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Background. To explore the effect of atropine 0.01% on accommodation functions and pupil size for safely and effectively
controlling myopia in Chinese children.Methods. 1is was a single-center randomized clinical trial. 63 participants with myopia
of at least −0.50D and astigmatism of ≤−2.50D were enrolled and randomized to receive atropine 0.01% once nightly with regular
single-vision lenses or to wear regular single-vision lenses, in an allocation ratio of 3 : 2. Primary outcomes included changes of
accommodation functions, pupil diameter, distant and near best-corrected visual acuity (BCVA), near stereoacuity, and in-
traocular pressure (IOP). Secondary outcome was myopic progression at 6 months. Results. 61 participants completed the follow-
up. Compared with the control group, the atropine-treated children showed a statistically significant increase in pupil diameter
after 6 months (0.7± 0.7 vs. 0.1± 0.5mm, P � 0.01). Despite the enlarged pupil, routine vision-related activities were not affected.
1e mean changes in accommodative functions, BCVA, near stereoacuity, and IOP, did not differ significantly between the
groups. At 6 months, participants in the control group showed greater myopia progression than those in the atropine group
(spherical equivalent: −0.60± 0.43 vs.−0.30± 0.42D, P< 0.001; axial length: 0.35± 0.20 vs. 0.24± 0.16mm, P � 0.001). Con-
clusions. Atropine 0.01% eye drops significantly increased pupil diameter less than one mm, but it did not affect accommodative
functions, BCVA, near stereoacuity, and IOP. Combined with its reducing myopia progression, atropine 0.01% can be used as a
safe and effective treatment for myopia in Chinese children.

1. Introduction

1e total number of people with myopia is estimated to
increase to 2.6 billion by 2020 and to 4.7 billion by 2050,
which is almost half the global population [1]. A much higher
prevalence of myopia has been noted in China compared to
other countries from a combination of intrinsic (possible
genetic predisposition) and extrinsic (reduced outdoor time
and increased near work) factors [2,3]. In urban children, the
prevalence of myopia was 5.7% in those aged 5 years, 30.1% in
those aged 10 years, and 78.4% in those aged 15 years [4]. In
parallel with the growing numbers with myopia, rates of high
myopia have been increasing [5], and the number of people
with vision loss resulting from high myopia is predicted to
increase 7-fold globally from 2000 to 2050 [1].

In addition to impaired visual function, people with
myopia are at a higher lifelong risk of vision-threatening
ophthalmic conditions, such as myopic maculopathy, retinal
detachment, and cataract. 1e risk of these complications
increases with the severity of myopia, highlighting the
importance of implementing interventions to slow the
progression of myopia.

Among all the current treatments, antimuscarinic topical
medication is one of the most effective interventions to slow
myopia progression, whereas its use is limited by its adverse
effects, such as near blur and photophobia, induced by
cycloplegia and mydriasis, respectively [6]. An increasing
number of studies have demonstrated the efficacy of atro-
pine 0.01% eye drops in reducing spherical equivalent (SE)
progression and axial length (AL) elongation, but its side-
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effect profile has not been thoroughly validated. Previous
studies showed that atropine 0.01% had a negligible effect on
accommodation amplitude (AA), pupil diameter, and visual
acuity, but the results were inconsistent among different
studies. For instance, the Atropine for the Treatment of
Myopia 2 (ATOM 2) study reported that atropine 0.01% had
little effect on AA (reduced by 4.4± 4.9D/year) [7]. In the
Low-Concentration Atropine for Myopia Progression
(LAMP) study, which was recently conducted in Hong
Kong, atropine 0.01% group had a much smaller reduction
in AA (−0.26± 3.04D/year) [8]. Moreover, accommodation
functions and pupil size are considered as important factors
associated with the presence or progression of myopia. One
previous study has demonstrated a significant relationship
between the amount of myopia and the amplitude of ac-
commodation [9]. Accommodative facility was considered
to be an independent predictor of myopia progression as
delays in attaining focus could lead to brief periods of hy-
peropic defocus, i.e., the plane of the best focus is behind the
retina. And hyperopic defocus caused by lags of accom-
modation may lead to increased eye growth in animal
models of myopia [10,11]. However, a reduced depth of
focus due to pupil dilation after administration of atropine
could decrease lag of accommodation with decreasing ac-
commodation demand [12–14]. Important questions remain
to be resolved, such as the effect of atropine 0.01% on ac-
commodative function, pupil size, best-corrected visual
acuity (BCVA) at distance and near, and near stereoacuity.

