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ABSTRACT

Introduction: The purpose of this study was to
investigate the efficacy and safety of consecu-
tive use of 1% and 0.01% atropine compared
with 0.01% atropine alone over 1 year.
Methods: A total of 207 participants aged 6–-
12 years with myopia of - 0.50 to - 6.00 D in
both eyes were enrolled in this randomized,
controlled, non-masked trial and randomly

assigned (1:1) to groups A and B. Group A
received 1% atropine weekly and were tapered
to 0.01% atropine daily at the 6-month visit,
and group B received 0.01% atropine daily for
1 year.
Results: Of the 207 participants, 109 were
female (52.7%) and the mean (± standard
deviation) age was 8.92 ± 1.61 years. Ninety-
one participants (87.5%) in group A and 80
participants (77.7%) in group B completed the
1-year treatment. Group A exhibited less
refraction progression (- 0.53 ± 0.49 D vs.
- 0.74 ± 0.52 D; P = 0.01) and axial elongation
(0.26 ± 0.17 mm vs. 0.36 ± 0.21 mm;
P\ 0.001) over 1 year compared with group B.
The changes in refraction (- 0.82 ± 0.45 D vs.
- 0.46 ± 0.35 D; P\ 0.001) and axial length
(0.29 ± 0.12 mm vs. 0.17 ± 0.11 mm;
P\ 0.001) during the second 6 months in
group A were greater than those in group B,
with 72.5% of participants presenting refraction
rebound. No serious adverse events were
reported.
Conclusions: The 1-year results preliminarily
suggest that consecutive use of 1% and 0.01%
atropine confers an overall better effect in
slowing myopia progression than 0.01% atro-
pine alone, despite myopia rebound after the
concentration switch. Both regimens were well
tolerated. The long-term efficacy and rebound
after the concentration switch and regimen
optimization warrant future studies to
determine.
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PRS (Registration No. NCT03949101).
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Key Summary Points

Consecutive use of 1% and 0.01% atropine
confers an overall better effect in slowing
refraction progression and axial
elongation than 0.01% atropine alone
over 1 year.

Consecutive use of 1% and 0.01% atropine
leads to myopia rebound after the
concentration switch.

Both regimens are tolerated.

The long-term efficacy and rebound after
the concentration switch and regimen
optimization warrant future studies to
determine.

INTRODUCTION

Myopia has attracted public attention as a result
of its rapidly rising trend [1]. Irreversible dam-
age to visual acuity (VA) occurs once myopic
maculopathy develops and progresses [2].
Atropine is an emerging therapy for myopia
control; however, the optimal concentration
and treatment strategy are yet to be defined.
The efficacy, side effects, and rebound after
atropine cessation occur in a dose-dependent
manner, raising questions about the optimal
balance between efficacy and safety [3–5]. Low-
dose atropine has attracted widespread atten-
tion owing to its promising treatment-to-side
effect ratio. However, the optimal concentra-
tion of atropine remains controversial, with
0.01% atropine being suggested in the Atropine
for the Treatment of Myopia 2 (ATOM2) study
[4] and 0.05% atropine being suggested in the
Low-concentration Atropine for Myopia Pro-
gression (LAMP) study [6]. Reducing the

frequency of 1% atropine has been proposed to
render fewer side effects (discomfort, 1.2%; near
blurred vision, 0.6%) [7] than daily use (dis-
comfort, 4.5%; near blurred vision, 1.0%) [4]. In
the first 6-month results of the Atropine for
Children and Adolescent Myopia Progression
(ACAMP) study, participants treated with
weekly 1% atropine presented less myopia pro-
gression than those treated with daily 0.01%
atropine, with endurable side effects [8]. In an
attempt to further reduce the side effects, chil-
dren who originally received 1% atropine were
switched to 0.01% atropine daily for a further
6 months.

Previous studies have reported myopia
rebound after cessation of moderate-to-high
concentrations of atropine (0.1–1%) with daily
use [3, 9, 10], which was prevented by tapering
the dosage [11, 12]. However, it remains unclear
whether reducing the frequency of 1% atropine
to once per week (which is close to the atropine
concentration of daily 0.1%) and subsequently
tapering the dose to 0.01% would alleviate
myopia rebound. Our previous study has
demonstrated a reduction in lens power after
using 1% atropine, which was closely associated
with the change in spherical equivalent (SE)
[13]. However, how lens power changes after
cessation of 1% atropine and its correlation
with myopia rebound remain to be
investigated.

