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Abstract: Refractive errors—including myopia, hyperopia, astigmatism, and presbyopia—affect over 2.3 billion people globally, with
myopia incidence rising sharply among children in urban environments. While conventional interventions like corrective lenses and
surgery address optical symptoms, they do not target the biological processes contributing to refractive error progression. Emerging
evidence highlights the role of oxidative stress, inflammation, and extracellular matrix remodeling in ocular changes, particularly axial
elongation in myopia. In this context, nutraceuticals—bioactive food-derived compounds—offer promising adjunctive and preventive
strategies. Key nutraceuticals such as omega-3 fatty acids, lutein, zeaxanthin, astaxanthin, anthocyanins, and flavonoids exhibit
antioxidant, anti-inflammatory, and neuroprotective properties. These nutrients modulate retinal oxidative stress, inhibit inflammatory
mediators, enhance choroidal blood flow, and influence gene expression involved in scleral remodeling. Clinical and experimental studies
suggest that such interventions may slow myopia progression, improve visual acuity, and reduce digital eye strain and accommodative
fatigue. Despite these benefits, challenges persist, including variability in formulations, inconsistent dosing protocols, limited long-term
safety data, and patient adherence. Moreover, nutrient bioavailability and individual genetic polymorphisms can significantly impact
clinical outcomes. Therefore, personalized supplementation strategies tailored to risk profiles and ocular assessments are essential. With
increasing interest in non-invasive approaches to vision care, nutraceuticals may serve as valuable adjuncts to conventional treatments.
Ongoing research, standardized clinical guidelines, and strengthened regulatory oversight will be critical to integrating nutraceuticals
effectively into refractive error management and broader ocular health strategies.
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1. Introduction

Refractive errors, including myopia, hyperopia, astigmatism,
and presbyopia, affect more than 2.3 billion people globally,
with myopia being the most prevalent, particularly in children
and young adults living in urban environments (1).
Traditionally, corrective lenses and refractive surgeries have
been the primary methods for managing refractive disorders.
However, these interventions focus solely on correcting the
refractive error rather than addressing the underlying
biological processes that contribute to the development and
progression of these conditions. Of particular importance are
the roles of oxidative stress and inflammation in ocular
growth, structural changes, and overall eye health—factors
that are particularly critical in myopia (2).

In recent years, nutraceuticals—naturally derived food
substances with therapeutic benefits—have attracted growing
attention in the field of eye care. These substances are
increasingly considered not only for their potential
therapeutic applications but also as preventive measures to
support long-term ocular health. Nutraceuticals primarily
exert their effects through the modulation of oxidative stress,
inflammation, and extracellular matrix stability, all of which
play crucial roles in the development of refractive errors (3).

Modern dietary patterns, particularly in urbanized
environments, are often deficient in essential micronutrients
and antioxidants. Factors such as excessive screen time,
limited outdoor exposure, and environmental stressors further
exacerbate oxidative damage in ocular tissues. The eye is
especially vulnerable to oxidative stress due to its high
oxygen consumption and constant exposure to light. When
oxidative stress exceeds the eye's capacity for defense, it can

lead to retinal dysfunction, promote scleral remodeling, and
increase the risk of refractive errors. In this context,
nutraceuticals are increasingly being viewed as a promising
strategy to prevent or slow the progression of these
conditions, while also maintaining the structural integrity of
the eye.

Biological Rationale for Nutraceutical Use

The eye is uniquely vulnerable to oxidative damage due to its
constant exposure to light and high metabolic demands,
which include significant oxygen consumption. Reactive
oxygen species (ROS), byproducts of normal cellular
metabolism, can cause cellular damage when their production
exceeds the eye’s antioxidant defense capacity. In myopia, for
instance, ROS have been implicated in scleral remodeling and
axial elongation, processes that are central to the development
of this refractive disorder (4). Therefore, nutraceuticals with
antioxidant and anti-inflammatory properties may play a
critical role in protecting ocular tissues from oxidative
damage and promoting optimal eye function.