To our knowledge, few randomized controlled trials have
investigated the effects of atropine 0.01% on myopia in
Mainland China. 1e primary purpose of the present ran-
domized clinical trial was to investigate the effect of atropine
0.01% on amplitude of accommodation, accommodative
facility (AF), pupil size, distant and near BCVA, near
stereoacuity, intraocular pressure (IOP), and difficulties
affecting routine vision-related activities in Chinese chil-
dren, with myopia progression being the secondary outcome
measure.

2. Methods

1is study was a single-center randomized clinical trial
conducted at the Eye & ENT Hospital of Fudan University,
Shanghai, China. 1e study was approved by the Ethics
Committee of the Eye & ENT Hospital of Fudan University.
Written informed consent was obtained from the parents or
legal guardians of all enrollees, and either written or verbal
assent was obtained from each participant as required. 1e
study is listed at http://www.chictr.org.cn under identifier
ChiCTR1800017154. All procedures were conducted in
accordance with the tenets of the Declaration of Helsinki.

Children who met the eligibility criteria listed in Table 1
were enrolled and randomized to receive atropine 0.01%
once nightly with regular single-vision lenses or to wear
regular single-vision lenses in an allocation ratio of 3 : 2.
Because atropine 0.01% is not commercially available in
China, the eye drops were prepared by the Pharmaceutical
Department of Eye & ENT Hospital (0.05% atropine sulfate
(1ml) in polyethylene glycol eye drops (4ml)) [15].

Follow-up visits were planned at 3 and 6months after the
children were assessed and randomized at the first screening
visit. Examinations were conducted by study-certified ex-
aminers masked to the group allocation. At each visit, a slit
lamp examination and direct ophthalmoscopy were used to
evaluate the anterior and posterior segments of the eyes.
Cycloplegic refraction was used to assess the refractive errors
before enrollment and at 6-month visit. Cycloplegia was
achieved with four drops of compound tropicamide eye
drops (0.5% tropicamide and 0.5% phenylephrine eye drops;
Mydrin-P, Santen Pharmaceutical, China) administered
approximately 5min apart. Cycloplegic autorefraction was
measured 30min after the last drop using a desktop
autorefractor (KR-8800, Topcon Corporation, Tokyo, Ja-
pan). 1ree readings, 0.25D or less apart, in both spherical
and cylindrical components were averaged. Cycloplegic
retinoscopy was then performed by an experienced op-
tometrist, and BCVA was measured using the tumbling E
Early Treatment Diabetic Retinopathy Study charts (LCD
backlit lamp, WH0701, Guangzhou XieyiWeishikang,
Guangzhou, China) at a distance of 4m and converted to the
logarithm of the minimum angle of resolution (logMAR)
scale. Before cycloplegia, AL was measured with IOL Master
(version 5, Carl Zeiss Meditec, Oberkochen, Germany).
Pupil size was measured with an autorefractor (ARK-510A,
Nidek, Tokyo, Japan), and at least three readings (with a
range of 0.5mm) were recorded and averaged. Near BCVA,
near stereoacuity, and accommodation were tested with
best-corrected distance spectacle correction within 1 week of
cycloplegia. At least three repetitive examinations were
conducted, and the best result was recorded. Near BCVA
was assessed with a reduced logMAR reading chart at 40 cm
under well-lit conditions. Near stereoacuity was measured
using a random-dot stereogram (RDS, Stereo Optical,
Chicago, IL, USA) at 40 cm. 1e value was converted to log
seconds of arc for analysis, and nil stereoacuity was arbi-
trarily assigned a value of 4 log seconds of arc. 1e ac-
commodative responses were measured monocularly and
binocularly. Participants were instructed to look at a cross-
shaped target at the 3D position (33 cm) and keep it as clear
as possible. Accommodative demand was then increased
sequentially in 0.25D steps by adding minus lenses on top of
the subjective refractive correction of the viewing eye until
the linear gap in the target became “extremely blurry” and
could not be cleared by the participant. At the first noticeable
blur point, the participant was asked to try with maximal
accommodation expended. AA was calculated as the amount
of minus lens power plus the dioptric power of the test
distance (3.00D). 1e monocular and binocular AF were
measured with a ±2.00D flipper at a distance of 40 cm. 1e
participant was instructed to report as soon as a target was
clear, and then the lens was flipped to the opposite power.
1e number of flips per minute was recorded and converted
to cycles per minute, with one cycle equivalent to recog-
nizing the target through the −2.0D lens then the +2.00D
lens. IOP was measured with noncontact tonometry (NT-
1000, Nidek, Tokyo, Japan).

