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ABSTRACT

INTRODUCTION: Myopia is considered by many an emerging public health challenge.
Different forms of treatment have been proposed to treat myopia progression, one of them being
topical atropine. The purpose of our study was to evaluate the efficacy and safety of 0.05% atro-
pine eyedrops in controlling myopia progression in a cohort of Portuguese children over 2 years.

METHODS: Children aged 4 to 16 years old with myopic refraction of at least -1.00 dioptre
(D) and myopia progression of > -0.50 D/year were enrolled in this prospective non-randomized
interventional single-center study. Patients were prescribed 0.05% atropine eye drops to be ap-
plied once nightly to both eyes over a period of 2 years. Outcome measures were change in spheri-
cal equivalent (SE) and axial length (AL) over 2 years.

RESULTS: Of the 55 children enrolled in the study, 24 children have completed 2 years of
treatment (12 female). At the 2-year follow-up, mean SE was -5.76 (+2.36) D and mean AL was
25.27 (#1.08) mm. Change of SE from baseline was -0.47 (+0.50) D and AL change from baseline
was 0.31 (+0.27) mm. After 2 years of treatment, 5 children showed no progression on SE and AL
and discontinued treatment, with a mean change of SE of 0.175 D and AL of 0.10 mm. None of the
patients who completed the 2-year follow-up reported adverse effects.

CONCLUSION: In this cohort, 0.05% atropine eye drops were safe, well-tolerated and ef-
fectively retarded progression of SE and AL.

KEYWORDS: Administration, Topical; Atropine/administration & dosage; Child; Myopia/
drug therapy.

RESUMO

INTRODUCAO: O A miopia atinge atualmente propor¢des epidémicas e é considerada um
desafio de satde publica. Neste sentido, tém surgido varias formas de terapéutica para controlo
da progressao da miopia, sendo uma delas a atropina tépica. O objetivo deste estudo é avaliar a
eficacia e seguranca de atropina 0,05% topica no controlo da progressao da miopia numa coorte
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de criangas portuguesas ao longo de 2 anos de tratamento.

METODOS: Criancas com idades compreendidas entre 4 e 16 anos, com refragio miépica
de pelo menos -1,00 D e progressao da miopia de > -0,50 D/ano aceitaram participar neste estudo
prospetivo nao-randomizado intervencional. Foi prescrita atropina 0,05% topica para aplicar uma
vez a noite nos dois olhos ao longo de 2 anos. Os objetivos foram avaliar a progressao da miopia
em termos de alteragdes no equivalente esférico (EE) e comprimento axial (CA).

RESULTADOS: Um total de 55 criangas foram inscritas no estudo e dessas 24 completaram
0s 2 anos de seguimento (12 do sexo feminino). Aos 2 anos de seguimento, a média de EE era
-5,76 (+2,36) D e de CA era 25,27 (+1,08) mm. A variacdo registada apo6s 2 anos de tratamento
no EE foi de -0,47 (+0,50) D e no CA foi de 0,31 (+0,27) mm. Cinco criangas mostraram auséncia
de progressao da miopia e o tratamento foi descontinuado, com uma média de diferenga de EE
de 0,175 D e de CA 0,10 mm. Nenhuma das criangas que completou os 2 anos de seguimento
reportou qualquer efeito adverso.

CONCLUSAO: Em criangas portuguesas, o uso de atropina 0,05% tépica foi seguro, bem
tolerado e eficaz no controlo da progressao do EE e CA.

PALAVRAS-CHAVE: Administra¢do tépica; Atropina/administracao e dosagem; Crianga;

Miopia/tratamento farmacoldgico.

INTRODUCTION

With projections indicating that nearly half of the
world’s population may be affected by 2050, myopia is
reaching epidemic proportions and constitutes an emerg-
ing public health challenge.” Axial myopia occurs due to
excessive elongation of the eye, which causes images from
distant objects coming into focus in front of the retina, lead-
ing to blurred distance vision." According to the World
Health Organization (WHO) classification myopia is char-
acterized by a spherical equivalent (SE) objective refractive
error of less than -0.50 dioptres (D) oftentimes correlated
with an increase in axial length (AL).?