We conducted the ACAMP study to explore
the efficacy and safety of consecutive use of 1%
and 0.01% atropine over 1 year compared with
0.01% atropine alone. We also explored myopia
rebound after switching from weekly 1% atro-
pine to daily 0.01% atropine.

METHODS

Study Participants

The ACAMP study was conducted from May
2019 to August 2020 at the Shanghai Eye Dis-
ease Prevention and Treatment Centre, China.
The study design has been previously described
[8]. In brief, 207 children aged 6 to 12 years with
myopic refraction of at least - 0.5 diopter
(D) and astigmatism of less than - 2.0 D in both
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eyes were enrolled in this randomized clinical
trial. After exclusion of those with ocular dis-
eases or severe systemic diseases, previous use of
myopia interventions such as atropine, piren-
zepine, or orthokeratology lens, or allergy to
atropine and cyclopentolate, children were
randomly assigned to two treatment groups in a
ratio of 1:1: group A received 1% atropine sul-
fate eye gel (Dishan, Shenyang Xingqi Eye
Hospital Co., Ltd. Shenyang, China) once
weekly in both eyes for 6 months (starting with
1-week loading dose: 1% atropine once daily in
both eyes) and were switched to 0.01% atropine
(Myopine, Shenyang Xingqi Eye Hospital Co.,
Ltd. Shenyang, China) once nightly in both
eyes for another 6 months; group B received
0.01% atropine sulfate eyedrops once nightly in
both eyes throughout 1 year. All participants
were followed at 1, 12, 24, and 48 weeks. On
account of COVID-19 pandemic, 36-week fol-
low-up visit was canceled, and 48-week follow-
up visits were delayed by 3–4 weeks in 16 par-
ticipants (9.4%).

Written informed consent forms were
obtained from the participants and their par-
ents or guardians. The study protocol was
approved by the Ethics Committee of Shanghai
General People’s Hospital, Shanghai, China
(Approval number 201939), and registered at
the Clinical Trials.gov PRS (Registration No.
NCT03949101). All procedures were conducted
in accordance with the tenets of the Declaration
of Helsinki.

Sample Size

The sample size calculation of ACAMP study has
been previously described [8]. Briefly, the esti-
mated myopia progression rate for group A was
assumed to be - 0.37 D/year, which was aver-
aged from the myopia progression rate for daily
0.1% atropine in the ATOM2 study (which was
close to an atropine concentration of weekly 1%
atropine, - 0.31 ± 0.50 D/year) [4] and 75% of
the myopia progression rate for daily 0.01%
atropine in the LAMP study (- 0.59 ± 0.61 D/
year) [5]. The estimated myopia progression rate
for group B was set to - 0.59 D/year based on
the result of daily 0.01% atropine in the LAMP

study [5]. The within-group standard deviation
was assumed to be 0.6 D [5]. To detect a mean
difference of at least 0.5 D between treatment
groups [5], 158 participants (79 per group) could
achieve 90% power at a significance level of
0.05. By factoring in an attrition rate of 20%,
this study required 198 subjects (99 per group).

Randomization

Eligible participants were randomly allocated to
two treatment groups (1:1) on the basis of
computer-generated randomization sequences
with a block of six by a statistician using Sta-
tistical Analysis System (v. 9.3; SAS Institute,
Cary, NC, USA), according to the priority order
the children completed the baseline examina-
tion. Masking could not be carried out in this
study because of the different usage between
two treatment groups.

Study Procedures

Examination procedures were performed by
fixed optometrists who were masked to treat-
ment groups, as previously described [8]. Briefly,
ophthalmic parameters collected at each visit
included intraocular pressure using a non-con-
tact tonometry (NT-1000; Nidek, Tokyo, Japan),
best-corrected distance VA in the logarithm of
the minimum angle of resolution, near VA
under best-corrected distance spectacle correc-
tion at 40 cm, and near point of accommoda-
tion with best-corrected distance spectacle
correction. The accommodation amplitude was
calculated as the inverse of the near point of
accommodation. After exclusion of the contra-
dictions of cycloplegia, one drop of topical 0.5%
proparacaine (Alcaine; Alcon, Fort Worth, TX,
USA) was administered in both eyes, followed
by two drops of 1% cyclopentolate (Cyclogyl;
Alcon, Fort Worth, TX, USA) at a 5-min interval.
A third drop of cyclopentolate was given 45 min
later if the pupillary light reflex was still present
or the pupil size was less than 6.0 mm. Further
drops of cyclopentolate were administered if
necessary. Autorefraction was performed using
an autorefractor (Topcon KR 800; Optical Corp.,
Guangdong, China). Axial length (AL), anterior
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chamber depth, lens thickness, central corneal
thickness, corneal power, and pupil size were
measured using an IOL-Master 700 (Carl Zeiss
Meditec AG, Jena, Germany).