At 3-month visit, the Chinese version of the atropine
questionnaire (http://www.pedig.net) was administered to
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parents or legal guardian to assess the impact of atropine eye
drops on children and their family.

2.1. Statistical Analysis. Based on a previous study [7] and
our pilot study, atropine 0.01% caused a clinically significant
50% reduction in myopia progression, with a mean (SD) of
0.5 (0.6) D in the atropine group and 1.0 (0.6)D in the
control group over 1 year.1e sample size of 63 was required
to ensure 80% power with a type I error of 0.05, assuming no
more than 20% loss to follow-up in an allocation of 3 : 2. At a
regular meeting in July, 2018, the Data and Safety Moni-
toring Committee suggested stopping the study early to
avoid the faster progression of myopia in the control group.
1e participants in the control group with SE progression of
≥0.5D at 6-month visit were recommended to receive at-
ropine 0.01%.

All analyses included only those participants who
completed 6-month follow-up. 1e primary outcomes in-
clude changes in the amplitude and facility of accommo-
dation, pupil diameter, distant and near BCVA, and near
stereoacuity. 1e secondary outcome was myopia progres-
sion from baseline to 6 months.

A change in a parameter was defined as the difference
between the baseline value and the corresponding follow-up
value. A χ2 test and Fisher’s exact test were used to test the
group differences in categorical data. A two-sample t-test or
the Mann–Whitney U test was used to test the group dif-
ferences in continuous data. Both eyes of the same partic-
ipant were pooled in a combined analysis using a generalized
estimating equation with robust standard errors to adjust the
correlation between eyes [16]. A repeated-measure analysis
was performed for the longitudinal data on ophthalmic
parameters between groups. A statistical significance level of
0.05 was used throughout the analysis. All statistical tests
were performed with STATA 13.0 (College Station, TX,
USA).

3. Results

Between July 2017 and July 2018, a total of 70 participants
were assessed for their eligibility, and 63 participants were
finally recruited to the study: 38 participants were allocated
to the atropine group (atropine 0.01% with regular single-
vision lenses) and 25 to the control group (regular single-
vision lenses only) (Figure 1). 1e baseline characteristics

were similar in the two groups (Table 2). One participant in
each group withdrew before 6-month visit.

3.1. Changes in Accommodation Functions, Pupil Diameter,
and IOP. Monocular AA in the atropine group improved
slightly from 9.2± 2.2 to 9.7± 2.2D (P � 0.13) after 3
months and remained at 9.8± 2.1D to the end of the follow-
up visits (P � 0.03). For the control group, monocular AA
increased from 9.3± 2.9D at baseline to 10.0± 2.4D
(P � 0.03) at 3-month visit and decreased to 9.8± 2.2D at 6-
month visit (P � 0.14).1ere was no significant difference in
the mean change in monocular AA between the two groups.
From baseline to 6-month visit, binocular AA was slightly
reduced in the atropine group (from 7.2± 1.9D to
7.0± 1.9D, P � 0.86), and slightly increased in the control
group (from 7.3± 2.4D to 7.4± 1.7D, P � 0.44). Similarly,
the change in binocular AA did not differ significantly
between the two groups (Table 3 and Figure 2).