Changes in AL are more commonly associated with re-
fractive error during childhood and puberty, which places
early childhood as the optimal period for prevention and
therapy of myopia, reducing myopia-related complications
such as myopic macular degeneration and retinal detach-
ment.* Pathologic myopia carries huge treatment costs;
studies have shown that the cost increment is over 100%
if myopia progresses to the pathologic state (US$ 166 to
US$ 1,210) and a further 100% increment when pathologic
myopia progresses to blindness (US$ 1,210 to US$ 2,420).°
Screening 100 000 children and providing myopia progres-
sion treatment could avoid 816 cases of high myopia, 462
cases of pathologic myopia, and 7 cases of blindness.”

Several new forms of treatment have been proposed
to treat myopia progression, such as defocus incorporat-
ed multiple segments (DIMS) spectacle lenses, highly as-
pherical lenslet target (HALT) lenses, orthokeratology and
topical atropine.'® Atropine is a non-selective muscarinic
antagonist that has proven efficacy in myopia progres-
sion control in various concentrations, the most common
being 1%, 0.5%, 0.1%, 0.05% and 0.01%.” The pathological
mechanism of myopia and the pathways involved in the
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anti-myopic effects of atropine are still largely unknown.
However, some evidence on the matter does exist.® Phar-
macologically, atropine acts in different ocular tissues such
as cornea, iris, ciliary body and muscles, lens” epithelium,
retina, choroid and sclera, with good bioavailability. Non-
accommodative mechanisms for developing myopia may
be influenced by atropine, namely by increasing scleral fi-
brous layer and choroid thickness and modulating expres-
sion and activity levels of several retinal growth factors.®®

A meta-analysis of 19 studies suggested a concen-
tration-independent mechanism for atropine efficacy in
myopia progression control, whereas the adverse effects
are concentration-dependent.” Recent data from low-con-
centration atropine for myopia progression (LAMP) have
proposed the dose of 0.05% for maximum efficacy with
minimal side effects.”? The purpose of our study was to
evaluate the efficacy and safety of 0.05% atropine eye drops
in controlling myopia progression in a cohort of Portu-
guese children over 2 years.

MATERIAL AND METHODS

This study was conducted from August 2021 to August
2023 at Hospital Beatriz Angelo in Lisboa, Portugal. Chil-
dren aged 4 to 16 years with myopic refraction of at least
-1.00 D and myopia progression of > -0.50 D/year were en-
rolled in this prospective non-randomized interventional
single-center study. Children with ocular diseases (e.g., cata-
ract, congenital retinal diseases, amblyopia and strabismus),
previous or current use of other optical methods for myopia
control (e.g., DIMS spectacle lens) were excluded. Written
informed consent was obtained from parents or guardians.
The study was approved by the Ethics Committee of Hospi-
tal Beatriz Angelo. All procedures were conducted accord-
ing to the tenets of the Declaration of Helsinki.
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Participants were prescribed 0.05% atropine eye drops,
applied once nightly to both eyes. Eye drops were prepared
by the hospital’s pharmacy. Cycloplegic refraction, axial
length, and best-corrected visual acuity (BCVA) were meas-
ured at baseline and every six months thereafter. Cyclople-
gic autorefraction was performed using an autorefractor
and confirmed by retinoscopy after a cycloplegia regimen
(two drops of cyclopentolate 1%, 10 minutes apart, applied
60 minutes before the exam). SE was calculated as spheri-
cal power plus half of the cylinder power. Ocular AL was
measured on Zeiss IOL Master (Carl Zeiss Meditec Inc,
Dublin, CA). The primary outcome was myopia progres-
sion in terms of SE change over 2 years. Secondary out-
comes included AL change at 2 years. The primary safety
outcome measure was the occurrence of adverse events,
which were actively monitored at each visit.

Statistical data analysis was performed using SPSS sta-
tistical software version 9.

