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Abstract: Myopia in children has become a global public health concern due to its increasing prevalence and po-
tential long-term complications. Optical interventions, including single-vision lenses (SVL), bifocal/progressive ad-
dition lenses (PALs), peripheral defocus-incorporated multiple segments (DIMS) glasses, and orthokeratology (OK) 
lenses have shown varying success in slowing progression, though long-term safety and efficacy remain under 
investigation. Pharmacological treatments, including low-dose atropine (0.01%), pirenzepine, apomorphine, and 
7-methylxanthine (7-MX), offer additional options. Low-dose atropine is the most effective, significantly reducing 
myopia progression with minimal side effects. Pirenzepine, though promising in animal models, faces challenges 
due to poor corneal permeability. Apomorphine shows potential but requires further clinical testing. 7-MX has dem-
onstrated dose-dependent effects in slowing progression, yet its efficacy needs validation in broader populations. 
Emerging therapies like low-level red-light therapy (LLRT) and Diffusion Optics Technology (DOT) lenses also show 
promise, reducing axial elongation and refractive progression. However, their long-term safety and mechanisms re-
main unclear. In conclusion, while several interventions show potential, further long-term studies and personalized 
treatment strategies are needed to optimize outcomes. Future research should focus on new drug targets, technolo-
gies, and global collaboration to address the myopia crisis in children.
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Introduction

Myopia, affecting millions of children and adul- 
ts worldwide, not only diminishes quality of life 
but also imposes significant social and eco-
nomic burdens. By 2050, it is projected that 
4.758 billion people will be affected by myopia 
[1]. High myopia increases the risk of serious 
complications, including myopic macular dis-
ease, glaucoma, and cataracts [2]. In China, 
especially in urban areas, myopia has become 
a critical public health issue, affecting the eye 
health of children and adolescents [3]. As a 
result, myopia prevention and control have 
gained global attention and are now central to 
health strategies in various countries.

The development of myopia is influenced by 
both genetic and environmental factors [4], 
with urbanization, socioeconomic status, ex- 
cessive near-work, and insufficient outdoor ac- 
tivity identified as key contributors [3]. Efforts 
to slow myopia progression have focused on 

environmental, optical, and pharmaceutical 
interventions. In recent years, to address the 
increasing global burden, research on myopia 
control has intensified worldwide [5, 6]. This 
article reviews current clinically proven and 
potential interventions from both optical and 
pharmaceutical perspectives.

Optical intervention scheme

Early optical interventions primarily examined 
the effects of refractive undercorrection on 
myopia progression [7]. However, a recent 
Cochrane review [8] concluded that there is 
insufficient evidence to support the use of 
refractive overcorrection, undercorrection, or 
micro-monocular vision in delaying myopia pro-
gression [9]. Similarly, the International Myopia 
Institute’s white paper notes state that the 
effect of bifocal glasses and single-vision soft 
contact lenses on myopia control is similar to 
that of standard single-vision glasses [10].
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Progressive addition lenses (PALs)

PALs are currently one of the most widely 
researched interventions for myopia control. 
Their design gradually increases refractive 
power from the distance zone at the top of the 
lens to the near zone at the bottom. PALs 
reduce the need for accommodation or accom-
modation lag during close-up tasks. Leung [11] 
first proposed using PALs, instead of bifocals, 
to slow myopia progression by minimizing 
accommodation demands. Their results sh- 
owed that myopia progression in children using 
+1.50 and +2.00 D PALs was significantly  
slower than with single-vision lenses (SVL). 
However, this study lacked full randomization. 
Subsequent RCTs conducted in the U.S., Hong 
Kong, and Japan [12-14] found that while PALs 
can reduce refractive error progression, the dif-
ference from SVL was often less than 0.25 D, 
which is generally considered clinically insignifi-
cant for myopia control. A 2022 study by Zhu et 
al., based on Chinese children with myopia, 
also showed that PALs did not significantly 
improve accommodation lag or accommoda-
tive heterophoria to slow myopia progression 
[15]. Additionally, Li et al. [16] found better  
myopia control in Asian children compared to 
white and black children, possibly due to more 
pronounced accommodation lag and greater 
close-up eye use in Asian children.