Parents or guardians were in charge of drug
administration and were required to keep
medication diaries. The compliance level was
classified according to the mean number of
atropine uses per week. Participants with a
medication adherence percentage of 80% or
greater (i.e., 5.6 days/week) were considered to
have good compliance and were included in the
analysis [14]. Photochromatic glasses and pres-
byopic glasses (reading add) were provided if
children experienced glare or had difficulty
with near vision. Children and parents were free
to report any other side effects, illness, and
hospitalization during treatment. Any adverse
events, regardless of whether they were related
to the use of atropine, were documented.

Outcomes

The primary outcome was the change in SE over
1 year. The secondary outcomes included the
changes in AL and lens power over 1 year; the
changes in SE, AL, and lens power during the
second 6 months; parameters associated with
side effects such as the changes in accommo-
dation amplitude, pupil size, distance VA, and
near VA over 1 year and during the second
6 months. SE was calculated as the spherical
power plus half of the cylindrical power. The
lens power was calculated using Bennett’s
equation [15]. Participants with spherical
equivalent progression at least - 0.5 D over
1 year were defined as progressors; otherwise,
nonprogressors.

Statistical Analysis

All data were analyzed on the basis of the
intention-to-treat principle. The baseline char-
acteristics were described as mean ± standard
deviation or proportion. Changes in ocular
parameters were calculated by the difference
between the baseline visit and the designated
follow-up visit. Chi-squared test was used to test
the group differences in categorical data and

Student’s t test for continuous data. The differ-
ences in ocular parameters between the baseline
and each follow-up visit were analyzed using
the paired t test. A generalized estimating
equation model with robust standard errors for
longitudinal data analysis was used to compare
the different changes in ocular parameters over
time with adjustment for age and sex,
accounting for repeated measurements [16]. To
explore the potential risk factors for progressors
over 1 year in both groups and for spherical
equivalent rebound during the second
6 months in group A, multiple log-binomial
regression analysis was performed. Statistical
analyses were performed using Statistical Anal-
ysis System. A two-sided P value less than 0.05
was considered statistically significant. Since
the SE (r = 0.87, P\ 0.001), AL (r = 0.97,
P\ 0.001), and lens power (r = 0.92, P\ 0.001)
of the right and left eyes at baseline were highly
correlated; only the right eyes were involved in
the analysis.

RESULTS

General Characteristics of Participants

Between March 2019 and April 2020, a total of
240 children were initially assessed. Sixteen of
them did not meet the inclusion criteria, 12 had
a history of atropine use, and 5 declined to
participate. Thus, 207 children were enrolled
and randomized into groups A and B (Fig. 1).
There was no significant difference between the
two groups in terms of demographics, ocular
parameters, and parental myopia (Table 1).
Finally, 91 participants (87.5%) in group A and
80 participants (77.7%) in group B completed
1 year of treatment with good compliance
(Fig. 1), with no significant difference in the
dropout rate between the two groups (P = 0.07).
The baseline characteristics of these 171 partic-
ipants and of the 36 participants who did not
complete 1 year of follow-up were similar
(Table 1).
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Changes in SE, AL, and Lens Power Over
1 Year

At the end of 1 year, group A presented less
refraction progression (- 0.53 ± 0.49 D) and
axial elongation (0.26 ± 0.17 mm) than
group B (- 0.74 ± 0.52 D and 0.36 ± 0.21 mm,
respectively) (both P\0.05; Table 2, Fig. 2, and
Supplementary Table 1). Over 1 year, 15.3% of
the participants presented no SE progression,
25.3% of the participants progressed less than
0.5 D, 40.7% progressed between 0.5 and 1.0 D,
and 18.7% progressed at least 1.0 D in group A.
In group B, the progression rates were 5.0%,
26.3%, 32.5%, and 36.2%, respectively (Fig. 3).
The mean 1-year change in lens power in
group A (- 0.22 ± 0.43 D) was significantly

lower than that in group B (- 0.35 ± 0.38 D;
P = 0.03; Table 2, Fig. 2, and Supplementary
Table 1).