Monocular AF improved significantly after 6 months in
both groups (from 10.6± 3.0 to 14.8± 3.6 cpm in the at-
ropine group, from 10.5± 3.6 to 16.2± 4.0 cpm in the
control group, both P< 0.001). 1e mean change in
monocular AF was larger in the control group than in the
atropine group at both 3-month visit (P< 0.01) and 6-
month visit (P � 0.03). 1ere was also significant increase
in binocular AF in both groups over time (from 8.7± 3.2 to
12.8 ± 3.9 cpm in the atropine group, from 8.9 ± 3.7 to
14.0 ± 4.5 cpm in the control group, both P< 0.001).
However, the mean change in binocular AF was signifi-
cantly larger in the control group than in the atropine
group only at 3-month visit (P � 0.03) (Table 3 and Fig-
ure 3). Given the large number of comparisons on a set of
data in the present study, the difference of mean change of
both monocular and binocular AF only reached a bor-
derline significance at 6-month visit.

After treatment, a statistically significant increase in the
pupil diameter was observed in the atropine group
(P< 0.001), with an average diameter of 6.2mm (95% CI:
6.0–6.5mm) at baseline increasing to 7.0mm (95% CI:
6.8–7.1mm) at 6-month visit (Table 3). 1e pupil diameter
remained stable in the control group over time. Compared
with the control group, the atropine-treated children
showed a significantly larger increase in the pupil diameter
at both 3-month visit (P< 0.01) and 6-month visit
(P � 0.01).

Table 1: Eligibility criteria for the study.
Children aged 6 to 14 years
Refractive error of spherical equivalent between −0.50D and −6.00D†‡

Astigmatism of −2.50D or less†

Best-corrected visual acuity of logMAR 0.1 or better in both eyes
No history of other ocular diseases (i.e., amblyopia, strabismus, cataract, glaucoma, and congenital retinal diseases)
In good general health with no history of significant cardiac, respiratory, or endocrine diseases
No allergy to atropine, tropicamide, and cyclopentolate
No current or previous use of atropine or pirenzepine, contact lenses, or other forms of treatment that might affect myopia progression
Willing to comply with the allocated treatment and follow-up schedule
logMAR� logarithm of the minimum angle of resolution. †Refraction was measured with cycloplegicretinoscopy. ‡Refractive error of the spherical equivalent
was defined as spherical refraction plus half the cylinder refraction.
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1e IOP of the atropine group was not affected by at-
ropine use over time (from 16.4± 2.8 to 16.2± 2.6mmHg,
P � 0.44). 1e mean changes in IOP were similar in the two
groups (between-group 3 months: P � 0.37; 6 months:
P � 0.52) (Table 3).

3.2. Changes in Distant and Near BCVA, Near Stereoacuity,
and Vision-Related Activities. Near BCVA, distant BCVA,
and near stereoacuity in the two groups remained stable
during follow-up (P> 0.05) (Table 3). And the mean changes
in near BCVA, distant BCVA, and near stereoacuity were
similar between the two groups at both follow-up visits.
Near-work problems were not reported frequently, with only
two children (5.3%) complaining of difficulty in writing,
coloring, or drawing. No difficulties in participating in
outdoors activities, such as running, jumping, or riding, or
allergic reaction were reported. However, 11 parents (28.9%)
expressed concerns about the side effects related to atropine
eye drops.

3.3. Changes in SE and AL. At 6 months, statistically signif-
icant progression of myopia was observed in both groups (both
P< 0.001). 1e participants in the control group showed
greater progression than those in the atropine group (Table 3).
Of the participants in the atropine group, 59.4% progressed by
<0.5D, compared with 31.9% in the control group, whereas
6.3% in the atropine group progressed by ≥1.0D, compared
with 21.3% in the control group (P< 0.002) (Figure 4).

A statistically significant increase in AL was detected in
both groups from baseline to 6-month visit (both P< 0.001),
and the changes in AL in the control group were larger than
those in the atropine group (Table 3).

