (0.6) 3.9 (0.6) 1.0 (0.7) 0.2( 
-sc:conJ b-•scline 52 (0.8) 7.2 (0,7) 7.8 (0.5) <0.001 

Photoplc pupil Jiameter (mm) 
-ba.cline 4.7(0,7) 4.6 (0.7) M(0.7) 0.63 
-=d beseline S.8 (0.8) 7.4 (0.7) '/.9 (0.6) <0.001 

Di:itant OC:VA (logMAR) 0.01 0.01 
-bRSClinc 0.01 (0.05) C.02 (0.06) 0.02 (0,06) 0.56 
• ...,ond ba.clinc O.ot (0.05) 0.0.1 (0.05) 0.01 (0.06) 0.86 

Ne-•r vii!on (logMAR) 
-base!~ 0.04 (0,09) C.Oi (0.08) 0.04 (0.07) 0,38 
•sctiund b:ueltne 0.06(0.05) 0.29 (0,18) 0-48(0.16) <0.001 

SI) =· sraodarJ dcvior.inn. 
•fioher t'X&ct test for binary demcgr-aphk -iablC$l AMlysi> of variant-.: for age; Huber-White robusr standard ,rror 
for clusr•rcd data (rorlt eye, pooled) on ocular pan,mea,rs. 

the 0.01 <JI, grol1p and the other 2 groups (P < 0.001). This ditlcr­
ence per$istcd to !he end of the 24-month period (Table 2). 

Changes in Accommodation, Pupil 
Diameter, and Visual Acuity 

'fhCfC was n<o difference in accomnwdation, niesopic, and pho­
topic pupil diumeter among groups at baseline (Tahle I). How-

O,◄ i 

0.2 [ 

e: o.o I 
.j -0.2 
i -o.4 I 
~ •O.fl I 
i ·0.81 I -1 o 

-1.Z 

·1.4 ,.,. ""' 8m !Zm 16m 24m 

--P-o(ATOM1) -<>-A0.0111 -110111 -e-AOW ..... A13 (1,l OM1) 

Fig11re 2.. Mean cha"l,C in spherical equivalent for grours fmm ooa,line, 
'l wr,e,h, snd 4 to Ui month:i with atmplr.e 0.01 %, 0.1%, ~nd 0.5% from 
the A TOM2 study, nnd placebo and atro;,ine 1.0% frnm ,he ATOM! 
studr. A = atropine; A·JoM = A~ine fur :h• Treatment of Myoplu; 
D - diopter; m = mont!i; w = week. 
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ever. significant dose-related differences quickly became evi­
dent by the second basl)!ine visit (Table l). Changes within the 
0.01 % group were significantly Jes! than in the 2 other groups. 
Accommodation amplitude in the 0.0J % group was reduced to 
only 11.3 D compared with 3.8 0 and 2.2 D in the 0.1 % and 
0.5% group~. respectively (Table I). In functional terms, this 
meant that near visual acuity was oot significantly impaired in 
rhe 0.01 % group, whereas deficiencies were noted in the 2 other 
gr<•ups. Mean best-corrected distant visual acuity was not af. 
fected by atropine use (Table 2), although 109{, of children did 
en~-ounter mild distance: hlur (Table 3). 

Pupil size, under both photopic and rnesopic conditil>ns, in the 
0.01% group increased by only l mm, whereas pupils in the 0.1% 
and 0.5% groups were ~ 3 mm larger (ruble 2). Although the 
atropine effect on pupil diameter remained unchanged over time, 
the ac.:ommodation appeared to improve in the 0 .1 % and 0.5% 
groups over time (Table 2). The mean accommodation amplitude 
in the 0.5% group, for example. decreased from 15.8 D at b3scline 
to 2.2 D at the second baseline visit but increased to 3.6 D and 4.1 
D by the end of the first and liCCOnd years, respectively. Changes 
in tbe 0.01 % group were less. vurying from 16.2 to 11.3, 11.7, and 
11.8 D over the same time period. 