Comparisons of participants’ demographics
and ocular parameters between nonprogressors
and progressors were performed in each group
(Supplementary Table 2). Nonprogressors were
significantly older than progressors in group A
and group B (both P\0.05), while other base-
line characteristics did not differ significantly
between the two groups. In multiple log-bino-
mial regression analyses, there was a 15% lower
risk of being progressors with every year of
increasing age in both groups (group A: relative
risk [RR] 0.854, 95% confidence interval [CI]
0.758 to 0.964; group B: RR 0.855, 95% CI 0.850
to 0.955]; both P\0.05; Supplementary
Table 3).

Fig. 1 Flowchart of the Atropine for Children and Adolescent Myopia Progression study
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Table 1 Baseline demographic characteristics and ocular parameters for all participants and for those who completed and
did not complete 1 year of treatment

Variables Total (n = 207) Completed 1 year
(n = 171)

Did not complete
1 year (n = 36)

P value�

Group A
(n = 104)

Group B
(n = 103)

P value* Group A
(n = 91)

Group B
(n = 80)

Group A
(n = 13)

Group B
(n = 23)

Age (years) 8.98 (1.57) 8.88 (1.71) 0.67 8.97

(1.57)

8.89

(1.67)

9.00

(1.71)

8.78

(1.70)

0.82

Male gender,

n (%)

49 (47.1) 49 (47.6) 0.84 47 (51.6) 40 (50.0) 2 (15.4) 9 (39.1) 0.13

Body mass index

(kg/m2)

17.03 (2.71) 16.75 (2.63) 0.53 17.02

(2.69)

16.79

(2.56)

17.11

(2.89)

16.63

(2.89)

0.83

Spherical

equivalent (D)

- 2.11 (1.10) - 2.13 (1.10) 0.92 - 2.10

(1.10)

- 2.20

(1.13)

- 2.13

(0.82)

- 1.86

(0.94)

0.34

Axial length

(mm)

24.32 (0.81) 24.25 (0.72) 0.45 24.32

(0.83)

24.26

(0.74)

24.31

(0.71)

24.21

(0.66)

0.77

Lens power (D) 22.30 (1.64) 22.28 (1.19) 0.94 22.30

(1.64)

22.28

(1.19)

22.67

(1.45)

22.09

(1.35)

0.99

Anterior chamber

depth (mm)

3.81 (0.21) 3.81 (0.18) 0.99 3.81

(0.22)

3.81

(0.18)

3.79

(0.09)

3.80

(0.19)

0.67

Central corneal

thickness (lm)

551 (36) 550 (33) 0.84 552 (37) 550 (33) 545 (23) 549 (30) 0.57

Lens thickness

(mm)

3.35 (0.15) 3.32 (0.14) 0.24 3.35

(0.15)

3.33

(0.14)

3.33

(0.13)

3.31

(0.15)

0.49

Corneal power

(D)

43.36 (1.27) 43.59 (1.39) 0.20 43.39

(1.25)

43.62

(1.42)

43.13

(1.42)

39.63

(1.57)

0.13

Intraocular

pressure

(mmHg)

14.92 (2.60) 14.26 (2.25) 0.06 14.90

(2.67)

14.20

(2.22)

15.08

(2.10)

14.35

(2.39)

0.93

Distance visual

acuity

(logMAR)

- 0.02 (0.04) - 0.03 (0.05) 0.10 - 0.02

(0.04)

- 0.03

(0.05)

- 0.00

(0.04)

- 0.02

(0.03)

0.10

Near visual acuity

(logMAR)

0.01 (0.04) 0.02 (0.04) 0.13 0.01

(0.04)

0.02

(0.04)

0.02

(0.04)

0.02

(0.04)

0.60

Pupil size (mm) 5.08 (1.12) 5.21 (0.85) 0.68 5.04

(1.10)

5.18

(0.83)

5.31

(1.00)

5.45

(1.02)