Optical interventions like under-refraction, bifo-
cal glasses, and PALs, aimed at reducing 
accommodation demand and improving ac- 
commodative lag, have not shown significant 
effects on myopia progression. However, stud-
ies have found that PALs improve peripheral 
retinal defocus in myopic children [17-19]. 
Further research has demonstrated that myo-
pic peripheral defocus reduces axial length 
growth, while hyperopic defocus promotes  
axial elongation [20-22]. Consequently, the 
focus of optical interventions is shifting toward 
manipulating peripheral retinal defocus, with 
myopic defocus now considered the primary 
strategy. A variety of frame glasses designed 
based on this principle have emerged.

Defocus incorporated multiple segments 
(DIMS)

The DIMS lens features a central far-corrected 
optical zone with a 9 mm diameter, surrounded 
by numerous micro-lenses (approx. 1.03 mm in 

diameter) that generate myopic defocus with a 
refractive power of +3.50 D. Lam et al. [23] 
reported that children wearing DIMS lenses 
showed a 52% reduction in myopia progres- 
sion and a 62% reduction in axial growth com-
pared to those wearing SVL. Notably, 21.5% of 
children wearing DIMS lenses experienced no 
significant progression over two years, com-
pared to only 7.4% in the SVL group. When the 
control group switched from SVL to DIMS, myo-
pia progression was significantly reduced, re- 
aching similar levels as the initial DIMS group 
after one additional year [24]. However, a sig-
nificant age difference between the two gro- 
ups could confound the axial length compari-
son. A retrospective study of 3,639 children 
wearing DIMS and 6,838 wearing SVL found 
that after one year, myopia progression in the 
DIMS and SVL groups was both limited to  
≤ 0.25 D in 40% and 19% of children, respec-
tively. After two years, 33% and 20% of child- 
ren in the DIMS and SVL groups, respectively, 
had a progression of ≤ 0.50 D [25]. While the 
results were somewhat lower than previous 
RCTs, this large-scale, diverse dataset provid- 
es robust evidence supporting DIMS’ effective-
ness in clinical myopia control.

Slightly/highly aspherical lenslets (SAL/HAL)

SAL and HAL lenses feature peripheral aspheri-
cal microlenses that continuously refract light 
non-linearly, producing myopic defocus (VoMD) 
in front of the retina. Bao et al. [26, 27] con-
ducted a two-year study on 170 Chinese chil-
dren with myopia, showing that myopia progres-
sion was significantly reduced in those wearing 
SAL or HAL, with HAL demonstrating superior 
efficacy. HAL controlled 41% of myopic refrac-
tive progression and 64% of axial growth com-
pared to SVL. A 2023 randomized double-blind 
crossover trial [28] further confirmed HAL’s 
effectiveness in controlling myopia progres-
sion, without rebound effects upon switching  
to SVL. However, the long-term efficacy and 
safety of HAL still require additional trials and 
extended follow-up.

Although frame glasses designed around the 
peripheral retinal defocus theory have been 
shown to slow myopia progression, their effec-
tiveness varies widely (20% to 80%) across 
studies [29]. This variation may be linked to 
peripheral or off-axis gaze, as the distance 
between the lens and cornea, along with mis-
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Table 1. Comparison of the efficacy of optical intervention methods for controlling myopia progression

Type Design Effect (slowing down the  
progression of myopia)

Axial 
growth 

reduction
Others

PALs Progressive multifocal 
design

Decreased progression of myopia - No significant difference  
compared to SVL

DIMS Central vision correction 52% 62% Long-term effects are stable
SAL Non-spherical lens design Decreased progression of myopia - Safety requires further verification
HAL Non-spherical lens design 41% 64% Efficacy superior to SAL, safety 

requires further verification
PAL: Progressive Addition Spectacle lenses; DIMS: Defocus Incorporated Multiple Segments; SAL: Slightly Aspherical Lenslets; 
HAL: Highly Aspherical Lenslets.

alignment between the lens optical axis and 
the visual axis, can be influenced by eye move-
ment, reducing the peripheral myopic defocus 
and weakening the effect. The need for individ-
ualized adaptation and more rigorous studies 
to confirm the effectiveness of these lenses  
is clear. In contrast, contact lenses, which fit 
more closely to the cornea and move synchro-
nously with eye movement, may offer better 
myopia control than frame glasses.