Children receiving lower concentrations of atropine were less 
likely to require progressive lenR power in their glasses. For 
example, in the 234 children aged 8 to IO years at the stal1 of 
study, 70%, 61 %, and 6'il> of the children receiving atropine 0.59&, 
0.1 %, and 0.01 %, respectively, requested combined photochro­
matic progressive glasses, whereas the remainder opted for single• 
vision photochromatic gla~ses. 
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Table 2. Ophthalmology Parameters at Second Annual Visit 
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Atropine (A) Dose, Mean (SD) 

P Value A0.01% A0.1% A0.5% 

Spherical equivalent (I)) 
,at 1 yr - 4.9(1.5) -4.8(1.4) -4.6(1.9) 0.26 
-at 2 yrs -5.1 (1.5) -4.9 (1.3) -4.7(1.7) 0.20 
-mem, change over I yr -0.43 (0.52) -0.31 (0.50) -0.17 (0.47) <0.001" 
-mean change over 2 yrs -0.49(0.63) -0.38(0.60) -0.30(0.60) 0.07* 

Axial length (ram) 
-at 1 yr 25.4(t.0) 253 (0.8) 25.3 (0.9) 0.36 
-at 2 yea 25.7 (1.0) 25.4 (0.8) 25.4 (1.0) 0.08/ 
mean change over 1 yr 0.24 (0.19) 0.13 (018) 0.11 Cal?) <0.001'"' 
-mean change over 2 yrs 0.41 (0.32) 0.28 (0.27) 0.27 (0.25) 0.002*•' 

Accommodation (D) 
-at 1 yr 11.7 (4.3) 6.0 (3.4) 3.6 (3.2) <0.001*•" 
-at 2 yrs 11.8 (3.2) 6.8 (3.4) 4.0 (2.6) <0.001*.t•' 
-mean change over 1 yr • 4.4 (4.9) -10.9(4.0) 12.4 (3.3) <0.001•.t.r
-mean change over 2 yrs -4.6(4.2) . 10./ (4.3) 11.8 (4.4) <0.001*" 

Mesopic pupil sire (mm) 
.ar 1 yr 5.1 (0.9) 6.7(1-0) 73(1.1) <0.001-'4
-at 2 yr. 5.1 (0.9) 6.7 (1.1) 7.5 (1.2) <0.00:".' *
.mean change over 1 yr 1.15 (0.78) 2.77 (1.03) 3.50 (1,05) <0.001*".* 
-mean change over 2 yrs 1.15 (0.71) 2.71 (1.12) 3.56 (1.14) <0-001*•^r 

Photopic pupil sire (mml 
-at 1 yr 5.6 (0.8) 7.0 (1.0) 7.7 (1.0) <0.00l'-'
-at 2 yrs 5.5 (0.8) ' 6.9(1.0) 7.8(1.1) <0.001*.t* 
-mean change over 1 yr 0.91 (0.78) 2.42 (0.91) 3.11 (1.08) <0.00i" 
-mean change over 2 yrs 0.74 (0.75) 2.25 (1.01) 3.11 (1.10) <0.001*•/•' 

Distant BCVA (logMAR) 
-ar 1 yr -0.005 (0.042) -0.003 (0.054) -0.003 (0.054) 0.99 
-at 2 yrs -0.001 (0.057) 0.005 (0.054) 0.011 (0.057) 0.25 
-mean change over 1 yr -0.02 (0.05) -0.02 (0.06) -0.03 (0.05) 0.21 
-mean change over 2 yrs -0.02 (0.06) 0.01 (0.06) -0.01 (0.06) 0.44 

Near vision (logMAR) 
-at 1 yr 0.03 (-0.06) 0.15 (0.15) 0.35 (0.18) <0.00l'"°-
-at 2 yrs 0.01(0.07) 0.10 (0.13) 0.29 (0.18) <0.001*'''' 
-mean change over 1 yi -0.01 (0.10) 0.10 (0.16) 0.32 (0.19) <0.001*''•t
mean change over 2 yrs -0.02(0.08) 0.06 (0.13) 0.25 (0.19) <0.001*•' *

SD = standard deviation. 
Myopia progression and axial length: change from second baseline; other parameters: change from initial baseline. 
P values for test of global null hypotheses of all groups being the same are shown. Pairwise comparisim P values are 
represented besignificanr (P <0.05) difference herw•een atropine 0.01% and 0.5%;'significant difference between 
atropine 0.01% and 0.1%1 amffsigniffmnt difference between atropine 0.1% and 05%. 

Adverse Events 

The majority of the adverse events were deemed to be unrelated to 
study treatment (e.g., flu-like illness) (Table 3). Adverse reactions 
directly attributable to atropine included allergic conjunctivitis, 
which occurred in 13 children (4.1%) in the atropine 0.1% and 
0.5% groups. In 3 subjects (1.2%), symptoms were severe enough 
to warrant ceasing trial medication. Four children in the 0.1% and 
0.5% groups (1.3%) had allergy-related dermatitis of the eyelids. 
Six children had other eye symptoms, 5 of which could be attrib-
uted to atropine, including I case of irritation and 1 case of blur in 
the atropine 0.01% group, and 2 cases of ocular irritation and 1 
case of intolerable glare in the atropine 0.5% group. 