0.12

Accommodation

amplitude (D)

12.52 (3.21) 12.42 (3.36) 0.75 12.33

(3.01)

12.66

(3.56)

13.84

(4.15)

11.59

(2.44)

0.89
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Comparisons of Changes in SE, AL,
and Lens Power During Second 6 Months
Versus First 6 Months

In group A, greater changes in SE
(- 0.82 ± 0.45 D) and AL (0.29 ± 0.12 mm)
were found during the second 6 months com-
pared to the first 6 months (0.29 ± 0.36 D and
- 0.03 ± 12 mm, respectively; both P\0.001).
Most participants (74.7%) showed no SE pro-
gression during the first 6 months, whereas
most participants (81.3%) experienced SE pro-
gression of at least 0.50 D during the second
6 months. In group B, the change in SE
(- 0.46 ± 0.35 D) during the second 6 months
was greater than that during the first 6 months
(- 0.28 ± 0.34 D; P\0.001), whereas the AL
elongation was similar between two phases
(Table 2, Fig. 2, Supplementary Table 1). More
than one-third of participants presented SE
progression of at least 0.50 D during the second
6 months (42.5%), which was higher than that
during the first 6 months (28.7%; Fig. 3). Smal-
ler reductions in lens power (0.07 ± 0.33 D vs.
- 0.29 ± 0.44 D) were observed during the
second 6 months compared with the first
6 months in group A (P\0.001), while the
opposite result was found in group B
(- 0.24 ± 0.29 D vs. - 0.12 ± 0.38 D;
P\ 0.001). Compared with the 6- to 12-month
changes in group B, group A presented greater
SE progression, greater AL elongation, and a

smaller reduction in lens power (all P\ 0.001;
Table 2, Fig. 2, and Supplementary Table 1).

On the basis of the mean SE progression of
0.46 D in group B during the second 6 months,
SE progression of greater than 0.5 D when
switching from 1% atropine to 0.01% atropine
was defined as SE rebound in group A. In
group A, 66 participants (72.5%) who presented
with SE rebound during the second 6 months
were significantly younger and were more often
female than the 25 participants (27.5%) who
did not present with SE rebound. Other baseline
characteristics did not differ significantly
between the two groups (Supplementary
Table 4). Multiple log-binomial regression
analyses showed that the risk of SE rebound
decreased by 13% for every year of increasing
age (RR 0.871, 95% CI 0.870 to 0.884; P = 0.02)
and by 27% for male sex (RR 0.735, 95% CI
0.712 to 1.056; P = 0.04; Supplementary
Table 5).

Adverse Events and Changes in Associated
Ocular Parameters

In group A, the accommodation amplitude sig-
nificantly decreased over 1 year
(- 1.54 ± 2.94 D, P = 0.001), whereas pupil size
did not change significantly. Opposite changes
in accommodation amplitude and pupil size
were observed during the second 6 months
compared with during the first 6 months (both

Table 1 continued

Variables Total (n = 207) Completed 1 year
(n = 171)

Did not complete
1 year (n = 36)

P value�

Group A
(n = 104)

Group B
(n = 103)

P value* Group A
(n = 91)

Group B
(n = 80)

Group A
(n = 13)

Group B
(n = 23)

Parental myopia,

n (%)

92 (88.5) 91 (88.3) 0.58 80 (87.9) 71 (88.7) 12 (92.3) 17 (73.9) 0.67

Data are presented as mean (standard deviation) unless otherwise indicated
D diopter, logMAR logarithm of the minimum angle of resolution
*Comparison between the two groups enrolled in the study using Student’s t test for continuous data or chi-squared test for
categorical data
�Comparison between participants included the analysis and those excluded using Student’s t test for continuous data or
chi-squared test for categorical data
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Table 2 Comparisons between the first 6 months and the second 6 months in ophthalmic parameters

Variables Group A (n = 91) Group B (n = 80) P valueb

Mean (SD) Range Mean (SD) Range

Spherical equivalent (D)

Baseline to 12 months - 0.53 (0.49)a - 2.00 to 0.63 - 0.74 (0.52)a - 2.25 to 0.38 0.01

Baseline to 6 months 0.29 (0.36)a - 0.50 to 1.25 - 0.28 (0.34)a - 1.13 to 0.63 \ 0.001