The efficacy of various optical interventions for 
myopia progression control is summarized in 
Table 1.

Corneal contact lens

Dual-focus soft contact lenses (DFSCL)

Bifocal soft contact lenses are designed with 
either concentric or peripheral bifocal patterns. 
Research indicates that after 24 months of 
wearing these lenses, myopia progression is 
slowed by 30-38%, and axial growth is reduc- 
ed by 31-51%. Concentric bifocal lenses are 
approximately 30-50% more effective than 
peripheral bifocal lenses in controlling myopia 
progression [30, 31]. A study on Misight con-
centric bifocal lenses confirmed these results. 
Children wearing these lenses for three years 
experienced a 59% reduction in refractive  
error (0.73 D) and a 56% reduction in axial 
growth (0.32 mm) compared to the control 
group (SVL) [32]. Furthermore, no significant 
change in corneal anterior surface aberration 
or total ocular aberration was observed in the 
children wearing concentric bifocal lenses. In 
contrast, these aberrations increased in chil-
dren wearing SVL as myopia progressed [33].

A one-year study by Aller et al. [34] involving 79 
children (aged 8-18) explored personalized 

treatments to minimize near eso-fixation dis-
parity while ensuring clear vision. Children 
wearing concentric bifocal lenses showed a 
72% reduction in refractive power growth and 
an 80% reduction in axial growth compared to 
those wearing single-vision soft contact lens- 
es. This study highlights the clinical potential of 
concentric bifocal lenses and emphasizes the 
importance of personalized fitting for myopia 
control, tailored to individual eye parameters 
and lifestyle habits.

Multifocal soft contact lenses

Multifocal soft contact lenses feature a pro-
gressive increase in refractive power in the 
peripheral defocus zone outside the central 
area. A study showed that after one year of 
wearing multifocal lenses, refractive power in- 
crease was reduced by 34% (-0.57 D vs. -0.86 
D in the control group), and axial length increa- 
se was reduced by 33% 0.27 mm vs. 0.40 mm 
[35]. Walline et al. [36] found similar results, 
with multifocal lenses reducing myopia pro-
gression by 50% and axial growth by 29% over 
two years.

The gradual increase in refractive power in the 
peripheral zone enhances peripheral myopic 
defocus, significantly inhibiting the growth of 
refractive power and axial length over the long 
term. This is particularly beneficial in controlling 
high myopia [37, 38].

Compared to traditional frame glasses, soft 
corneal contact lenses offer a more aestheti-
cally appealing option, leading to higher compli-
ance rates among myopic children. Additionally, 
daily disposable soft corneal contact lenses, in 
contrast to reusable hard lenses, significantly 
reduce the risk of corneal infiltration, highlight-
ing their clinical potential for slowing myopia 
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Table 2. Comparison of the efficacy of contact lenses for controlling myopia progression

Type Design Time
Effect (slowing down 

the progression of 
myopia)

Axial 
growth 

reduction
Others

DFSCL Concentric  
bifocal design

24 months 30-38% 31-51% The anterior surface aberration and total 
ocular aberration do not increase with 
the progression of myopia.

Peripheral  
bifocal design

24 months The effect is inferior to concentric bifocal 
30-50%.

Multifocal Soft 
Contact Lenses

Progressive  
Multifocal Design

24 months 50% 29% The refractive power in the peripheral 
region increases, leading to peripheral 
myopic defocus on the retina.

OK Hard design 24 months 50% 41-45% Nighttime wear, with clear vision during 
the day after removal.

DFSCL: Dual-Focus Soft Contact Lenses; OK: Orthokeratology.

progression in children and adolescents 
[39-41].

Orthokeratology (OK) lenses

OK lenses are rigid contact lenses worn over-
night, providing clear vision during the day after 
removal. The myopia control effect of OK lens-
es is attributed to peripheral retinal myopic 
defocus induced by corneal epithelial cell 
migration [42].