RESULTS

A total of 55 children (110 eyes) were recruited. Of these,
24 children completed 2 years follow-up, 15 completed 1
year of follow-up, 10 completed 6 months of follow-up,
and 6 have less than 6 months of follow-up. Seven children
opted out of the study (dropout rate of 12.73%): 3 for lack
of compliance, 2 for inability to collect the eye drops and 2
due to adverse effects (headache (1) and reduced near vis-
ual acuity (1)). Our current analysis focuses on the 24 chil-
dren (12 female) who have completed the 2-year follow-up.

The mean age at the start of treatment was 10.83 years
of age (range 6-16). At baseline, mean SE was -5.39 (+2.37)
D, and mean AL was 25.21 (+1.45) mm. At the 2-year follow-
up, mean SE was -5.76 (+2.36) D and mean AL was 25.27
(#1.08) mm. Change of SE from baseline was -0.47 (+0.50)
D and AL change from baseline was 0.31 (+0.27) mm. All
data from SE and AL parameters at 6, 12 and 24 months of
follow-up, as well as changes of SE and AL, are summa-
rized in Table 1.

After 2 years of treatment, 5 children showed no pro-
gression on SE and AL and opted to discontinue treatment,
with a mean change of SE of 0.175 D and AL of 0.10 mm.
None of the patients who completed the 2-year follow-up
reported adverse effects.

DISCUSSION

In the present study, we investigated the effect of 0.05%
atropine eye drops on myopia progression in a real-world
setting among children aged 4 to 16 years old with SE of at
least -1.00 D and myopia progression of >0.50 D/year. Over
a 24-month period, there was a clear stabilization of myo-
pia progression in children who were progressing at least
-0.50 D per year and 5 children opted to suspend treatment
due to no progression.

The first large-scale study investigating topical atropine
efficacy was Atropine for the Treatment of Myopia (ATOM)
1, arandomized placebo-controlled clinical trial in an Asian
population, that concluded atropine 1% eyedrops were ef-
fective, but with significant visual side effects, which led
to a high dropout rate."” The ATOM2 trial included Asian
children aged 6-12 years with myopia of at least -2.00 D and
were randomly assigned to 0.5%, 0.1%, and 0.01% atropine,
with a 2-year follow-up."” The mean SE change at 2-year
was more significant in the 0.5% (-0.30+0.60 D) compared to
0.1% and 0.01% groups (-0.38+0.60 and -0.49+0.63 D, respec-
tively)."” The mean increase in AL was 0.27+0.25, 0.28+0.28,
and 0.41+0.32 mm in the 0.5%, 0.1%, and 0.01% groups, re-
spectively.”’ In our study 0.05% atropine performed very
similarly to the obtained results with 0.1% in terms of SE
and AL mean changes over a 2-year follow-up. This was
also observed in other clinical trials and could be explained
by the fact that efficacy of atropine is dose-independent,
and side effects are dose-dependent.”!**

In the Childhood Atropine for Myopia Progression
(CHAMP) randomized clinical trial, performed in a mainly
non-Asian population aged from 6 to 10 years, participants
were randomly assigned with 0.01% or 0.02% atropine eye
drops or placebo, over a 36-month follow-up."* Atropine,
0.01%, was associated with significantly higher responder
rates than placebo at all time points, whereas atropine,
0.02%, was associated with a higher responder rate vs
placebo only at month 12." In the 0.01% atropine group
change in SE from baseline was -1.04 D and change in AL
from baseline was 0.68 mm, with a significant difference vs
placebo (p < 0.001)." In our study, atropine 0.05% revealed
a more significant mean change in SE and AL at 24-month
(-0.47 D and 0.31 mm, respectively, versus -0.79 D and 0.51
mm in CHAMP)."