4. Discussion

Atropine has been considered as the treatment most likely to
slow myopia progression [17]. However, its adverse effects
make the long-term use of atropine 1% impractical, despite
its confirmed efficacy [18].1e concentration of atropine has

Randomized
(n = 63)

Assessed for eligibility 
(n = 70)

Atropine 0.01% +
single vision lenses

(n = 38)

Single vision lenses
(n = 25)

Lost of follow-up
by 3mo (n = 0)

End point analyzed
(n = 37)

End point analyzed
(n = 24)

Lost of follow-up
at 6mo (n = 0)

Excluded (n = 7):
History of asthma (n = 2)
History of strabismus (n = 2)
Previous use of atropine (n = 2)
Astigmatism of more that 2.5 D
(n = 1)

(i)
(ii)

(iii)
(iv)

Lost of follow-up
by 3mo (n = 1):

Lost of follow-up
at 6mo (n = 1):

(i) Withdrawn on own account (n = 1)

(i) Withdrawn on own account (n = 1)

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) flow diagram. D� diopter.
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been modified to limit its side effects while trying to
maintain its benefits [19, 20].

1e effects of atropine 0.01% on AA were slightly in-
consistent among different studies. In the last phase of the
ATOM 2 study, all children with myopia progression of
≥0.50D in the washout year were restarted on atropine 0.01%
for further 24 months [21]. 1e loss of AA of 2.54D during
the retreatment was smaller than the change noted in eyes
treated with atropine 0.01% during the first phase (−4.6D)
although it was also considered clinically insignificant and
recovered to level similar to those in untreated children at 2-
month visit after stopping atropine 0.01%. In the LAMP
study, the atropine 0.01% group hadminimal accommodation
loss similar to the placebo group (−0.26± 3.04 vs.
−0.32± 2.91D/year, P � 0.89). Direct comparison of our
study with the other two studies should be made with caution
because AA was calculated as the inverse of the near point of
accommodation in the ATOM 2 study and the LAMP study.
Compared with the minus lens method used in our study, the
push-up method used in those studies is more likely to be
affected by the eye’s depth of focus, reaction time, and in-
strumentation errors [22]. In our study, three children in the
treatment group complained of blurred near vision in the first
1-2 weeks. It was speculated that AA may be reduced at an
early stage and then recovered within 3 months. 1e early
evaluation of AA would help us understand the effect of
atropine 0.01% on AA more precisely.

Few previous studies have provided measurement of AF,
which should also be affected by accommodative paresis. AF
was tested to evaluate the ability of the eye to alter its

accommodation rapidly and accurately. Allen and O’Leary
reported that AF was the main independent predictor of
myopia progression, and lower facility rates were associated
with increased myopia progression [9]. In contrast, AF
improved significantly over time in our study, and the
control group showed even greater improvement than the
atropine 0.01% group at 3-month visit. However, the AF
measurement is subjective, depending on the speed of the
response. 1erefore, there is no guarantee that different
participants use the same criteria of clarity or the same
response speed to initiate the alternation of the lens. AF
could also be improved by repeating the same test procedure
at every follow-up visit. 1is suggests that using simple
clinical measurement of subjective AF as an indicator of
accommodation status may be misleading [23].

A relatively small dilation of the pupil was observed
during the treatment. 1e varying degrees of pupil dilation
observed in different studies could be attributed to different
methods under different lighting conditions during mea-
surement, which makes direct comparisons difficult.
However, routine vision-related activities were not affected
by atropine 0.01% in this study, despite the enlarged pupil.

Near stereoacuity was not reduced in the atropine group,
which means that the binocular cooperation between the
eyes and the visual acuity of each eye were preserved well in
this study. 1ere was no significant atropine-induced in-
crease in IOP. A retrospective cross-sectional study also
found that neither the treatment duration nor the cumu-
lative dose of atropine was statistically significantly associ-
ated with IOP [24].

Table 2: Baseline characteristics of the children in the two study groups.