Several nutraceuticals have been extensively studied for their
potential to reduce oxidative stress and inflammation in
ocular tissues. Omega-3 fatty acids, particularly
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), have been shown to reduce inflammation and
oxidative damage in the retina, potentially protecting retinal
cells and promoting overall ocular health (5). Similarly,
carotenoids such as lutein and zeaxanthin act as potent
antioxidants, especially in the macula where they absorb
harmful blue light and neutralize ROS. These carotenoids
help reduce oxidative stress in retinal tissues and may be
particularly effective in preventing the progression of myopia
in children (7). Astaxanthin, another carotenoid with even
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stronger antioxidant properties, has been shown to reduce
oxidative damage in ocular tissues and improve
accommodative function, which is especially relevant for
conditions like presbyopia and digital eye strain (8).
Collectively, these nutraceuticals help mitigate oxidative
stress and support the structural integrity and function of
ocular tissues, enhancing cellular resilience in the face of
prolonged oxidative or inflammatory insults.

Key Nutraceuticals in Refractive Disorders

1) Omega-3 Fatty Acids: Predominantly found in fish oil,
EPA and DHA are well-known for their anti-
inflammatory properties. These fatty acids help improve
retinal health by reducing oxidative stress and
inflammation, which are implicated in myopia and other
refractive disorders (6). Omega-3 fatty acids also support
tear film stability and alleviate dry eye symptoms, which
are often associated with prolonged contact lens use,
potentially slowing axial elongation in myopic
individuals.

2) Lutein and Zeaxanthin: These carotenoids are
concentrated in the macula, where they filter harmful
blue light and neutralize ROS, thus maintaining the
integrity of retinal photoreceptors. Clinical studies have
shown that lutein and zeaxanthin supplementation can
improve visual acuity, enhance contrast sensitivity, and
potentially slow myopia progression in children (7).
These carotenoids are particularly important for
preventing axial elongation, highlighting their potential
as preventive therapies in myopia management.

3) Astaxanthin: A potent antioxidant derived from
microalgae, astaxanthin has been studied for its ability to
reduce ciliary muscle fatigue and improve
accommodative function in individuals with presbyopia.
It also alleviates eye strain caused by prolonged screen
time (8). Additionally, astaxanthin  supports
mitochondrial function, offering protective effects
against oxidative damage in retinal cells, making it a
promising nutraceutical for both refractive errors related
to aging and digital eye strain.

4) Vitamin C and Vitamin E: Both of these vitamins are
essential components of the eye's antioxidant defense
system. Vitamin C supports collagen synthesis, which is
crucial for maintaining the structural integrity of the
sclera and lens, while also stabilizing the aqueous humor
and promoting corneal epithelial regeneration (9).
Vitamin E protects cell membranes from oxidative
damage by preventing lipid peroxidation, contributing to
the maintenance of overall ocular health and potentially
reducing refractive changes due to aging.

5) Zinc and Copper: Zinc plays a vital role in the activity
of several retinal enzymes, including superoxide
dismutase (SOD), an important antioxidant enzyme (10).
Copper, another essential trace element, supports energy
metabolism and visual cycle maintenance. These
minerals work together to maintain retinal health and
reduce the risk of refractive errors.

6) Flavonoids: Compounds such as quercetin, hesperidin,
and bilberry extract have been shown to support capillary
health and reduce inflammation in ocular tissues (11).
Bilberry anthocyanins, in particular, enhance night vision
and may reduce visual fatigue, improving overall retinal
function.

7) Anthocyanins: Powerful antioxidants found in dark
berries, anthocyanins reduce oxidative stress in the eye
and improve visual function (12). Clinical studies
indicate that anthocyanins can enhance night vision and
alleviate symptoms of eye fatigue, particularly relevant
for individuals who experience prolonged screen
exposure or suffer from presbyopia.

8) Taurine: An amino sulfonic acid abundant in the retina,
taurine plays a critical role in photoreceptor survival,
intracellular calcium regulation, and oxidative defense.
Taurine deficiency has been linked to retinal
degeneration, and its supplementation may offer
therapeutic potential for retinal diseases and refractive
disorders.

9) Resveratrol: Found in grapes and red wine, resveratrol
activates SIRT1, a protein that protects retinal ganglion
cells from oxidative damage. Experimental models
suggest that resveratrol may also prevent pathological
myopia progression by modulating cellular stress
pathways.

