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Abstract
Myopia, a leading cause of visual impairment worldwide, 
is expected to affect approximately 50% of the global 
population by 2050, posing substantial risks to public health 
systems globally. This paper provides an overview of the 
latest advances in myopia control strategies, focusing on 
pharmacological, optical, and digital health interventions. 
A systematic review of the literature highlights key 
developments in low-dose atropine, orthokeratology, 
multifocal lenses, and AI- powered predictive models. 
Additionally, emerging therapies such as 7-methylxanthine, 
light-guided spectacles, and gene therapy are evaluated 
for their potential to curb the progression of myopia. The 
review emphasizes the importance of personalized treatment 
strategies, the integration of technological innovations, and 
public health interventions in tackling the rising prevalence 
of myopia globally. The paper highlights recent studies and 
emerging trends that suggest a promising future for myopia 
management, but also points out ongoing challenges that 
need to be addressed to ensure wider accessibility and long-
term effectiveness of treatments.
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Introduction
Myopia, or nearsightedness, has become a global public health 
concern, with the number of affected individuals steadily 
rising. Characterized by an excessive elongation of the eye’s 
axial length, myopia leads to a blurred vision at distance. 
Traditionally, myopia was seen as a minor inconvenience, 
but its increasing prevalence and the associated risks—such 
as myopic maculopathy, retinal detachment, and glaucoma—
have prompted significant interest in its management and 
prevention.
Global projections indicate that nearly 50% of the world’s 
population will be myopic by 2050 (Morgan et al., 2023), with 
East Asia facing the highest prevalence rates. In response to 
this growing burden, recent research has focused on both 
slowing the progression of myopia in children and improving 
the quality of life for those already affected. This paper 
explores the most promising myopia control strategies, from 
pharmacological interventions like atropine to cutting-edge 
digital health technologies.
1.	 Literature Review
The management of myopia has evolved from simply 
correcting refractive error with glasses to a more proactive 
approach aimed at slowing the progression of the condition, 
particularly in children. This section summarizes recent 
advances in pharmacological treatments, optical therapies, 
environmental influences, and digital health tools for myopia 
control.
1.1	Pharmacological Innovations
Pharmacological treatments aim to target the underlying 
biological processes involved in myopia development. These 
treatments range from traditional options, such as atropine, to 
newer compounds showing promise in clinical trials.
1.1.1	 Low-Dose Atropine
Atropine, a muscarinic receptor antagonist, has been one of 
the most widely studied pharmacological agents for myopia 
control. Initially, high-dose atropine (1%) was used, but 
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it led to significant side effects, such as photophobia and 
accommodation loss. Recent studies have focused on low-
dose atropine (0.01–0.05%), which has shown a significant 
reduction in axial elongation with far fewer side effects. The 
LAMP 2 trial (Yam et al., 2021) found that 0.05% atropine 
slowed myopia progression by 67% over two years, with 
minimal adverse effects such as photophobia. Despite the 
promising results, concerns over rebound myopia—the rapid 
progression of myopia once treatment is stopped—have led 
to research into pulsed dosing regimens, where atropine is 
administered intermittently to reduce this risk (Yam et al., 
2023).
1.1.2	 Novel Therapeutics: 
In addition to atropine, several new pharmacological agents 
have been explored for their myopia control potential. 
7-Methylxanthine (7-MX): This compound, an adenosine 
receptor antagonist, has been shown to slow the progression 
of myopia in animal models by strengthening the sclera and 
reducing axial elongation by 40% (Trier et al., 2023). Early-
phase human trials show promising results, with a 30% 
efficacy in controlling myopia progression (Chen et al., 2023). 
Dopamine Agonists: Studies have shown that dopamine 
plays a role in regulating eye growth, and topical dopamine 
agonists, such as apomorphine, have been tested in animal 
models with success. These treatments aim to target retinal 
dopamine pathways, which are known to be involved in 
controlling axial length elongation (Zhou et al., 2022).
1.2	 Optical Interventions
Optical interventions are widely used to manage myopia 
progression, particularly in children. These strategies include 
orthokeratology, multifocal lenses, and defocus-incorporated 
spectacles, each with varying degrees of effectiveness.
1.2.1	 Orthokeratology (Ortho-K)
Orthokeratology (Ortho-K) involves the use of specially 
designed contact lenses that reshape the cornea overnight, 
inducing peripheral myopic defocus. A meta-analysis by 
Bao et al. (2023) found that Ortho-K lenses reduced axial 
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elongation by 49% when compared to standard single-vision 
lenses. However, the use of Ortho-K is associated with an 
increased risk of microbial keratitis (annual incidence of 
0.15%), requiring careful hygiene and patient compliance 
(Bullimore et al., 2023).
