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INTRODUCTION
Myopia is an important public health problem in all co-

untries of the world. The defect is associated with numerous 
complications occurring already in young adults and causing 
significant impairment in visual acuity. Since the early 21st 

century, there has been an alarming growth trend in the 
number of myopia cases worldwide, with over 5 billion – or 
half of the human population – expected to be affected by the 
condition by 2050 [1-5]. Myopia has come to be classified as  
a lifestyle disease, as it affects an increasing number of people, 
especially children [6, 7].

While the role of genes in the development of congenital 
myopia is indisputable, the development of acquired myopia 
is a multifactorial process, and its pathogenesis has not yet 
been fully elucidated. Environmental factors are believed to 

account for approximately 80% of human characteristics, 
including myopia. Research is ongoing to identify the risk 
factors, especially modifiable environmental factors such as 
the place of living (especially urban environment), propor-
tion of time spent indoors and outdoors, time spent by the 
child doing visual tasks at a close distance, amount of sleep, 
or diet [8, 9]. Studies show that the rate of progression of the 
defect is faster and the increase in axial length of the eye is 
greater during the autumn and winter months compared to 
the spring and summer. This tendency is most likely related 
to longer school time and more visual tasks done at home, 
as well as less sunshine and time spent outdoors [10-12]. In 
2018, the World Society of Paediatric Ophthalmology and 
Strabismus (WSPOS ) announced a position statement on the 
prevention of myopia and the efficacy of different treatment 
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modalities. Based on the results of the largest randomized clini-
cal trials from around the world, both genetic factors (especially 
in defects greater than –5.0 D) and environmental factors are 
recognized as playing a role in the development of myopia. The 
most important modifiable environmental factors include the 
amount of time spent outdoors and on near vision tasks, and 
the distance during visual work [6, 8].

The goal of myopia management is to inhibit the progres-
sion of this refractive defect and slow down the axial elongation 
of the eye. Currently recommended therapeutic options inclu-
de appropriate corrective spectacle lenses and contact lenses 
(modifying relative peripheral hyperopia, bifocal, progressive), 
surgery, and pharmacological treatment. The best results are 
obtained by topical treatment with eye drops blocking musca-
rinic receptors. The main antagonists of these receptors are pi-
renzepine and atropine. Optimum outcomes are achieved by 
using drops containing atropine at a low concentration (0.01%). 
Low-concentration atropine does not cause side effects such as 
near vision impairment or glare as a result of pupillary dilation 
and paralysis of accommodation, and induces the lowest rebo-
und effect after the withdrawal of treatment compared to drops 
containing atropine at higher concentrations. The mechanism 
of action of atropine in inhibiting the progression of myopia 
is not entirely understood. In addition to its relaxing effect on 
the ciliary muscle and impact on accommodation, atropine is 
known to be implicated in a non-accommodative mechanism 
as a transmitter. The mechanism involves the uptake of atropine 
by the retinal amacrine cells and their secretion of dopamine, 
which is a mediator inhibiting the growth of the eye. By binding 
to them, atropine can also contribute to scleral remodeling. Ac-
cording to another theory, atropine has a direct inhibitory effect 
on the synthesis of glycosaminoglycans by scleral fibroblasts, 
without any involvement of muscarinic receptors. Atropine at  
a concentration of 0.01% has a minimal effect on the muscarinic 
M3 receptors responsible for eye accommodation and pupillary 
dilation, but exerts a potent effect on the M1 and M4 receptors 
which have a beneficial impact on the control of myopia [13]. 
According to yet another theory an increased amount of light 
falling on the retina as a result of pupillary dilation following 
the administration of atropine has a direct inhibitory effect on 
eye elongation [14].

AIM OF THE STUDY
Studies conducted to date have mainly focused on children 

living in Asia. The aim of the present study was to determine 
whether the administration of atropine 0.01% eye drops might 
slow down the progression of myopia in children in Poland. In 
addition, an attempt was made to establish whether age, sex and 
severity of the visual defect in the study group had any impact 
on the efficacy of treatment with atropine 0.01%.