Clinical Evidence and Emerging Studies

Emerging clinical trials suggest that nutraceuticals could be
effective in slowing myopia progression, particularly in
children. For instance, a randomized trial evaluating lutein
and zeaxanthin supplementation over 12 months found a
significant reduction in axial length progression in children
with myopia (13). Another study demonstrated that
astaxanthin supplementation improved accommodative
function and reduced eye strain in middle-aged adults with
presbyopia (14). A 2021 meta-analysis of 17 randomized
controlled trials concluded that nutraceuticals, including
omega-3 fatty acids, lutein, and anthocyanin-rich
supplements, significantly enhanced visual parameters such
as contrast sensitivity, glare recovery, and tear film stability.
These findings suggest that nutraceuticals can not only
improve visual performance but also contribute to overall
ocular wellness, particularly when used as preventive
therapies in children with a familial predisposition to myopia.

2. Mechanisms of Action

The potential benefits of nutraceuticals in managing
refractive disorders are supported by a variety of biological
mechanisms that collectively aim to preserve ocular health
and prevent structural changes, such as axial elongation and
accommodative decline. Key mechanisms include:

1) Reduction of Oxidative Stress and Lipid
Peroxidation: The eye’s high metabolic activity and
constant exposure to light make it especially vulnerable
to oxidative stress. Reactive oxygen species (ROS)
generated from metabolic processes and environmental
exposures (e.g., UV light, pollution) can damage cellular
membranes and retinal tissues through lipid
peroxidation. Nutraceuticals like omega-3 fatty acids,
lutein, and zeaxanthin possess potent antioxidant
properties that help neutralize ROS, thereby reducing
oxidative stress and preserving retinal and scleral
integrity (5). By protecting ocular tissues from oxidative
damage, these compounds may prevent or slow the
progression of refractive errors.
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2) Modulation of Gene Expression in Scleral
Remodeling: Scleral remodeling, a key feature of
progressive myopia, involves alterations in the
extracellular matrix that lead to axial elongation.
Nutraceuticals such as polyphenols and flavonoids have
been found to influence gene expression pathways
involved in collagen synthesis and degradation,
including the regulation of matrix metalloproteinases
(MMPs). By modulating these pathways, nutraceuticals
may help maintain scleral stability and reduce the rate of
myopic progression (10).

3) Inhibition of Inflammatory Mediators (TNF-a, IL-6):
Chronic inflammation is increasingly recognized as a
contributor to the pathogenesis of refractive errors. Pro-
inflammatory cytokines such as TNF-alpha and IL-6 can
exacerbate tissue damage and ocular remodeling.
Astaxanthin and flavonoids have demonstrated anti-
inflammatory activity, notably inhibiting the production
of these mediators, thus reducing inflammation and
protecting ocular tissues from degenerative changes (11).

4) Enhancement of Choroidal Circulation and Retinal
Perfusion: Adequate blood flow through the choroid and
retina is essential for maintaining photoreceptor health
and visual function. Poor perfusion can lead to ischemic
injury and contribute to the progression of myopia.
Nutraceuticals rich in anthocyanins and flavonoids have
been shown to improve microcirculation and enhance
oxygen and nutrient delivery to ocular tissues, thereby
supporting retinal vitality (12).

5) Preservation of Retinal Ganglion Cell (RGC)
Integrity: RGCs are crucial for transmitting visual
information to the brain. Their degeneration is implicated
not only in diseases like glaucoma but also potentially in
refractive changes due to oxidative or inflammatory
damage. Nutraceuticals such as resveratrol and
astaxanthin exhibit neuroprotective effects by reducing
oxidative damage and preserving RGC function (13).
This may help maintain visual performance and prevent
structural changes associated with refractive error
development.

3. Challenges and Considerations

Despite the promise of nutraceuticals in supporting ocular
health and managing refractive errors, several practical and
clinical challenges must be addressed:

1) Variability in Formulation: Nutraceutical products
often differ in active ingredient concentration, purity, and
bioavailability. This inconsistency can lead to
unpredictable clinical outcomes. Standardization and
stringent quality control across manufacturers are
essential for ensuring consistency and reliability.

2) Lack of Regulatory Oversight: Unlike
pharmaceuticals, most nutraceuticals are not subject to
rigorous regulatory approval processes. This lack of
oversight raises concerns about safety, efficacy, and
product labeling. Without standardized regulations, both
practitioners and patients face difficulties in choosing
evidence-based formulations.