A two-year prospective study by Cho et al. [43] 
in 2005, involving 35 myopic children aged 
7-12, showed that axial growth in the OK lens 
group was 0.23 mm, compared to 0.48 mm in 
the control group, representing a 50% reduc-
tion in myopia progression. Subsequent global 
studies consistently confirmed the effective-
ness of OK lenses in controlling myopia com-
pared to SVL [42, 44, 45]. Recent meta-analy-
ses report a 41-45% reduction in myopia 
progression with OK lenses [46], further vali-
dating their efficacy.

Hiraoka et al. [47] showed that OK lenses effec-
tively slow axial growth over five years. During 
this period, the eye axis increased by 0.99 mm 
in the OK lens group and 1.41 mm in the con-
trol group. The treatment effect was greatest in 
the first year, with the reduction in axial growth 
decreasing from 50% in year one to 30% by 
year five. This suggests that while OK lenses 
offer long-term benefits, their efficacy may pla-
teau with extended use.

Concerns have been raised about the potential 
for regression or rebound effects after discon-
tinuing OK lenses. Cho et al. [48] found that 
after two years of OK lens use followed by six 

months without lenses, the axial length growth 
in children was significantly faster than in those 
who continued wearing them, resembling the 
growth rate of the control group. Unlike atro-
pine, the discontinuation of OK lenses did not 
lead to accelerated myopia progression [49].

OK lenses are widely used in clinical practice to 
slow myopia progression, particularly in chil-
dren with low to moderate myopia. Recently, 
their use has expanded to include patients with 
anisometropia, hyperopia, high astigmatism, or 
those who have undergone refractive corneal 
surgery. However, eye development and corne-
al morphology vary significantly among myopic 
children. Studies show that older children, 
those with larger baseline spherical equiva-
lents, and those with larger pupil diameters 
experience less axial elongation and myopia 
progression when using OK lenses. Thus, per-
sonalized fitting is essential for optimal out-
comes [50-52].

Despite their benefits, OK lenses carry risks, 
such as corneal abrasion and infection, mainly 
due to fitting difficulties and night-time wear. 
Given variations in personal hygiene, parental 
education, and adherence to care instructions, 
standardized testing, fitting, and monitoring  
are crucial for ensuring safe and effective use 
[53]. The efficacy and characteristics of differ-
ent types of contact lenses for controlling myo-
pia progression are summarized in Table 2.

Medications

Atropine

Atropine is a non-selective muscarinic (M) re- 
ceptor antagonist with high affinity for M1-M5 
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receptors in the pupillary sphincter and ciliary 
muscle, causing pupil dilation and ciliary mus-
cle paralysis. Since the 1970s, extensive re- 
search has been conducted to explore atro-
pine’s effects on myopia progression. Clinical 
trials have consistently shown that atropine  
eye drops can effectively slow myopia progres-
sion in children, with success rates ranging 
from 56% to 96% [54]. A study by the American 
Academy of Ophthalmology found that atro- 
pine treatment could reduce myopia progres-
sion by approximately 1 D per year [55]. The 
effect of atropine in controlling myopia is con-
centration-dependent. Common side effects  
of high-concentration atropine include photo-
phobia, blurred vision, and reduced accommo-
dation amplitude due to its mydriatic and cyclo-
plegic effects. Long-term side effects may 
include early presbyopia and potential lens or 
retinal phototoxicity [56].

The Atropine for the Treatment of Myopia 1 
study [57] observed a rebound effect after dis-
continuing atropine, with significant accelera-
tion in myopia progression following one year  
of withdrawal from 1% atropine treatment (at- 
ropine group: -1.14±0.80 D, placebo group: 
-0.38±0.39 D). The Atropine for the Treatment 
of Myopia 1 study [58] further evaluated atro-
pine concentrations of 0.1%, 0.5%, and 0.01% 
for myopia control. Results indicated that 
0.01% atropine effectively controlled myopia 
with minimal side effects and a small rebound 
effect after discontinuation [59]. Some studi- 
es have suggested that 0.05% atropine, which 
has similar side effects and rebound character-
istics to 0.01%, is more effective in controlling 
myopia progression [60-62].