Atropine group Control group
P valueMean (SD), n� 38 Mean (SD), n� 25

Age (yr) 8.7 (1.6) 8.7 (1.8) 0.89
Female, n (%) 19 (50.0) 11 (44.0) 0.64
Spherical equivalent (D) −1.94 (1.17) −1.78 (1.15) 0.39
Axial length (mm) 24.21 (0.90) 24.33 (0.64) 0.12
Near BCVA (logMAR) 0.00 (0.00) 0.00 (0.00) —
Distant BCVA (logMAR) 0.01 (0.02) 0.00 (0.01) 0.70
Age at wearing spectacle (yr) 8.2 (1.7) 7.6 (1.7) 0.23
Paternal myopia status, n (%)
No myopia 8 (21.1) 2 (8.0)
SE＜ 6.0D 23 (60.5) 16 (64.0) 0.32
SE≥ 6.0D 7 (18.4) 7 (28.0)

Maternal myopia status, n (%)
No myopia 7 (18.4) 6 (24.0) 0.74
SE＜ 6.0D 22 (57.9) 12 (48.0)
SE≥ 6.0D 9 (23.7) 7 (28.0)

Accommodation amplitude (D)
Monocular 9.3 (2.2) 9.3 (2.8) 0.73
Binocular 7.4 (2.2) 7.3 (2.3) 0.63

Accommodation facility (cpm)
Monocular 10.6 (2.9) 10.9 (4.0) 0.87
Binocular 8.7 (3.2) 9.2 (4.0) 0.54

Pupil diameter (mm) 6.3 (1.0) 6.3 (1.1) 0.54
Near stereoacuity (log (seconds of arc)) 1.4 (0.2) 1.4 (0.1) 0.17
Intraocular pressure (mmHg) 16.5 (2.8) 15.4 (3.1) 0.05
D� diopter; BCVA� best-corrected visual acuity; logMAR� logarithm of the minimum angle of resolution; cpm� cycles per minute.
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1e ATOM 2 study confirmed the efficacy of atropine
0.01% with a significantly lower myopia progression rate of
−0.49± 0.63D/2 years than that in the placebo group in the
ATOM1 study (−1.20± 0.69D/2 years) [7].1e LAMP study
showed that the change in SE in the atropine 0.01% group
was −0.59± 0.61D over 1 year [8]. In the present study,
atropine 0.01% effectively reduced myopia progression of
−0.30± 0.42D/6 months (a reduction of 50% compared with
the control group). 1e efficacy of atropine 0.01% in our
study appears to be less than that in the ATOM 2 study but
similar to that in the LAMP study. It was noted in the ATOM
2 study that participants in the atropine 0.01% group pro-
gressed by −0.43D after the first year, but the myopia
progression rate then slowed significantly in the second year,
with only 0.06D progression. A long follow-up period is
required to identify the possible cumulative efficacy of at-
ropine 0.01%.

1e control of axial elongation has been considered
crucial in preventing myopia progression, with a strong
correlation between AL and refractive status. In our study,

the increase in AL was 0.24± 0.16mm after administration
of atropine 0.01% for 6 months, which was a reduction of
31% compared with the control group. 1e progression of
AL in the LAMP study was 0.36± 0.29mm/year (a reduction
of 12%). A 1mm increase in AL was equivalent to myopia
progression of −1.25D in our study compared with −1.64D/
mm in the LAMP study. Each component of the visual
system interacts closely with other components during the
myopic process [25]. For instance, lens thinning appears to
compensate for the increase in AL during normal eye
growth. In myopic individuals, the thickness and power of
the lens decrease further to compensate for the extra increase
in AL [26]. Whether these lens changes explain, even partly,
the efficacy of atropine 0.01% in retarding SE progression
and whether this is an active or a passive process will be
assessed in our future research.

Our study confirmed the efficacy and safety of atropine
0.01% eye drops. However, some children showed subop-
timal or no response to atropine 0.01%. Alternative treat-
ment options, such as the twice-daily application of atropine

Table 3: Ophthalmological parameters at follow-up visits†.

Atropine group Control group
P valueMean (SD), n� 37 Mean (SD), n� 24

Spherical equivalent (D)
Mean change over 6mos −0.30 (0.42) −0.60 (0.43) ＜0.001∗

Axial length (mm)
Mean change over 3mos 0.12 (0.12) 0.19 (0.14) 0.004∗
Mean change over 6mos 0.24 (0.16) 0.35 (0.20) 0.001∗

Accommodation amplitude (D)
Monocular
Mean change over 3mos 0.5 (2.7) 0.7 (2.1) 0.75
Mean change over 6mos 0.6 (2.2) 0.5 (2.3) 0.80