3) Absence of Standardized Clinical Protocols: There is
no consensus on optimal dosages, duration of
supplementation, or specific indications for nutraceutical
use in refractive error management. Many clinical studies

vary widely in design, making it difficult to formulate
clear treatment guidelines.

4) Dosage Inconsistencies and Limited Long-Term
Safety Data: While short-term use of most nutraceuticals
is considered safe, long-term safety data are lacking,
especially for  high-dose or  multi-compound
formulations. Furthermore, inconsistent dosages across
studies limit the ability to establish universally accepted
therapeutic regimens (15).

5) Bioavailability and Genetic Variability: The
effectiveness of supplementation is influenced by
nutrient bioavailability and individual genetic factors.
Polymorphisms in genes regulating carotenoid transport
or fatty acid metabolism may impact how well
individuals absorb and utilize specific nutrients, calling
for personalized approaches to supplementation.

6) Patient Adherence: Since nutraceuticals typically
require long-term, daily intake, adherence can be a
significant issue. Patients may not perceive immediate
benefits and may discontinue use prematurely. Education
and counseling about the long-term preventive role of
these supplements are key to improving compliance.

7) Risk of Over-Supplementation or Interactions:
Although generally safe, excessive supplementation or
combining multiple products may lead to adverse effects
or interactions with medications. Clinicians must
carefully assess individual health profiles to minimize
risks.

4. Discussion

Synthesis of Findings

This review highlights the emerging role of nutraceuticals in
managing refractive disorders, particularly myopia and
presbyopia. Clinical and preclinical studies support the
benefits of omega-3 fatty acids, lutein, zeaxanthin,
astaxanthin, and anthocyanins in reducing oxidative stress,
improving retinal perfusion, and slowing axial elongation.

Omega-3 fatty acids (EPA and DHA) offer anti-inflammatory
benefits and support tear film stability, especially useful for
digital eye strain and contact lens users. Lutein and
zeaxanthin, concentrated in the macula, help absorb blue light
and protect photoreceptors. Astaxanthin  improves
accommodative function and reduces eye fatigue, which is
particularly relevant for presbyopia. Anthocyanins and other
flavonoids have been shown to enhance microvascular
circulation, reduce visual fatigue, and support night vision.

These compounds may provide additive or synergistic effects,
especially when used in combination. Their ability to target
multiple  mechanisms—such  as  oxidative  stress,
inflammation, and vascular insufficiency—positions them as
promising adjuncts in refractive care.

5. Clinical Implications

Although nutraceuticals do not replace optical correction or
surgical interventions, they offer complementary benefits that
could enhance visual performance and possibly delay the
progression of refractive errors. Preventive supplementation,
especially in high-risk pediatric populations or aging adults,
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could be incorporated into a broader public health strategy for
eye care.

However, current evidence is limited by small sample sizes,
short study durations, and heterogeneity in supplement
formulations. Until large-scale, well-controlled trials are
conducted, nutraceuticals should be used cautiously and in
conjunction with established treatment methods.

6. Challenges and Limitations

Key challenges include the variability in bioavailability,
inconsistent dosing, limited regulatory oversight, and
potential risks associated with long-term use or poly-
supplementation. Personalized supplementation strategies,
guided by individual health status, genetic profile, and dietary
intake, may help overcome some of these limitations.

7. Future Directions

Future research should focus on:

o Large-scale, long-duration clinical trials
standardized formulations and outcome measures.

o Synergistic combinations of nutraceuticals to identify the
most effective strategies.

e Personalized nutrition, using genetic and metabolic
profiling to guide supplementation.

o Improved regulation and quality assurance, ensuring
that products meet clinical standards for safety and
efficacy.

with

8. Conclusion

Nutraceuticals represent a promising adjunctive strategy in
the management of refractive disorders such as myopia,
hyperopia, astigmatism, and presbyopia. By targeting
oxidative stress, inflammation, and scleral remodeling, these
compounds may support structural and functional ocular
health. While not a replacement for conventional treatments,
their preventive and therapeutic potential—especially when
personalized and well-regulated—positions nutraceuticals as
a valuable addition to holistic refractive care. With further
clinical validation and regulatory support, nutraceuticals may
become integral to future eye health management.
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