MATERIAL AND METHODS
The study group treated with atropine 0.01% eye drops con-

sisted of 50 patients (98 eyes) aged 8 to 16 years (mean 10.7 
years). The group comprised 31 girls and 19 boys. The reference 
group consisted of 24 patients of both sexes (48 eyes), aged 9 to 

16 years (mean 12.3 years), with 14 girls and 10 boys. The pa-
tients were divided into two age groups: 8-12 and 13-16 years. 
Subgroups of patients with low (–1.0 D to –3.0 D) and moderate 
myopia (–3.25 D to –6.0 D) were also distinguished. Overall, 
the study spanned a period of nine months. During the initial 
six months, patients in the treatment group received atropine 
0.01% drops which were instilled in both eyes every night befo-
re bedtime. After that period, the drops were discontinued for 
three consecutive months. During the same period, patients in 
the reference group did not use atropine 0.01% drops or any 
other ophthalmic drugs. Examinations performed at baseline 
included best corrected distance and near visual acuity (based 
on Snellen charts), eye length (biometric evaluation, UD-6000 
Consultronix unit), refractive defect 30 minutes after prior 
application of tropicamide 1% eye drops twice in both eyes 
(evaluation with Righton Retinomax autorefractometer 3), and 
biomicroscopy with indirect ophthalmoscopy. The assessments 
listed above were repeated in the study group after one month, 
three and six months of treatment, and following withdrawal 
of the drops. In the reference group, the children were assessed 
at baseline and then three and nine months after study entry. 
There were no problems with adherence during the six month’s 
treatment regimen. The drug was available from selected phar-
macies throughout the duration of the study.

Children born prematurely, with glaucoma and coexisting 
eye diseases (especially uveitis) were excluded from the study. 
Other conditions disqualifying from participation included ca-
taract, congenital retinal diseases, amblyopia, strabismus, prior 
treatment of myopia with orthocorrection or other methods 
(except for wearing monofocal corrective spectacle lenses or 
contact lenses). Children with a history of atropine allergy and 
systemic cardiovascular and respiratory conditions were also 
excluded. 

The conduct of the study was approved by the Ethics Com-
mittee at the Medical University of Białystok (decision No. R-I-
002/328/2018).

RESULTS
Statistical analysis was performed with Statistica 13 PL so-

ftware using appropriate tests. The level of statistical significan-
ce was set at p = 0.05. The results were considered statistically 
significant if p < 0.05. It was evaluated how the severity of the 
visual defect in the right eye (RE) and left eye (LE) progressed 
in the study and reference groups. It was recognized that if the 
refractive defect increased from –0.25 to –0.5 D, the severity of 
the defect was the same, and if the increase was over –0.5 D, the 
defect had progressed. 

During the study, the severity of the visual defect in the 
reference group increased by an average of –0.63 D in the RE  
(p = 0.317) and –0.55 D in the LE (p = 0.726). The length of 
the eye in the reference group with the examined visual impair-
ment decreased by an average of 0.02 mm in the RE (the result 
was regarded as an error caused by the examination method; it 
was assumed that no increase in eye length had occurred), and 
increased by an average of 0.12 mm in the LE. However, the dif-
ference was not statistically significant (p > 0.05) (Figure 1). In 
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the study group, the severity of the visual defect in the RE and 
LE increased on average by –0.22 D and –0.21 D, respectively. 
The difference was statistically significant (p < 0.05) (Table I). 
The length of the eye in the study group increased on average 
by 0.19 mm in the RE and by 0.13 mm in the LE. The difference 
was not statistically significant (p > 0.05) (Table II).

Statistical analysis showed a significant difference between 
the study group and the reference group with regard to the eva-
luated visual defect in the RE and LE between the baseline and 
final examinations (p < 0.05). In the reference group, the mean 
increase in the severity of the visual defect in the RE and LE 
was significantly higher than in the study group. 

Analysis of visual defect and eye length by sex
Statistical analysis of the visual defect and eye length be-

tween the groups depending on patient sex revealed no signi-
ficant differences between the baseline and final examinations. 
The result means that the sex of patients in the study group had 
no effect on the progression of myopia.

Analysis of visual defect by age
Statistical analysis revealed a statistically significant diffe-

rence in the visual defect in both eyes between the baseline 
and final examinations in the study and reference groups in 
younger children (group 1, children aged 8-12 years). In the 
reference group, the increase in the severity of the visual defect 
was found to be significantly higher than in the study group 
(Table III).

In the group of older children (group 2, 13-16 years), stati-
stical analysis did not find a significant difference between the 
study and reference groups in terms of the visual defect in both 
eyes between the baseline and final examinations.

 The length of the eye did not change in a statistically signi-
ficant manner in any of the age groups.

As mentioned above, all the children were also divided into 
groups depending on the baseline severity of their visual defect. 
Statistical analysis found a significant difference between the 
study and reference groups in patients with less severe defect 
(group 1: from –1.0 D to –3.0 D). The progression of the visual 
defect in both eyes was found to be significantly less severe in 
the study group compared to the control group. 