6 to 12 months - 0.82 (0.45)a - 1.75 to 0.63 - 0.46 (0.35)a - 1.62 to 0.13 \ 0.001

P valuec \ 0.001 \ 0.001

Axial length (mm)

Baseline to 12 months 0.26 (0.17)a - 0.13 to 0.68 0.36 (0.21)a - 0.16 to 0.92 \ 0.001

Baseline to 6 months - 0.03 (0.12)a - 0.37 to 0.30 0.19 (0.12)a - 0.10 to 0.49 \ 0.001

6 to 12 months 0.29 (0.12)a - 0.01 to 0.64 0.17 (0.11)a - 0.15 to 0.50 \ 0.001

P valuec \ 0.001 0.35

Lens power (D)

Baseline to 12 months - 0.22 (0.43)a - 1.06 to 1.94 - 0.35 (0.38)a - 1.60 to 0.72 0.03

Baseline to 6 months - 0.29 (0.44)a - 1.98 to 1.06 - 0.12 (0.38)a - 1.25 to 0.85 0.01

6 to 12 months 0.07 (0.33)a - 0.76 to 1.52 - 0.24 (0.29)a - 1.12 to 0.63 \ 0.001

P valuec \ 0.001 0.048

Distance visual acuity (log MAR)

Baseline to 12 months 0.01 (0.04) - 0.10 to 0.10 0.00 (0.04) - 0.10 to 0.10 0.64

Baseline to 6 months - 0.01 (0.05) - 0.12 to 0.12 - 0.01 (0.06) - 0.12 to 0.12 0.78

6 to 12 months 0.02 (0.03) - 0.05 to 0.08 0.01 (0.03) - 0.08 to 0.08 0.27

P valuec 0.07 0.14

Near visual acuity (logMAR)

Baseline to 12 months - 0.01 (0.03) - 0.18 to 0.05 - 0.02 (0.04) - 0.15 to 0.05 0.24

Baseline to 6 months 0.01 (0.10) - 0.15 to 0.15 - 0.02 (0.04) - 0.15 to 0.10 0.13

6 to 12 months - 0.01 (0.03) 0.15 to 0.05 0.00 (0.01) - 0.10 to 0.05 0.35

P valuec 0.33 0.12

Pupil size (mm)

Baseline to 12 months - 0.22 (1.31) - 3.30 to 2.80 - 0.39 (1.01)a - 2.60 to 1.40 0.29

Baseline to 6 months 1.56 (1.07)a - 0.20 to 4.00 0.24 (1.06) - 1.40 to 2.80 \ 0.001

6 to 12 months - 1.78 (1.08)a - 4.30 to 0.80 - 0.64 (1.05)a - 2.60 to 2.10 \ 0.001

P valuec \ 0.001 \ 0.001

Accommodation amplitude (D)

Baseline to 12 months - 1.54 (2.94)a - 9.00 to 5.00 - 1.55 (3.11)a - 10.50 to 5.00 0.31

2204 Ophthalmol Ther (2022) 11:2197–2210



P\ 0.001). The changes in accommodation
amplitude (- 1.55 ± 3.11 D) and pupil size
(- 0.39 ± 1.01 mm) in group B were compara-
ble to those in group A. The distance VA and
near VA did not change significantly over 1 year
in either group (Table 2 and Supplementary
Table 5).

At the 1-year visit, 1.1% and 2.5% of partic-
ipants reported photophobia in groups A and B,
respectively, with no need for photochromic
glasses. No near blurred vision was reported.
Over the 1-year period, allergic conjunctivitis
was reported in one participant in group A and
two participants in group B, dizziness occurred
in two participants in group B, rubella was
reported in one participant from group B, and
nose bleeding occurred in two participants in
group A and in one participant in group B.

DISCUSSION

To the best of our knowledge, this study is the
first randomized, controlled, non-masked trial
to contrast the efficacy and safety of consecu-
tive use of 1% atropine and 0.01% atropine with
0.01% atropine alone. However, limited by its
1-year follow-up, the clinical relevance of this
consecutive-use regimen cannot be determined
from this trial. Thus, future studies should be
conducted to determine the long-term efficacy
and rebound after the concentration switch and
to optimize the regimen.