1.2.2	 Multifocal and Defocus-Embedded Lense
Multifocal lenses and Defocus Incorporated Multiple 
Segments (DIMS) spectacles are designed to slow the 
progression of myopia by providing a different focal point 
in the periphery of the eye, inducing peripheral defocus. The 
BLINK study (Walline et al., 2020) demonstrated that high-
add multifocal contact lenses reduced myopia progression 
by 43%. Additionally, DIMS spectacles have been shown to 
reduce axial elongation by 52%, making them an effective 
non-invasive option for myopia control (Lam et al., 2022).
1.3	Environmental and Behavioral Strategies:
Environmental and behavioral modifications are becoming 
increasingly recognized as essential components in managing 
myopia. Encouraging children to spend more time outdoors 
and reducing digital eye strain are simple but effective 
strategies.
Outdoor Time: A randomized controlled trial (RCT) by He 
et al. (2023) found that 2 hours of outdoor activity per day 
significantly reduced the incidence of myopia by 34% in 
Chinese schoolchildren. It is believed that exposure to natural 
light promotes the release of dopamine in the retina, which 
inhibits excessive eye growth.
Digital Eye Strain Mitigation: With the rise in screen time, 
particularly among children and adolescents, managing 
digital eye strain has become a priority. Interventions such 
as blue-light- blocking lenses and adherence to the 20-20-20 
rule (taking a 20-second break every 20 minutes of screen 
use) have shown effectiveness in reducing the risk of myopia 
progression due to excessive close-up work (Li et al., 2023).
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1.4	Digital Health and AI
Recent advances in digital health technologies have provided 
new avenues for myopia management, enabling remote 
monitoring and predictive modeling to improve treatment 
adherence and precision.
Predictive Algorithms: AI-driven models can predict the 
progression of myopia with remarkable accuracy, combining 
genetic data (such as PAX6 gene variants) with environmental 
factors like time spent outdoors and screen time. One such 
algorithm was able to predict myopia progression with 89% 
accuracy (Lin et al., 2023). This allows clinicians to tailor 
treatment plans more effectively and intervene earlier.
Telemedicine and Remote Monitoring: Platforms like 
MyopiaMaster allow for remote monitoring of axial length 
and other key metrics, improving patient adherence, 
especially in rural areas where access to specialized eye care 
may be limited (Wang et al., 2023).
2.	 Emerging Innovations
Several emerging treatments show promise for future myopia 
control strategies, including gene therapy, smart spectacles, 
and nutritional interventions.
2.1	Gene Therapy
Gene therapy has the potential to address the genetic 
underpinnings of myopia. Using CRISPR-Cas9 technology, 
researchers have successfully edited genes like BMP2 and 
TGF-β in animal models to halt scleral remodeling, preventing 
axial elongation (Zhang et al., 2023). While this approach 
is still in its early stages, it represents a novel and exciting 
direction for myopia management.
2.2	Smart Spectacles
SightGlass Vision’s DOT lenses, which use contrast-reducing 
optics to reduce peripheral defocus, have shown a 38% 
reduction in myopia progression in clinical trials (Cooper 
et al., 2022). These smart spectacles offer a non-invasive, 
comfortable solution for controlling myopia, particularly for 
children.
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2.3	Nutritional Interventions
Emerging evidence suggests that nutrition may play a role 
in myopia prevention. Omega-3 fatty acids and lutein, 
found in foods like fish and leafy greens, have been shown 
to reduce the risk of myopia in some studies (Ma et al., 2023). 
While further research is needed, dietary interventions may 
complement other myopia control strategies.
3.	 Challenges and Future Directions
Despite the advances in myopia control, several challenges 
remain:
Personalized Medicine: The development of biomarker-
driven treatment plans could optimize the efficacy of existing 
therapies, such as atropine and Ortho-K, by tailoring them to 
individual patients based on their genetic makeup and risk 
factors (Wei et al., 2023).
Global Access: Access to effective treatments remains a 
significant challenge in many low- and middle-income 
countries, where the cost of Ortho-K lenses and atropine can 
be prohibitive. More affordable solutions and subsidized 
programs are needed to ensure equitable access to myopia 
control therapies.
Long-Term Safety: Long-term studies are needed to evaluate 
the safety and efficacy of newer treatments like low-dose 
atropine and DIMS lenses, especially as they are increasingly 
used in children and young adults.
Conclusion
Myopia management has evolved from passive correction 
of refractive error to a more proactive, multi-disciplinary 
approach aimed at slowing progression and improving quality 
of life. Advances in pharmacological treatments, optical 
therapies, and digital health innovations offer promising 
solutions, but significant challenges remain, particularly in 
ensuring global equity and long-term safety. Collaborative 
efforts among clinicians, researchers, and policymakers will 
be essential to combat the growing myopia epidemic and 
reduce its global burden.
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