More recently, the LAMP trial, a randomized placebo-
controlled clinical trial, included Asian children aged 4 to

Table 1. Ophthalmic Parameters at Follow-Up Visits (baseline and at 6, 12 and 24 months).
Baseline 6 months 12 months 24 months
Mean SD Mean SD Mean SD Mean SD
SE (D) S5¥69) 2.37 -5.64 2,53 -5.70 2.38 -5.76 2.36
AL (mm) 25.21 1.45 25.04 1.00 25.05 1.08 25.27 1.08
Mean change SE -0.22 0.44 -0.27 0.44 -0.47 0.5
Mean change AL 0.056 0.072 0.16 0.13 0.31 0.27

SE — spherical equivalent; D — diopters; mm — millimeters; AL — axial length; SD — standard deviation.
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12 years old that were randomly assigned to 0.05%, 0.025%
and 0.01% atropine and placebo." At 2-year follow-up,
mean change in SE in the 0.05% and 0.01% atropine groups
and placebo were -0.46 D, -0.84 D and -1.01 D, respective-
ly," whereas mean change in AL in the 0.05% and 0.01%
atropine groups and placebo were 0.48, 0.63 and 0.70 mm,
respectively." In our study, mean SE change was similar
to the LAMP study, whereas mean AL change over 2 years
was inferior (0.31 mm vs 0.48 mm in LAMP2).

Patients from our sample are older than cohorts from
previous studies (mean age at the start of the treatment of
10.83 years vs 8.45 years in LAMP1) and also had higher
grades of baseline myopia (mean baseline SE of -5.91 D vs
-3.98 D, -3.93 D, -4.49 D and -4.50 D, and mean baseline AL
of 25.21 mm vs 24.85 mm, 24.88 mm, 25.13 mm and 25.07
mm, in LAMP1, LAMP2, LAMP3 and LAMP4, respective-
ly)."""® This, in addition to the small sample size and differ-
ent population, might help to explain the differences found
in the current study.'"*

Contrary to previous studies, Repka et al"® in a rand-
omized clinical trial including 187 children aged 5 to 12
years in the US, concluded that atropine, 0.01%, eye drops
delivered nightly over 2 years did not slow myopia pro-
gression or axial elongation. The lack of benefit from atro-
pine, 0.01%, in their study differs from the results of at least
5 clinical trials in East Asian and South Asian populations
with similar age and refractive error eligibility criteria."”
This difference might partly be explained due to differences
in follow-up, ethnicity with different myopia progression
rates or different atropine 0.01%, eye drop formulation.
This study highlights the inconsistent results of various
studies of low-dose atropine for myopia control published
over the last few years and the importance of validating re-
sults in different populations.

In the MOSAIC study, a 2024 randomized clinical trial
performed in a European population with 2-year follow-up,
the authors concluded that 0.01% atropine treatment efficacy
was greater during the second year.'® Given recent evidence
from the LAMP study that 0.05% atropine is the best dos-
age balancing efficacy with side effects, the second phase of
the MOSAIC will cross over the placebo-assigned patients
to 0.05% atropine for a 12-month period,'® which will be in-
teresting to compare with our findings. This was also veri-
fied by Ha et al in a recent meta-analysis in which atropine at
0.05% concentration ranked as the most beneficial.’

As no single treatment has 100% efficacy in all patients,
there is increasing interest in combined treatment for its
add-on effect,'”' although randomized clinical trials are
still needed to understand treatment sustainability over
longer periods of follow-up.

A 2022 systematic review comparing 0.01% topical atro-
pine and orthokeratology (OK lens) showed that combined
use of OK lens and 0.01% atropine was more effective than
monotherapy with OK lens or 0.01% atropine.” When it
was further compared with other atropine dosages, the
combined treatment had a similar efficacy to high-dose at-
ropine.” Longer follow-up periods are needed to evaluate
treatment sustainability and compliance over time.
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Relatively to the DIMS lens, a recent 2-year double-
masked randomized controlled experiment revealed that
myopia progression was 52% slower in the DIMS group
than in the single vision (SV) group, and axial elongation
was 62% less in the DIMS group than in the SV group.”
This proved that DIMS lenses are an effective and safe
treatment for myopia progression control.

In a systematic review, when comparing results at
1-year from studies using 0.05% atropine or DIMS or HALT
lenses, it was noted a reduction in SE progression of 67%,
87% and 67% respectively, and a reduction on axial elonga-
tion of 51%, 61% and 64 % respectively.”