While atropine’s use in myopia control is prom-
ising, further evidence-based research is need-
ed to establish optimal concentration, fre- 
quency, duration, and the impact of individual 
differences on efficacy. Additionally, more stu- 
dies are required to understand the rebound 
mechanisms and to optimize treatment strate-
gies for different age groups of myopic chil- 
dren.

Pirenzepine

Pirenzepine is a selective M receptor antago-
nist, with high affinity for M1 and M4 receptors. 
Unlike atropine, which is non-selective, pirenz-
epine does not cause cycloplegia or mydriasis, 

making it a safer alternative. Animal studies 
have shown that pirenzepine effectively reduc-
es form deprivation myopia and axial length 
growth [63]. A 2008 randomized clinical trial on 
children aged 8-12 years using 2% pirenzepine 
gel twice daily demonstrated that it effectively 
reduced refractive error progression, though  
no significant effect was observed on axial 
growth. Moreover, pirenzepine solution did not 
cause systemic side effects in adult volunteers 
and was found to be safe and well-tolerated 
[64]. However, as a hydrophilic compound, 
pirenzepine has very low corneal permeability 
and ocular bioavailability, limiting its effective-
ness in inhibiting myopia [65]. Consequently, 
pirenzepine eye drops are not currently used as 
a clinical treatment for myopia.

Apomorphine

In animal experiments, dopamine receptor ago-
nists and acetylcholine receptor antagonists 
are used to induce axial growth, thereby estab-
lishing a myopic model. These findings suggest 
that both the dopamine and cholinergic sys-
tems contribute to the development of myopia. 
However, acetylcholine receptor antagonists 
have several adverse reactions [66, 67], limit-
ing their clinical application, whereas dopa- 
mine receptor agonists show promise in myo-
pia treatment [68, 69]. Apomorphine, a non-
selective dopamine receptor agonist, has been 
studied in this context. Dong et al. [70] found 
that apomorphine effectively inhibits the devel-
opment of form deprivation myopia in animal 
models, though it does not affect defocus myo-
pia. Despite its potential, there are few studies 
on apomorphine, and further research is need-
ed to assess its feasibility, safety, and clinical 
indications for treating myopia.

7-MX

7-MX, a metabolite of caffeine, is a non-se- 
lective antagonist of adenosine receptors. 
Research has shown that oral administration  
of 7-MX reduces myopia progression in guinea 
pigs by approximately 50%, eliminating axial 
growth induced by form deprivation, and pre-
venting scleral changes such as scleral thinn- 
ing and collagen fiber degradation in the poste-
rior sclera [71]. In primates, 7-MX also reduces 
axial myopia caused by hyperopic defocus [72]. 
A clinical trial conducted in Denmark in 2003 
[73] found that myopic children treated with 



Optical and pharmacological control of myopia

2427 Am J Transl Res 2025;17(4):2422-2433

Table 3. Comparison of the efficacy of pharmacological interventions for controlling myopia progression

Medicine Type Effect (slowing down the 
progression of myopia) Side effect Others

Atropine Non-selective M receptor 
antagonist

56-96% Photophobia, blurred 
vision, and decreased 
accommodative amplitude 
(with high concentration)

Concentration-dependent, 
0.05% shows significant 
efficacy with minimal side 
effects

Pirenzepine Selective M receptor 
antagonist

Effectively reduces  
refractive power but does 
not reduce axial eye growth

No significant side effects Low corneal permeability, 
not suitable for clinical 
treatment

Apomorphine Non-selective dopamine 
receptor agonist

Inhibits the development of 
form-deprivation myopia

Safety requires further 
verification

Limited research, primarily 
used in animal studies

7-MX Non-selective antagonist 
of adenosine receptors

50% No significant side effects Dose-dependent, stud-
ies conducted only in 
Denmark

7-MX: 7-Methylxanthine.