Seven children had a severe adverse event requiring hospital-
ization. In the 0.01% group, 1 child had acute gastric pain. In the 
0.1% group, there was 1 case each of appendicitis, respiratory 
infection, and Ewing's sarcoma, In the 0.5% group, there was 1 
case each of tachycardia, dengue fever, and gastroenteritis. None 
of these events are thought to be associated with atropine. 

Discussion 

Childhood myopia is a major public health problem in 

Singapore. In a recent Strabismus, Amblyopia and Refrac-

tive Error in Singaporean Children study (2005-2009) in-
volving preschool Chinese children, myopia (spherical 
equivalence, ≤ —0.5 D) was already present in 7% of 4- to 
5-year-old children.' The prevalence of myopia in the 
Singapore Cohort Study of Risk Factors for Myopia study 
(1999-2003) was noted to be 28%, 32%, and 43% in 7-, 8-, 
and 9-year-old children, respectively, with a subsequent 
3-year cumulative myopia progression of —2.4 D (95% CI, 
—2.6 to —2.2), - 2.0 I) (95% CI, - 2.1 to -1.8), and -1.7 
D (95% CI, -2.0 to - 1.4) in each group, respectively.2' By 
the time children were aged 12 years, 61% were myopic and 
10% were highly myopic (< - 6 D) (Saw SM, personal 
communication, 2011). Army-based studies (1996 -1997) 
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Table 2. Ophthalmology Paramt-tei:; at Second Annual Visit 

Atropine (A) Do.e, Mean (SD) 

AO.OJ% AO.I% A0.5% PValue 

Spherical equivalent (DJ 
•at I yr -1,9 (1.5) -◄.8(1.4) -4-6(1.9) 0.26 
-at 2 yrs -5.1 (1.5) -4.9 (1.3) -4.7 (l.7) 0.20 
•mcun change over I yr -0.43 (0.52) -0.31 (0.50) -0.17(0.47) <0.001•·· 
-m°"n change o~r 2 yr< -0.49 (0.63) -0.38 (0.60) -0.30 (0.60) 0.01• 

Axial lcnl!th (mm) 
•31 J ~T 25.4 (1.0) 25.3 (0.6) 25.J (0.9) 0.36 
-or 2 yr. 25.7 (1.0) 25-◄ (0.8) 25.4 (1.0) o.oa1 

•mean change 01•cr l yr 0.24 (0.19) 0.13 (0.18) 0.1 I (0.17) <0.001*·' 
-mean change o,·er 2 yr, 0.41 (0.32) 0.28 (0.27) 0.27 (0.25) 0.002•-· 

Acccm,niodation (D) 
•at I yr ll.7(4.3) 6.0(l.4) J.6 (l2) <0.001•·· -• 
•• , 2 j'fS 11.8 (3.2) 6.8(3.◄) 4.0(2.6) <0.001"·'·1 

•lll•an change over I yr ·4.4 (4.9) -10.9 (4.0) 12.4(3.3) <0.001 • ·1·' 

•mean chunge over 2 yr> -4.6(4.2) JO.I (4.3) 11.8(◄..I) <0.001•·'·' 
Mc:.<opic pupil size (mm) 

-at I yr 5.1 (0.9) 6.7 (LO) 7.5 (I.I) <0.001 • ·'·' 
••tl~ 5.1 (0.9) 6.7 (I.I) 7.5(1.Z) <O.oo:•·' * 
•mtan change over I yr 1.15 (0.78) 2.77 (1.01) 3.50 (1.05) <0.001 •·'·* 
-mean ch•llll" over 2 yr,; 1.15 (0.71) 2.71 (1.12) J.56 (1.14) <0.001•-•·t 

Photo pie pupil sire ( mm 1 
·•t I yr 5.6 (0.8) 7.0 (1.0) 7.7 (I.OJ <O.OOJ•·t.1 
•at 2 yr• 5.5 (0.8) '6.9(1.0) 7.8(1.1) <0.00!•·t.l 
•moan change over l yr 0.91 (0.78) 2.42 (0.91) .Ul (I.OB) <0.001•·'·' 
-mean change ovc-r 2 yrs 0.74(0,75) 2.25 (1.01) 3.11 (1.10) <0.00l*•U 

l.>i,t•nr BCVA (logMARJ 
•at I yr -0.005 (0.042) -0.003 (0.054) -0.003 (0.05~) 0.99 
·at 2 yr.; -0.001 (0.057) 0.005 (0.054) 0.011 (0.057) 0.25 
-mean chant"' over I )'' -0.02 (0.05) -o.oz (0.06) -0.03 (0.05) 0.21 
-mean change tl\'cr 2 yrs -0.02 (0.06) 0.01 (0.06) -0.01 (0.06) 0.44 