Efficacy and Safety of the Two Treatment
Regimens

Children in the 0.01% atropine group showed a
refraction progression of - 0.74 D and an axial
elongation of 0.36 mm after 1-year treatment,
which were comparable with the progression
rate in the placebo group (- 0.76 to 0.81 for SE;
0.38 to 0.46 mm per year for AL) [4, 17–19].
Compared with other interventions, 0.01%
atropine had a worse inhibitory capacity of
myopia progression than orthokeratology
(0.16–0.27 mm for AL [20, 21]), multifocal
spectacle/contact lenses (- 0.38 D for SE [22];
0.09–0.11 mm for AL [22, 23]), or low-level red-
light therapy (- 0.20 D for SE; 0.13 mm for AL)
[19]. Therefore, 0.01% atropine might not be a
suitable strategy for young children with myo-
pia who experience greater myopia progression
in the natural course [24] and who are at a high
risk of high myopia in adulthood [25]. Instead, a
higher concentration of atropine should be
considered.

In this study, consecutive use of 1% and
0.01% atropine presented an overall better
control in both SE (- 0.53 D) and AL (0.26 mm)
than 0.01% atropine only. There were a hyper-
opic shift and a reduction in AL over the first
6 months, which were mainly caused by lens
power loss and choroidal thickening, respec-
tively, based on our previous research [8, 13].
However, the myopia rebound after the

Table 2 continued

Variables Group A (n = 91) Group B (n = 80) P valueb

Mean (SD) Range Mean (SD) Range

Baseline to 6 months - 2.96 (3.52)a - 14.40 to 4.00 - 1.15 (3.59)a - 11.70 to 4.20 0.001

6 to 12 months 1.42 (2.39)a - 1.80 to 7.50 - 0.40 (3.06) - 6.70 to 6.00 \ 0.001

P valuec \ 0.001 0.001

The data are the changes from baseline visits for each group
D diopter, logMAR logarithm of the minimum angle of resolution
aP\ 0.05 for comparison between the baseline and the follow-ups using paired t test
bP value for comparison between the two groups using Student’s t test
cA generalized estimating equation model with robust standard errors was used to compare between baseline to 6 months
and 6 to 12 months with adjustment for age and gender, accounting for repeated measurements
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concentration switch was non-negligible, lead-
ing to an overall worse capacity of myopia
control compared with other interventions
mentioned above [19–23]. Weekly treatment
with 1% atropine has been proved to be
endurable for most participants [8], and the
pupil enlargement and impaired near vision
caused by 1% atropine recovered after the con-
centration switch. The incidences of photo-
phobia and near blurred vision in both groups
were similar to those in the 0.01% atropine
group in the LAMP study (2.1% and 1.8%,
respectively) [5], confirming the safety of this
regimen.

Myopia Rebound When Switching
from Weekly 1% Atropine to Daily 0.01%
Atropine

In the ATOM [9] and ATOM2 [10] studies, SE
progression values during the first 6 months
after cessation of daily 1% atropine and 0.1%
atropine were - 0.76 D and - 0.34 D, respec-
tively. These values were 3.75 times and 1.70
times the change in the placebo groups
(- 0.20 D), respectively. AL elongation values in
the first 6 months after cessation of daily 1%
atropine and 0.1% atropine were 0.15 mm and
0.17 mm, respectively. These values were 2.14
times and 2.43 times the change observed in the

Fig. 2 Changes in ocular parameters in two treatment groups over time: a spherical equivalent; b axial length; c lens power.
Error bars represent standard error. D = diopter

Fig. 3 Distribution of mild, moderate, and severe myopia
progression over time in two treatment groups. Myopia
progression if less than 0.00 D (no progression), between

0.00 D and less than 0.50 D (mild progression), between
0.50 D and less than 1.00 D (moderate progression), and
greater than 1.00 D (severe progression)
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placebo groups (0.07 mm), respectively. In the
present study, however, the changes in SE and
AL during the second 6 months in group A
(- 0.82 D and 0.29 mm, respectively) were 1.78
times and 1.70 times greater than those in
group B (- 0.46 D and 0.17 mm, respectively).
These results indicate that the SE rebound after
the concentration switch is less than that after
cessation of daily 1% atropine, but comparable
to that after cessation of daily 0.1% atropine. AL
rebound after the concentration switch is less
than that after cessation of 1% or 0.1% atro-
pine. Notably, children in the 0.01% atropine
group in this study presented greater myopia
progression than those in the placebo group in
the ATOM study [9], probably as a result of the
greater length of time spent on near work than
that when the ATOM study was conducted
(more than 10 years ago). This might explain
the numerically greater SE and AL rebound in
our study than in the 1% atropine group in the
ATOM study [9]. Polling et al. observed no AL
rebound among children with myopia after
initial treatment with 0.5% atropine for 1 year
followed by tapering to 0.25%, and further to
0.1% and 0.01% every 6 months [11]. These
results suggest that a better way to taper the
dose of weekly 1% atropine to reduce myopia
rebound is worthy of investigation.