oral 7-MX showed a reduction in axial growth 
compared to the control group over a 12-month 
period (0.35±0.15 mm for the experimental 
group vs. 0.38±0.17 mm for the placebo group), 
although the difference was not statistically 
significant (P=0.567). A more recent real-world 
study [74] analyzed data from 711 Danish myo-
pic children who received oral 7-MX (0-1200 
mg per day). The study concluded that oral 
7-MX slowed myopia progression and axial 
growth in a dose-dependent manner, with the 
highest dose (1200 mg per day) showing the 
most effective control. However, all current 
human trials of oral 7-MX have been conducted 
in Denmark. The efficacy of 7-MX in controlling 
myopia progression requires further validation 
through experimental studies from other coun-
tries and randomized controlled trials. The effi-
cacy and side effects of different pharma- 
cological interventions for controlling myopia 
progression are summarized in Table 3.

Optical and pharmaceutical intervention 
programs

Low-level red-light therapy (LLRT)

Since 2021, there have been reports on the 
effect of low-intensity red light therapy (LLRT)  
in slowing myopia progression. A retrospective 
study by Zhou et al. [75] demonstrated that 
after nine months of LLRT treatment (twice 
daily for 3 minutes at 0.4 mW power and 635 
nm wavelength), the axial length change in the 
LLRT group (-0.06±0.19 mm) was significantly 
smaller than in the control group wearing SVL 
(0.26±0.15 mm). A randomized controlled trial 
by Jiang et al. [76] confirmed this result, show-

ing a reduction of 0.26 mm in axial growth and 
0.59 D in refractive progression in the LLRT 
group compared to the SVL group, with no seri-
ous adverse events. Dong et al. [77] found that 
100% power LLRT significantly reduced myopia 
progression over 6 months when compared to 
a 10% power pseudo-treatment device. Some 
studies suggest that LLRT may be safer and 
more acceptable than orthokeratology [78].

Despite the significant effect of LLRT compar- 
ed to other optical or pharmaceutical interven-
tions, there are several unexplained phenome-
na in the reported studies [79]. For instance, 
most eyes show axial regression in the early 
stages (within the first month) [80], accompa-
nied by a corresponding refractive shift (hyper-
opic shift). Additionally, choroidal thickening 
occurs in the macular region, whereas the cho-
roid thins in the control group. However, the 
mechanism behind axial regression remains 
unclear and cannot be fully explained by choroi-
dal thickening alone. The safety of LLRT also 
remains uncertain, especially regarding poten-
tial retinal light damage in the macular region. 
Moreover, it is unclear whether regression or 
rebound will occur after treatment cessation. 
These aspects require further investigation 
through sensitive objective tests and long-term 
follow-up studies to confirm the safety and 
long-term efficacy of LLRT.

Diffusion optics technology (DOT)

Since 2022, DOT lenses have been reported to 
slow myopia progression by reducing retinal 
contrast signals [81, 82]. The Cypress study 
[82] was a 3-year, multi-center RCT involving 
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Table 4. Comparison of the efficacy of emerging optical and pharmacological interventions

Method Effect (slowing down the 
progression of myopia) Side effect Others

LLRT Reduction in axial growth and 
refractive progression

Safety requires  
further verification

Early axial regression of the eye and  
increased thickness of the macular choroid

DOT Reduction in axial growth and 
refractive progression

Safe for children aged 
6 years and older

Reduction in retinal contrast signals

Vitamin D Myopia severity decreases as 
vitamin D levels decrease

Safety requires  
further verification

Associated with outdoor activities, the  
relationship with myopia development  
requires further research

LLRT: Low-Level Red-Light Therapy; DOT: Diffusion optics technology.

256 myopic children aged 6-10 years from 14 
clinical centers across North America. After 12 
months of wearing DOT lenses, the equivalent 
spherical lens growth in the treatment group 
decreased by -0.40 D (74%) and axial growth by 
0.15 mm. Participants in the DOT group showed 
good distance/near vision, with no significant 
difference from the control group. This study 
demonstrated that DOT lenses can effectively 
slow myopia progression and axial elongation, 
and are safe, effective, and well-tolerated in 
children aged 6 and older. DOT lenses, which 
modify both peripheral retinal defocus and reti-
nal contrast, offer a promising new interven- 
tion for myopia. They suggest that previous 
optical interventions may have combined ef- 
fects, involving both retinal contrast signal 
reduction and myopic defocus.