In patients with moderate myopia (group 2: from –3.25 D 
to –6.0 D), statistical analysis revealed no differences between 
the study and reference groups for both eyes (Table IV). 

The length of the eye did not change depending on the 
visual defect in both groups. Atropine 0.01% drops were well 
tolerated by the children, and produced no side effects.

DISCUSSION
In spite of multiple publications and growing knowled-

ge of available methods to control myopia, there are still  
a number of questions that need to be answered: at what age 
treatment should be started in children, at what severity of the 

Figure 1. Box-and-whisker plot based on the mean difference in visual defect 
between the baseline and final examinations of the RE and LE in the study and 
reference groups

Table I. Progression of myopia in both groups

Study group Reference group
Statistical significance 

(p)

OP –0.22 OP –0.62 p = 0.010

OL –0.21 OL –0.55 p = 0.039

Table II. Change in eye length in both groups

Study group Reference group
Statistical significance 

(p)

OP –0.19 OP 0.02 p = 0.054

OL –0.12 OL –0.13 p = 0.948
– oznacza wzrost długości gałki ocznej

Table III. Progression of myopia by age

Patients’ age Study group Reference group
Statistical significance 

(p)

8-12 years
OP –0.24 OP –0.70 p = 0.009

OL –0.24 OL –0.78 p = 0.005

13-16 years
OP –0.14 OP –0.47 p = 0.275

OL –0.09 OL –0.09 p = 0.804

0.8
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0.4
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A – visual defect of the RE – difference between baseline and final examination – reference group 
B – visual defect of the RE  – difference between baseline and final examination– reference group 
C – visual defect of the LE  – difference between baseline and final examination – study group
D – visual defect of the LE – difference between baseline and final examination – study group

Box-and-whisker plot

A B C D

Mean         Średnia ± Błąd std         Średnia ± 1.96* Błąd std
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visual defect treatment with eye drops should be initiated, how 
long patients should be treated and what eye drop concentra-
tions should be used, and what factors should be taken into ac-
count before deciding to start treatment. Considering the fact 
that myopia occurs considerably earlier nowadays than a dozen 
or so years ago, it is usually recommended to start treatment 
in school-age children, typically between the ages of 6 and 12. 

In the reported studies, treatment was routinely initiated 
when the defect was at least –1.0 D or –1.5 D, or in children 
with rapid defect progression [14-16]. Ophthalmologists world-
wide are in consensus that treatment with atropine 0.01% drops 
should last at least two years. Patients in the treatment group 
of the reported study are now completing a two-year period of 
using the drops, and the treatment outcomes will be discussed 
in a separate publication.

 It has been highlighted that the younger the age at which 
myopia develops, the longer the period of treatment that ne-
eds to be scheduled. Studies show that atropine at a concen-
tration of 0.01% is both effective and safe, so it can be used for 
a longer period than the same drug at higher concentrations. 
Treatment with atropine at higher concentrations (e.g. 0.1% 
and 0.5%) produces a powerful rebound effect after the initial 
inhibition of defect progression and increase in eye length. De-
spite its weaker efficacy at the outset of treatment, atropine at 
low concentrations (0.01%, 0.02%) retains its beneficial activity 
over a longer period, and treatment is associated with a smal-
ler rebound effect [15]. Research conducted on a large group 
of children treated with atropine 0.01% eye drops revealed no 
side effects accompanying treatment, such as pupillary dilation, 
accommodation paralysis or reduced visual acuity, especially at 
near vision [15, 16]. The side effects listed above were not ob-
served in the reported study, either. 

The findings of the present study were essentially consistent 
with those reported in other studies conducted globally. Larkin 
et al. analyzed a total of 100 patients of different ethnic back-
grounds aged 6 to 15 years, in the USA. The progression of my-
opia after one year of treatment was –0.2 ±0.8 D, and after two 
years –0.3 ±1.1 D [17]. In the ATOM 2 study, the progression 
was –0.49 ±0.63 D after two years of treatment with atropine 
0.01% eye drops [16, 18]. In the LAMP study, the progression 
was –0.59 ±0.61 D after a year of treatment [14]. A European 
study published by Sacchi et al. in 2019 showed a slowdown in 
progression to –0.54 ±0.61 D per year in patients treated with 
eye drops [19].