Huang et al studied the efficacy of 0.01% atropine and
DIMS lenses combined or DIMS lenses alone or SV lenses
alone, in myopia control in Chinese children aged 7 to 12
years old.”" This study revealed that combined treatment
was the most effective in slowing myopia progression, with
a mean SE change of -0.49 +0.66 D and a mean AL change
of 0.28 +0.24 mm, at 1-year follow-up.”!

Another retrospective study analysed Chinese myopic
children who received 3 different optical treatments com-
bined with 0.01% atropine: one group with SV lenses (SV
+ AT), another with DIMS lenses (DIMS + AT) and another
with OK lenses (OK + AT).”> At 12 months, DIMS + AT was
the group with the most significant results in slowing myo-
pia progression.” Similarly, Nucci P ef al compared 0.01%
atropine, DIMS lens and combined treatment in a Euro-
pean population, and concluded that combined treatment
was the most effective.’®

Contrary to this results, in a retrospective comparative
study conducted in Portuguese children in 2023, Guima-
raes et al compared 0.01% atropine and DIMS lens.” The
authors concluded DIMS lens were superior to atropine in
preventing AL elongation at 6 months (p = 0.038).” How-
ever, there was no statistically significant difference on SE
variation between groups at 6 months (p = 0.302).* Con-
fronted with our results, the different atropine concentra-
tion, along with the fact shorter follow-up period, may ex-
plain the different results.

Also, even results from similar study protocols are het-
erogeneous. Several clinical and demographic factors may
influence myopia progression, such as baseline rates of pro-
gression, degree of myopia, age at presentation and ethnic-
ity,” and even the stability of the atropine solution, which
may explain the different obtained results. That being said,
randomized clinical trials are needed to confirm the vari-
ous treatments’ efficacy in head-to-head comparative stud-
ies, conducted in different populations, and adjusted to age
and myopia degree.

Considering different topical atropine dosages, a meta-
analysis by Ha et al and the LAMP study, have proposed
that the optimal atropine concentra-tion should be the one
with the best balance between efficacy and safety.**'" At-
ropine at a concentration of 0.05% demonstrated superior
performance in balancing efficacy and safety in a Chinese
cohort of children.”""* In the present cohort, only 2 chil-
dren reported mild treatment-related adverse effects.

In a recent meta-analysis comparing optical, pharma-
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cological and environmental interventions for myopia con-
trol, it was also pointed out that unwanted effects related
to myopia control interventions were not consistently re-
ported, and emphasized the need for improved methods
to monitor adverse effects,” highlighting the need to better
standardize and actively question adverse effects during
follow-up visits.

Myopia is a rising global public health problem that
requires lifetime interventions, from prevention of myopia
progression and correction of refractive error to treatment
of pathologic myopia.” There are still various questions
that remain unanswered related to myopia control. We still
lack evidence on the best timing to initiate and suspend
treatment, optimal atropine dosage, possible rebound ef-
fect and efficacy of combined treatments. It is important to
perform head-to-head large-scale comparative studies to
best understand the most effective treatment, considering
different populations, ages and other characteristics (e.g.,
iris colour). The predominance of the Asian population in
large clinical studies limits generalizability of the findings.’

As no direct comparisons have been made between all
the different treatment modalities, we are still unable to es-
tablish a specific treatment order, such as designating one
as the first-choice or second-choice therapy.* More studies
are needed with direct comparisons between the different
treatment modalities.

A key strength of our study is that it only included non-
Asian children, contrarily to most studies with low-con-
centration atropine that involve almost exclusively Asian
children. The broad age range of children recruited can be
a strength and a limitation, since statistical analysis was not
adjusted to those parameters.

A major limitation of our study is the lack of a control
group, which hinders comparative statistical analysis, as
well as the small sample size.

CONCLUSION

In summary, our study demonstrated that 0.05% atro-
pine may effectively delay progression of SE and elonga-
tion of AL in Portuguese children, without significant side
effects.

Further studies are needed to evaluate long-term effi-
cacy of 0.05% atropine on myopia progression, as well as
determine optimal timing for treatment suspension, moni-
tor possible rebound effect and compare with other types
of treatment, including combined modalities.
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