Vitamin D

In recent years, the role of vitamin D in the 
onset and progression of myopia has gained 
significant attention. A 2020 study by Jung et 
al. [83] found that for every 1 ng/ml decrease 
in serum vitamin D, the degree of myopia 
increased by 0.01 D. In 2023, Wolf et al. [84] 
reported that the serum vitamin D level in  
myopic individuals was lower than in those with 
normal vision. However, current epidemiologi-
cal studies have not reached a consensus on 
whether vitamin D directly influences myopia 
development. Research has shown that the 
duration of outdoor activity is closely associat-
ed with myopia, with vitamin D serving as a 
covariate rather than an independent factor in 
myopia control [85-87]. Consequently, further 
prospective studies and randomized controll- 
ed trials are needed to determine whether vita-
min D acts as an independent protective factor 
for myopia or if its role is secondary to outdoor 

activities. The efficacy, potential advantages, 
and limitations of emerging optical and phar-
macological interventions are summarized in 
Table 4.

Summary

The correction of myopia and the prevention 
and control of its progression have become a 
focal point of both clinical practice and societal 
concern. This article reviews various optical 
and pharmacological interventions for control-
ling clinical myopia progression in children, 
alongside the advancements in myopia pre- 
vention and control methods. Although numer-
ous strategies exist for managing myopia in 
children, practical challenges persist in their 
application. As our understanding of myopia’s 
underlying mechanisms deepens and new tech-
nologies emerge, personalized optical designs 
are likely to be a key direction. By integrating 
biometric parameters such as refractive error, 
axial length, and corneal curvature, more pre-
cise and customized correction plans can be 
developed. This approach promises to enhance 
intervention efficacy while minimizing adverse 
effects. The development of novel optical mate-
rials, such as lightweight, highly oxygen-perme-
able, and blue light-blocking lenses, will further 
optimize comfort and image quality. These 
innovations can also reduce peripheral hyper-
opic defocus, potentially offering better inhibi-
tion of myopia progression. Long-term safety 
and efficacy evaluations remain essential re- 
search priorities, with large-scale, multi-center 
randomized controlled trials needed to provide 
robust evidence on the safety and effective-
ness of optical interventions.

In pharmacological intervention, low-concen-
tration atropine (e.g., 0.05%) has emerged as 



Optical and pharmacological control of myopia

2429 Am J Transl Res 2025;17(4):2422-2433

one of the most effective treatments, signifi-
cantly slowing myopia progression while mini-
mizing side effects. Future research will likely 
focus on further lowering doses or exploring 
new drug delivery methods to enhance the 
safety and tolerability of atropine. Additionally, 
personalized treatment protocols for children 
of different age groups and varying myopia pro-
gression rates will be critical for future deve- 
lopment. Beyond M receptors and dopamine 
receptors, future studies will seek to identify 
additional molecular targets involved in myo-
pia’s onset and progression, aiming to develop 
drugs with higher selectivity and specificity. 
Research into potential drug targets, such as 
adenosine receptor antagonists and vitamin D, 
may provide new avenues for myopia control. 
Furthermore, advanced therapies like gene and 
cell therapy hold promise for future applica-
tions in myopia prevention and treatment.

The combined use of pharmacological and opti-
cal interventions is likely to be a significant 
trend. For instance, combining low-concentra-
tion atropine with orthokeratology lenses or 
peripheral defocus spectacles may produce 
more pronounced effects in slowing myopia 
progression. Combination therapies can also 
mitigate the limitations of single interventions, 
reduce adverse reactions, and enhance patient 
compliance. Ultimately, a comprehensive pre-
vention and control system, incorporating the 
promotion of outdoor activities, the develop-
ment of healthy eye usage habits, dietary 
adjustments, and other non-pharmacological 
interventions, will be crucial in shaping a multi-
faceted approach to myopia prevention in the 
future.
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