Near vision {logMAR) 
•al I )'t 0.03 ( -0.06) 0.15 (0.15) 0.35 (0.18) <0.001*·'·' 
-at 2 yn 0.01 (0.07) 0.10 (0.13) 0.29(0.18) <0.00t•·'·* 
•mean change over 1 f' -0.01 (0.10} 0.10 (0.16) 0.32 (0.19} <0.001 •·•·i 
mean change o,-.:r 2 }'TS -0.02 (0.08} 0.06(0.13) 0.25 (0.19) <0.001*·' i 

SO = nandnrd deviation. 
Myopia progreMlon and •xial length: change from sec<1nd baseline; other parameters: change from initial baseline. 
P valu"" fnr 1.,.1 uf i:lt>bil null h)l'<lth~..,, of :tll i:r,,upi h<,ing the same ar.: shown. Pait\\•ise Cll1.11f!nri,on P vnluc.• are 
rerrcsented bi·••tgnificnnr (P < 0.05) Jificr,'Oce l,,,twccn awrine 0.01% and 0.5%;1signinc.,nt dilfcr<ncc between 
atmpinc 0.01% nnd 0.1%: nnd;•ii,'lli6cant diffe,~ncc between atropine 0.1% and 0.5%. 

Adverse Events 

The majority of the adverse events were deemed to be unrelated to 
~tudy treatment (e.g., Jiu-like illness) (Table 3). Adverse reactions 
directly attributable to atropine included allergic conjunctivitis, 
which occurred in 13 children (4.1%) in the atropine 0.1% and 
0.5% groups. In 3 subjects ( 1.2% ), symptoms were severe em,ugh 
to warrant ceasing trial medication. Four children in the 0.1 % and 
0.5% groups (1.3%} had allergy-related dcnnatitis of the eyelid.~. 
Six children bad other eye symptoms, 5 of which could be attrib­
uted to atropine, including I case of irritation and I case of blur in 
the atropine O.OI % group, and 2 cases of ocular irritatit>n and I 
case of intolerable glare in the atropine 0.5% group. 

Seven children had a severe adverse event requiring hospital­
ization. In the 0.01 'II, group. 1 child had acute gastric pain. In the 
0.1 % group, there was 1 case each of appendicitis, respiratory 
infection, and Ewing"s sarcom~ In the 0.5% group, there was I 
case each of tachycardia, dengue fever, and gastroenteritis. None 
of these events are thought to be associated with atropine. 

Discussion 

Childhood myopia is a major public health problem in 
Singapore. In a recent Strabismus, Amblyopia and Refrac­
tive Error in Singaporean Children study (2005-2009) in­
volving preschool Chinese children, myopia (spherical 
equivalence, !!:-0.5 D) was already present in 7% of 4- to 
5-year-old children:20 The prevalence of myopia in the 
Singapore Cohort Study of Risk Factors for Myopi11 study 
(1999-2003) was noted to be 28%. 32%, and 43% in 7-, 8-, 
and 9-year•old children, respectively, with a subsequent 
3-year cumulative myopia progression of -2.4 D (95% Cl, 
-2.6 to -2.2), • 2.0 D (95% CI, -2.1 to -1.8), and-· 1.7 
D {95% CI, -2.0 to -1.4) in each group, respectively.21 By 
the time children were aged 12 years, 61% were myopic and 
10% were highly myopic (<··6 D) (Saw SM, personal 
communication, 2011 ). Anny-based studies (I 996 - 1997) 
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Figure 3. Progression of myopia according to severity (pooled eyes) with atropine 0.01%, 0.1%, and 0.5% from the ATOM2 study, and placebo and 
atropine 1.0% from the ATOMI study, at 1 and 2 years. Myopia progression from baseline 2 if >1 D (severe), 0.5-0.99 D (moderate), and <0.5 D (mild). 
A = atropine; ATOM = Auopine for the Treatment of Myopia; D = dioprer. 

place the prevalence of myopia in young male conscripts at 
79%, with 13% being highly myopic.22

Atropine is a nonspecific muscarinic antagonist,'' 2-3 It is 
uncertain how atropine acts to inhibit myopia progres-
sion.1.24-28 Initially, inhibition of accommodation was 
thought to be important, but subsequent studies have shown 
that atropine also inhibits myopia in animals (e.g., in chick-
ens) that have no accommodative facility?' One theory is 
that atropine and other muscarinic antagonists may have 
biochemical effects on the retina or sclera, which in turn 
affect remodeling of the sclera.25.26 Another theory suggests 
that increased ultraviolet exposure (secondary to pupil di-
lation) may increase collagen cross-linking within the 
sclera, thereby limiting scleral growth.28