According to the authors of the publication, myopia correc-
ted only with monofocal lenses progresses on average by 1 D per 
year in patients aged around 8 years, and decreases linearly to 

approximately –0.25 D/year at the age of approximately 13 years 
[15]. In the present study, the progression of the defect in the 
reference group would be on average approx. –1.0 D/year in the 
younger group and approx. –0.37 D/year in the older group, so 
the results correlate with the findings of other studies.

There have been literature reports of isolated cases of allergic 
reactions to atropine (ATOM 1, LAMP and others), but they 
usually occur when the drug is used at higher concentrations. 
They may develop from several weeks to even several years after 
starting treatment with atropine drops [20]. Other possible ef-
fects include signs of skin irritation around the eyes due to the 
preservative used in the drops. There is no need to stop therapy, 
but the management algorithm proposed by Kothari may be 
useful in the decision-making process to confirm or rule out al-
lergy to atropine eye drops [20]. Meibomian gland dysfunction 
or treatment with other ophthalmic drugs may be additional 
risk factors for the development of allergy. Parents should be 
advised to apply pressure to the lacrimal points after instilling 
the drops, and to wipe excess drops from the skin around the 
eyes. This also prevents skin discoloration (hypopigmentation) 
which resolves gradually after drug withdrawal. The effect of 
using drops with low atropine concentrations (0.125% and 
0.25%) on intraocular pressure was also evaluated. After one 
year, no significant changes were observed in relation to the 
control group [21]. Photochemical damage to the retina due to 
pupillary dilation has not been documented. When drops with 
higher atropine concentrations are used, sunglasses with UV 
filter are recommended, together with near vision correction, 
if needed. Atropine at a concentration of 0.01% does not cause 
pupillary dilation or perceptible paralysis of accommodation. In 
the available studies, the maximum concentration of atropine 
not inducing any clinical side effects (comparable to the use of 
atropine 0.01%) was 0.02%, though in the LAMP study all con-
centrations (0.05%, 0.025% and 0.01%) were well tolerated [14, 
22]. The optimal concentration of atropine in eye drops should 
be determined based on the balance between drug efficacy and 
safety, with a minimal adverse effect on the comfort of life. 

Among children treated with atropine eye drops, there is a 
group of non-responders, though the mechanism underlying 
poor response to atropine treatment is unknown [6, 23]. In such 
patients, options to consider include increasing the drug do-
sing frequency (to twice a day) or the concentration of the drug 
(e.g. to 0.02%), or combining pharmacological treatment with 
another therapeutic modality, such as orthocorrection [24, 25]. 
In the reported study group, there were two patients with pro-
gression greater than 0.5 D after nine months of treatment; they 

Table IV. Progression of myopia by severity of the visual defect

Range of visual defect Study group Reference group Statistical significance (p)

From –1.0 to –3.0 D
OP –0.04 OP –0.46 p = 0.021

OL –0.04 OL –0.59 p = 0.004

From –3.5 to –6.0 D
OP –0.44 OP –0.82 p = 0.135

OL –0.45 OL –0.50 p = 0.868
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were treated with eye drops administered twice daily, which aga-
in slowed down the rate of defect progression. 

 In addition, atropine 0.01% drops seem to be a cost-effi-
cient pharmacological option, and they are well tolerated even 
by younger children, though they require regular use. In all ca-
ses, both patients and their parents should be instructed about 
the need to spend more time outdoors and perform less visual 
work, especially with electronic devices.

CONCLUSIONS
The analysis performed in the study revealed a statistically 

significant effect of atropine 0.01% eye drops on inhibiting the 
progression of myopia in children. The drops were effective both 
in younger (aged 8-12) and older (aged 13-16) children. Howe-
ver, the progression of the visual defect was less pronounced 
in younger children, and these results were statistically signi-
ficant. During the nine-month study, there was no statistically 

significant difference in the change in mean eye length between 
the treated and untreated groups. Patient sex was found to have 
no effect on the progression of the defect or the change in eye 
length in both groups. Statistical analysis of the study group 
showed a significant difference in the progression of the visual 
impairment in both eyes depending on the severity of myopia 
(with greater progression observed in patients with defects hi-
gher than –3.25 D). 

In our study, atropine 0.01% drops were found to have inhi-
bited the progression of myopia compared to the group of un-
treated children. The best effects were seen in younger children 
(aged 8-12 years) and with a less severe visual defect at baseline.

Based on the study findings, atropine 0.01% drops seem to 
be a safe and effective method of controlling the progression of 
myopia.
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