The true mechanism underlying myopia
rebound remains unrevealed. Muscarinic ago-
nists activated human and mouse scleral
fibroblast cell proliferation via MEK-ERK-MAPK
cascade, which could be abolished by atropine
in a concentration-dependent manner [26].
Also, muscarinic receptors in the sclera could be
regulated after atropine treatment, associated
with the concentration of atropine [27, 28].
Thus, the scleral proliferation could be influ-
enced by atropine concentration switch
through changing cascade reaction and receptor
density in the sclera, which might partly
explain the AL rebound. Lens power showed a
marked decrease during the first 6 months
(- 0.29 ± 0.44 D), but it did not change among
children without SE rebound after switching to
0.01% atropine (- 0.05 ± 0.26 D) and signifi-
cantly increased among children with SE
rebound (0.12 ± 0.34 D). These findings suggest
that lens power might lose its compensation

ability for axial elongation [29] after the con-
centration switch, and even rebound to pro-
mote myopic shift. Theoretically, an increase in
AL of 1 mm would lead to an average of
approximately 3.0 D of myopia without coun-
terbalancing by a change in lens power. Thus,
the unchanged or even increased lens power
after the concentration switch might partly
explain the SE rebound in the present study and
the mismatch between SE rebound (- 0.76 D)
and AL rebound (0.15 mm) during the first
6-month cessation period in the ATOM study
[9].

In the present study, the adjusted analysis
revealed that the risk of SE rebound after con-
centration switch decreased by 13% for every
year of increasing age and by 27% for male sex.
However, the underlying reasons for younger
age and female sex being risk factors for myopia
rebound remain unclear. Young age [24, 25] and
sex [30, 31] have been revealed to be associated
with myopia progression. Possible explanations
include heredity [32], different stages of puberty
between sexes [33], and social factors (e.g.,
education [34], differential engagement in out-
door and nearwork activities [35]), which might
also involve in the process of myopia rebound.
In addition, the levels of growth hormone [36]
and estrogen [37, 38] might influence the
myopia rebound by regulating the muscarinic
receptor activity or density and subsequently
affecting the reactivity of sclera to atropine
treatment and cessation. Therefore, these pos-
sible risk factors are worthy of investigation to
reveal the mechanisms.

Limitations

The present study has several limitations. First,
1-year follow-up period may not be enough to
provide sufficient information on the efficacy
and safety of weekly 1% atropine, as well as the
rebound after cessation. Second, previous stud-
ies clearly showed myopia rebound of moder-
ate-to-high concentration of atropine [9, 10],
rendering complete cessation of 1% atropine
unethical; therefore, the myopia rebound in the
present study was not strictly evaluated since
participants continued with 0.01% atropine.
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Other limitations include lack of a placebo-
controlled trial, the possible inaccuracy of the
eye drop administration from the medication
diaries, measurement of pupil size under nor-
mal circumstances (estimated to 150 lx), and
omission of other known risk factors of myopia
such as the onset of education, time for outdoor
activities and nearwork, which have been
mentioned in the previous study [8].

CONCLUSIONS

The 1-year results of the ACAMP study show
that consecutive use of 1% and 0.01% atropine
confers an overall better efficacy than 0.01%
atropine alone in children with low-to-moder-
ate myopia, despite myopia rebound after the
concentration switch. Both regimens were well
tolerated without serious adverse events.
Although the clinical relevance of consecutive-
use regimen cannot be determined from our
trial, this study gives clinicians some prelimi-
nary inspiration that a consecutive regimen is
an alternative way to achieve good myopia
control and high myopia prevention when
children with myopia experience rapid pro-
gression and a poor response to a low concen-
tration of atropine, warranting future studies to
evaluate the long-term efficacy and rebound
after the concentration switch and to optimize
the regimen.
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