Atropine at 1.0% and 0.5% has been demonstrated 
through randomized trials to be effective in slowing myopia 
progression.l3-1B However, the safety profile of atropine 
(i.e., its effect on pupil size and accommodation) often has 
been a source of concern and deterred many from using this 
medication. Every unit increase in pupil size results in an 
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Figure 4. Mean change in axial lengths for groups from baseline, 2 weeks, 
and 4 to 24 months. A = atropine; ATOM = Atropine for the Treatment 
of Myopia; m = month; w = week. 
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exponential increase in the amount of light entering the eye, 
and this can cause glare and potential phototoxicity. Atro-
pine also decreases accommodation amplitude and near 
vision so that children may require bifocal or progressive 
glasses to read. The ideal atropine dose would be one with 
the best balance between efficacy and safety. 

In the ATOM1 study, 400 children aged 6 —12 years with 
spherical equivalents of —1.00 and —6.00 D were randomly 
assigned to atropine 1% and placebo medication in I eye.16 

These children were slightly younger (9.2 vs. 9.6 years) and 
had lower spherical equivalents (-3.4 vs. —4.7 D) and 
smaller axial lengths (24.8 vs. 25.2 mm) than those in the 
ATOM2 group. Axial lengths were also measured differ-
ently between studies, with the A-scan ultrasonography 
used in ATOM I and the IOLMaster used in ATOM2. At the 
end of 2 years, the mean myopia and axial length progres-
sion in the ATOMI study were —0.28±0.92 D and 
-0.02±0.35 mm, respectively, in the atropine 1% eyes 
compared with —1.20-1-0.69 D and 0.38-10.38 mm, respec-
tively, in the placebo eyes. The progression of myopia in the 
ATOM2 subjects lies in a dose-related manner between 
these 2 extremes (Fig 2). Such a dose-related effect on 
myopia progression was also noted in other studies."15.11

In ATOM2, the progression of myopia on atropine as% 
was —0.17±0.47 D over 1 year and —0.30-1-0.60 D over 2 
years. This was similar to the progression noted in children 
receiving atropine 1% in the ATOM1 study (Fig 2), and 
within the ranges noted in studies using atropine 0.5%. Shih 
et al14 noted a 0.04-10.63 per year progression in 41 chil-
dren aged 6-13 years. In a later study, Shih et 6115 noted 
progression of 0.41±0.07 D over an 18-month period in 66 
children aged 6-13 years, whereas Liang et 21'7 obtained 
0.15±0.15 per year in 22 school-aged children. 

Changes in myopia and axial lengths outcome in the 
atropine 0.1% group were similar to those in the 0.5% 
group. The myopia progression was initially larger in the 
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place the prevalence of myopia in young male conscripts at 
79%, with 13% being highly myopic.n 

Atropine is n nonspecific muscarinic antagonist.1•23 It is 
uncertain how atropine acts t.o inhibit myopia progres­
sion.1·24-28 Initially, inhibition of accommodation was 
thought to be important, but subsequent studies have shown 
that atropine also inhibits myopia in animals (e.g., in chick­
ens) that have no accommodative facility.u One theory is 
that atropine and other muscarinic antagonists may have 
biochemical effects on the retina or sclera, which in tum 
affect remodeling of the sclera.25•26 Another theory suggests 
that increased ultraviolet exposure (secondary to pupil di­
lation) may increase collagen cross-linking within the 
sclera, thereby limiting scleral growth. 28 

Atropine at 1.0% and 0.5% has been demonstrated 
through randomized trials to be effective in slowing myopia 
progression.1:3-18 However, the safety profile of atropine 
(i.e., its effect on pUpil size and accommodation) often has 
been a source of concern and deterred many from using this 
medication. Every unit inciease in pupil size results in an 
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exponential increase in the amount of light entering the eye, 
and this can cause glare and potential phototoxicity. Atro­
pine also decreases accommodation amplitude and near 
vision so that children may require bifocal or progressive 
glasses to read. The ideal atropine dose would be one with 
the best balance between efficacy and safety. 