Binocular
Mean change over 3mos 0.1 (2.1) 0.3 (1.8) 0.62
Mean change over 6mos −0.2 (1.9) 0.1 (2.3) 0.57

Accommodation facility (cpm)
Monocular
Mean change over 3mos 2.0 (3.3) 3.7 (3.0) <0.01∗
Mean change over 6mos 4.2 (4.0) 5.7 (3.6) 0.03∗

Binocular
Mean change over 3mos 1.7 (3.6) 3.5 (3.1) 0.03∗
Mean change over 6mos 4.0 (4.0) 5.0 (3.5) 0.29

Pupil diameter (mm)
Mean change over 3mos 0.8 (0.7) −0.1 (0.5) <0.01∗
Mean change over 6mos 0.7 (0.7) 0.1 (0.5) 0.01∗

Near BCVA (logMAR)
Mean change over 3mos 0.00 (0.00) 0 (0.00) -
Mean change over 6mos 0.00 (0.00) 0 (0.00) -

Distant BCVA (logMAR)
Mean change over 3mos −0.01 (0.02) −0.00 (0.01) 0.62
Mean change over 6mos −0.00 (0.02) −0.00 (0.02) 0.57

Near stereoacuity (log (seconds of arc))
Mean change over 3mos 0.0 (0.2) 0.0 (0.1) 0.22
Mean change over 6mos 0.0 (0.2) 0.0 (0.1) 0.82

Intraocular pressure (mmHg)
Mean change over 3mos 0.6 (2.5) 0.2 (2.0) 0.37
Mean change over 6mos −0.3 (2.8) 0.1 (2.6) 0.52

D� diopter; BCVA� best-corrected visual acuity; logMAR� logarithm of the minimum angle of resolution; cpm� cycles per minute. †Repeated-measure
analyses were performed for the ophthalmic parameters, with treatment group, time, and the interaction between time and group included in the model.
∗Significant at 0.05.
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0.01% or a once-weekly application of high-concentration
atropine (0.5% or 1.0%) could be considered for these
children. More randomized clinical trials should be con-
ducted to determine which child would most benefit from
topical atropine treatment (in terms of age, myopic status,
and other risk factors), when atropine treatment should be
started and stopped, and the length of treatment (long-term
effectiveness and safety). Moreover, identifying the specific
site of action of atropine may allow more targeted therapy
with fewer adverse effects in the future.

1e strength of our study is that it provides a much more
detailed side-effect profile of atropine 0.01%. Nevertheless,

several limitations of the study must be acknowledged. First,
it was a single-center study with a relatively small sample
size, thereby reducing the power of the statistical tests.
Second, the intended 1-year follow-up was reduced because
of the greater progression of myopia in the control group.
1erefore, the long-term efficacy and safety of atropine
0.01% were not assessed well. 1ird, the indicators of ac-
commodation were subjective, which may have biased the
results.

5. Conclusion

1e eye drops containing atropine 0.01% used in this study
significantly increased pupil diameter less than one mm,
while routine vision-related activities were not affected
despite the enlarged pupil. Besides, the accommodative
functions, BCVA, near stereoacuity, and IOP were not af-
fected by administration of atropine 0.01%. Combined with
its reducing myopia progression, atropine 0.01% can be used
as a safe and effective treatment for myopia in Chinese
children.
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Figure 2: Mean and SE of AA in the atropine and control groups at
baseline and follow-up visits. 1ere was no significant difference in
monocular and binocular AA between the two groups at two
follow-up visits. SE� standard error; AA� accommodation am-
plitude; D� diopter.
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Figure 3: Mean and SE of AF in the atropine and control groups at
baseline and follow-up visits. 1ere was significant difference in
both monocular and binocular AF between the two groups at 3-
month visit. SE� standard error; AF� accommodation facility;
cpm� cycles per minute.
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Figure 4: Distribution of myopic progression in the atropine and
control groups at 6-month follow-up. In the atropine group, 59.4%,
34.3%, and 6.3% participants progressed by <0.5D, 0.5–0.99D, and
≥1.0D, respectively. In comparison, 31.9%, 46.8%, and 21.3%
participants in the control group progressed by <0.5D, 0.5–0.99D,
and ≥1.0D, respectively. D� diopter.
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