In the ATOMl study, 400 children aged 6-12 years with 
spherical equivalents of - 1.00 and -6.00 D were randomly 
assigned to atropine 19& and placebo medication in 1 eyc.1" 

These children were slightly younger (9.2 vs. 9.6 years) and 
had lower spherical equivalents (-3.4 vs. -4.7 D) and 
smaller axial lengths (24.8 vs. 25.2 mm) than those in the 
ATOM2 group. Axial lengths were also measured differ­
ently between studies, with the A-scan ultrasonography 
used in A TOMI and the lOLMaster used in ATOM2. A1. the 
end of 2 years, the mean myopia and axial length progres­
sion in the ATOM! study were -0.28±0.92 D and 
-0.02±0.35 mm, respectively, in the atropine 1% eyes 
compared with - J .20±0.69 D and 0.38:!:0.38 mm, respec­
tively, in the placebo eyes. The progression of myopia in the 
ATOM2 subjects lies in a dose-related manner between 
these 2 extremes (Fig 2). Such a dose-related effect on 
myopia progression was also noted in other studies.14

• 15•17 

In A TOM2, the progression of myopia on atropine 0.5% 
was -0.17:!:0.47 Dover 1 year and - 0.30:!:0.60 Dover 2 
years. This was similar to the progression noted in children 
receiving atropine 1% in the ATOMl study (Fig 2), and 
within the ranges noted in studies using atropine 0.5%. Shih 
et al14 noted a 0.04±0.63 per year progression in 41 chil­
dren aged 6-13 years. In a later study, Shih et al" noted 
progression of 0.41 :!:0.07 D over an 18-month period in 66 
children aged 6- 13 years, whereas Liang et 11117 obtained 
0.15:!:0.15 per year in 22 school-aged children. 

Changes in myopia and axial lengths outcome in the 
atropine 0.1 % group were similar to those in the 0.5% 
group. The myopia progression was initially larger in the 
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Table 3. Adverse Event and Serious Adverse Events 

Atropine (A) Dose 
Exact 
Test 

P Value* 
No. of Episode/No. of Children (% Children) 

A am (n = 84) A 0.1% (n = 155) A 0.5% (n = 161) 

Adverse events 
Allergic conjunctivitis 0/0 (0) 7/6 (4) 7/7 (4) 0.16 
Dermatitis involving eyelids 0/0(0) 2/1 (1) 4/3 (2) 0.54 
Styekhalazion 2/2 (2) 16/12 (8) 16/12 (7) 0.22 
Loss of distant BCVA >1 line 11/11 (13) 20/20(13) 13/13 (8) 0.38 
Others, eye related 2/1 (1) 2/2 (2) 3/3 (2) 1.00 
Others, non—eye related 306/69(82) 470/122 (78) 477/132 (82) 0.73 

Severe adverse events 
Events requiring hospiralissnon 1/1 (1) 3/3 (2) 3/3 (2) 1.00 

'Fisher exact test for proportion of children with adverse events. 
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atropine 0.1% group at 1 year (-0.31 vs. —0.17 D, 
P-=0.01), but this gap had closed by 2 years (-0.38 vs. 
—0.30 D, P=0.25). This level of progression was less than 
the —0.47 D per year noted in children treated with 0.1% 
drops in Taiwan.14 In terms of effect on other ocular pa-
rameters, accommodation (-10.9 vs. —2.4 D), mesopic 
pupil diameter (2.7 vs. 3.5 mm), and photopic pupil diam-
eter (2.2 vs. 3.1 I)) were also significantly less in the 0.1% 
group compared with the 0.5% group, making the overall 
efficacy side effect profile of atropine 0.1% better than 
atropine 0.5%. 

In designing this study, atropine 0.01% was initially 
assumed to have minimal effect and act as a potential 
control, thus, the lower allocation of subjects to this group. 
However, contrary to expectations, atropine 0.01% also had 
significant clinical effects as evident by its effect on myopia 
progression, accommodation, and pupil size. The myopia 
progression rate in this group (-0.49±0.63 D/2 years) was 
less than the —1.20±0.69 1)/2 years in the ATOM I placebo 
groups.16 It was also less than the cumulative progression 
over 2 years of -1.3 I) (95% CI, —1.24 to —137), —1.07 
D (95% CI, —1.01 to —1.13), and —0.78 1) (95% Cl, -0.72 
to —0.85) in 8-, 9-, and 10-year-old myopic children, re-
spectively, from the Singapore Cohort Study of Risk Fac-
tors for Myopia study (Saw SM, personal communication, 
2011). Compared with the 2 higher doses, the difference in 
myopia progression at 2 years in the 0.01% group was 
statistically significant compared with the 0.5% group. 
Likewise, the difference in axial length increase was statis-
tically larger than in both the 0.1% and 0.5% groups. 
However, absolute differences between groups were clini-
cally small with differences in myopic progression and axial 
length increase of only 0.19 I) and 0.13 mm, respectively, 
over 2 years (Table 2, Figs 2 and 4). In addition, the ocular 
side effect profile was significantly better with accommo-
dation remaining at 11.8 D, a mean pupil size of 5 nun, and 
a mean near logMAR vision of 0.01. 

There are no published data on atropine 0.01% for direct 
comparison. However, in a nonrandomized study, Lee et 
a)1' found that myopia in 21 children aged 6-12 years 
receiving atropine 0.05% progressed at a rate of 0.28-10.26 
I) per year, compared with 0.75 ±0.35 D per year in 57 

consecutive untreated clinic patients. In a retrospective re-
view of 50 pre-myopia children, 24 of whom were started 
on atropine 0.025%, Fang et a129 noted that subsequent 
myopia shift was less (-0.14±0.24 I)) in the atropine 
0.025% groups compared with controls (—0.58±0.34 D). 

• Overall, atropine-related adverse effects were uncom-
mon at the 0.01% dose. Allergic reactions were most fre-
quent, with 3.2% experiencing allergic conjunctivitis and 
0.8% experiencing an allergy-associated dermatitis, all of 
which were in the 0.1% or 0.5% groups. A number of 
children (11%) also noted at least 1 line loss in distance 
BCVA (Table 3). These effects are reversible on stopping 
medication." There are no long-term studies on the effect 
of atropine on the eye, and continued vigilance is necessary. 
However, atropine has been clinically available since the 
early 1900s, and so far there are no known long-term 
adVerse effects associated with its use 23

The strength of this study was its randomized double-
blind design and low dropout rate, whereas an acknowl-
edged weakness of the study was the lack of a placebo 
control group, necessitating use of external (historical and 
population) controls. The non-inclusion of a placebo group 
was a decision based on findings from the ATOMI study, 
which clearly showed the efficacy of atropine treatment 
compared with placebo, rendering a placebo arm unethical. 
The more important aspect of this trial remained the com-
parison of low dose versus high dose in terms of not only 
the efficacy but also the visual side effects of atropine. 
ATOM2 was otherwise designed to have largely similar 
study parameters so that direct comparison with ATOMI 
was deemed appropriate. 

In conclusion, our results suggest that 0.5%, 0.1%, and 
0.01% atropine remain effective in reducing myopia pro-
gression, compared with placebo treatment, and that the 
clinical differences in myopia progression among these 3 
groups are small. The lowest concentration of 0.01% atro-
pine thus seems to retain efficacy and is a viable concen-
tration for reducing myopia progression in children, while 
attaining a clinically significant improved safety profile in 
terms of accommodation, pupil size, and near visual acuity, 
and subsequently reduced adverse impact on visual func-
tion. Moreover, the 0.01% formulation exhibited fewer ad-
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Table 3. Adverse Event and Seriow Adverse Events 

Atropine (A) Doae 

No. uf Episode/No. af Chiklren (% Childrm) Exact 
Test 

A 0.01% (n = ~) A 0.1% (n = ISS) A 0.5% (n = 161) P Value• 

Adve1>e evenr, 
Allergic eonjunc1ivi11> 0/0 (0) 7/6 (4) 7n(4) 0.16 
Dcrma1iti> invuMng eyelid, 0/0 (0) 2/1 (I) 4/3 (2) 0.54 
Stye/chala,ion 2/2 (2) 16/12 (8) 16/12 (7) 0.22 
J.os,, of di,rnnt BCV A > 1 line JI/JI (I]) 20/20 (13) IJ/13[8) 0.)8 
Other>, eye rcl;ited 2/1 (I) 2/2 (2) 3/3 (2) J.00 
Others, non-<!ye rtlateJ .106/69 (82) 470/122 (78) 4.7i/U2 (82) 0.73 

&·,·ere ad\'er~e events 
Event> requiring hospiraliznnon 1/1 (I) 3/3 (2) 3/3 (2) 1.00 

*fish« exact te>t for proportion of children with ad,•erse events. 

atropine 0.1% group at l year (-0.31 vs. -0.17 D, 
P=0.01), but this gap had closed by 2 years (-0.38 vs. 
-0.30 D, P=0.25). This level of progression was less than 
the -0.47 D per year noted in children treated with 0.1 % 
drops in Taiwan, 14 lo terms of effect on other ocular pa­
rameters, accommodation (-10.9 vs. -2.4 D), mesopic 
pupil diameter (2. 7 vs. 3.5 mm), and photopic pupil diam­
eter (2.2 vs. 3. I D) were also significantly le.~s in the 0. l % 
group compared with the 0.5% group, making the overall 
efficacy side effect profile of atropine 0.1 % better than 
atropine 0.5%. 

In designing this study, atropine 0.01 % was initially 
assumed to have minimal effect and act as a potential 
control, thus, the lower allocation of subjects to this group. 
However, contrary to expectations, atropine 0.0 l % also had 
significant clinical effects as evident by its effect on myopia 
progression, accommodation, and pupil size. The myopia 
progression rate in this group (-0.49±0.63 D/2 years) was 
less than the -1.20±0.69 D/2 years in the A TOM I placebo 
groups.16 It was also le.~s than the cumulative progression 
over 2 years of -1.3 D (95% er, -1.24 to -1.37), -1.07 
D (95% CI, - 1.01 to -1.13), and -0.78 D (95% Cl, -0.72 
to -0.85) in 8-, 9-, and IO-year-old myopic children, re­
spectively, from the Singapore Cohort Study of Risk Fac­
tors for Myopia study (Saw SM, personal communication, 
2011). Compared with the 2 higher doses, the difference in 
myopia progression at 2 years in the 0.01 % group was 
statistically significant compared with the 0.5% group. 
Likewise, the difference in axial length increase was statis­
tically larger than in both the 0. J % and 0.5% groups. 
However, absolute differences between groups were clini­
cally small with differences in myopic progression and axial 
length increase of only 0.19 D and 0.13 mm, respectively, 
over 2 years (Table 2, Figs 2 and 4). In addition, the ocular 
side effect profile was significantly better with accommo­
dation remaining at I 1.8 D, a mean pupil size of 5 mm, and 
a mean near logMAR vision of 0.01. 

There are no published data on atropine O.QJ % for direct 
comparison. However, in a nonrandomized study, Lee et 
a1 11 found that myopia in 21 children aged 6-12 years 
receiving atropine 0.05% proJressed at a rate of 0.28:!..0.26 
D per year, compared with 0.75±0.35 D per year in 57 

consecutive untreated clinic patients. In a retrospective re­
view of 50 pre-myopia children, 24 of whom were started 
on atropine 0.025%, Fang et al29 noted that subsequent 
myopia shift was less (-0.14±0.24 D) in the atropine 
0.025% groups compared with controls (-0.58±0.34 D). 

· Overall, atropine-related adverse effects were uncom­
mon at the 0.01 % dose. Allergic reactions were most fre­
quent, with 3.2% experiencing allergic conjunctivitis and 
0.8% experiencing an allergy-associated dermatitis, all of 
which were in the 0.1 % or 0.5% groups. A number of 
children (11 % ) also noted at least 1 line loss in distance 
BCVA (Table 3). These effects are reversible on stopping 
medication.18 There are no long-term studies on the effect 
of atropine on the eye, and continued vigilance is necessary. 
However, atropine has been clinically available since the 
early 1900s, and so far there are no known long-term 
adverse effects associated with its use.23 

The strength of this study was its randomized double­
blind design and low dropout rate, wherea.<1 an acknowl­
edged weakness of the study was the lack of a placebo 
control group, necessitating use of external (hislOrical and 
population) controls. The non-inclusion of a placebo group 
was a decision based on findings from the ATOMl study, 
which clearly showed the efficacy of atropine treatment 
compared with placebo, rendering a placebo arm unethical. 
The more important aspect of this trial remained the com• 
parison of low dose versus high dose in terms of not only 
the efficacy but also the visual side effects of atropine. 
ATOM2 was otherwise designed to have largely similar 
study parameters so that direct comparison with ATOM! 
was deemed appropriate. 

In concJusion, our results suggest that 0.5%, 0.1%, and 
0.01 % atropine remain effective in reducing myopia pro­
gression, compared with placebo treatment, and that the 
clinical differences in myopia progression among these 3 
groups are small. The lowest concentration of 0.01 % atro­
pine thus seems to retain efficacy 11J1d is a viable concen­
tration for reducing myopia progression in children, while 
attaining a clinically significant improved safety profile in 
tenns of accommodation, pupil size, and near visual acuity, 
and subsequently reduced adverse impact on visual func­
tion. Moreover, the 0.01 % formulation exhibited fewer ad-
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verse events. Atropine 0.01% is currently not commercially 
available. However, these findings collectively suggest that 
a nightly dose of atropine at 0.01% seems to be a safe and 
effective regimen for slowing myopia progression in chil-
dren, with minimal impact on visual function in children. 
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verse events. Atropine 0.01 % is currently not commercially 
available. However, these findings collectively suggest that 
a nightly dose of atropine at 0.0 I% seems to be a safe and 
effective regimen for slowing myopia progression in chil­
dren, with minimal impact on visual function in children. 
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