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Abstract: This study aims to explore the effect of lutein on visual function of ametropic children. This paper reviews the
definition and types of refractive error and its impact on children's visual development, and reveals the common visual
problems of children with refractive error. Then, the chemical structure, ocular distribution and the role of lutein in the
protection of retina and vision were introduced in detail, and the potential mechanism of lutein on the improvement of
visual function was elaborated. The study also evaluated the effect of lutein on the visual function of ametropic children
through the discussion of the actual effect. Finally, the application and recommendation strategies such as increasing lutein
intake through diet and supplements, guidance of parents and medical professionals, comprehensive preventive measures
and long-term tracking were proposed, in order to provide a scientific basis for visual health care of ametropic children.
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1. Introduction

Children's visual health is an important part of their all-round development. However, refractive error, as one of the
important factors affecting children's vision, often leads to various visual problems. Lutein is a natural nutrient in the eye,
and its role in visual health care has attracted much attention. This article will combine the visual challenges of ametropic
children to explore the mechanism of lutein and its impact on vision, aiming to provide new ideas and methods for
improving children's visual function.

2. Visual Challenges of Ametropic Children

2.1 Definition and types of refractive error

Refractive error refers to that the ability of the eye to aim at distant objects in an unregulated state is affected,
resulting in the failure to focus on the retina accurately. It mainly includes myopia, hyperopia, astigmatism and other
different types. Myopia refers to the fact that the ocular axis is too long or the refractive power is too strong, resulting in
the visual focus in front of the retina; Hyperopia, on the contrary, has a visual focus behind the retina; Astigmatism is
caused by the irregular shape of the cornea or lens, which makes light focus into scattered light. These types of refractive
errors affect the clarity of children's eyes to near and far objects [1].

2.2 The influence of refractive error on children's visual development

Children's visual development stage is the key period to shape the visual system. Refractive error may affect the

normal development of the visual nerve pathway and hinder the maturation of the visual system. Especially in childhood,
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the visual system is more sensitive to external stimuli, so refractive error may lead to uncoordinated visual development,
and then affect learning and daily life activities.

2.3 Common visual problems of ametropic children

Myopic children often have difficulties in reading. They need to put the book or screen close to their eyes to see the
text clearly, which is easy to cause eye fatigue. Hyperopic children may be blurred when seeing objects from a distance,
which may lead to difficulties in recognizing distant objects. Astigmatism children may have inflexible eye movements,
affecting spatial positioning and negatively affecting the ability to move and experience space.

3. Action Mechanism of Lutein and Its Effect on Vision

3.1 Chemical structure and ocular distribution of lutein

The conjugated double bond in the molecular structure of lutein is a special electronic structure, forming a w electron
cloud within the molecule. This structure makes lutein have strong absorption characteristics at the electronic level. The
existence of conjugated double bonds enables lutein molecules to absorb specific wavelengths of light, especially in
ultraviolet and blue light bands. This absorption property is the basis for lutein to play a role in the optical process of the
eye, because it enables lutein to selectively absorb light that is harmful to the eye, thereby protecting the eye tissue from
potential damage. The special distribution of lutein in the eye is crucial for its function of protecting ocular tissues. First,
lutein is mainly distributed in the retina, lens, iris and other key parts. In the retina, the content of lutein is relatively high,
which corresponds to its light absorption characteristics. This distribution pattern enables lutein to form a natural barrier in
the eye, effectively filtering out ultraviolet and blue light entering the eye. As the key part of visual information processing,
the high content of lutein helps to protect the retina from these harmful light damage [2].

The distribution of lutein in the lens and iris also plays an important role. The lens is a transparent structure in the eye
that is responsible for focusing light. The presence of lutein helps prevent harmful light from penetrating the lens, thereby
affecting visual clarity. The iris is the aperture of the eye, which controls the amount of light entering the eye by adjusting
the pupil size, and the distribution of lutein may also have a regulatory effect on this process, protecting the eye from
excessive light stimulation. The high content of lutein in the retina makes it an important optical filter in the eye.
Ultraviolet and blue light are part of daily light, but overexposure may cause potential damage to ocular tissues. The
molecular structure of lutein enables it to selectively absorb specific wavelengths of ultraviolet and blue light, preventing
these high-energy rays from entering the deep tissues of the eye. In terms of UV light absorption, lutein can effectively
reduce UV light damage to ocular tissues. UV is a kind of high-energy light, and excessive exposure may lead to eye
problems such as conjunctivitis and cataract. The presence of lutein helps reduce the risk of such damage and maintain the
health of the eyes. For blue light, especially the intense blue light from modern light sources such as electronic equipment
and LED lights, it may cause potential damage to retinal cells under long-term exposure. Lutein can absorb blue light and
block it from entering the retina, which helps to reduce the stimulation of blue light on the retina and reduce the potential
damage.

The antioxidant effect of lutein is realized through multiple electrophilic groups contained in its molecular structure.
These electrophilic groups can bind to free radicals and neutralize their activity, thereby alleviating the damage of
oxidative stress to ocular tissues. Free radicals are molecules with unstable electrons. Their production in ocular cells may
be due to ultraviolet irradiation, oxygen peroxidation and other processes. Excessive free radicals may lead to oxidative
damage of biomolecules such as cell membranes, proteins and nucleic acids. Lutein combines with free radicals by

donating electrons, playing an antioxidant role and protecting ocular cells from oxidative damage.




3.2 Role of lutein in protecting retina and vision

The retina is the key tissue in the eye, which is responsible for sensing light and transmitting visual information. Light
passes through the eye and irradiates the photoreceptor cells on the retina, triggering the transmission process of visual
signals. The high content of lutein plays a protective role in this process. By absorbing ultraviolet and blue light, it
alleviates the potential damage of these lights to photoreceptor cells and helps maintain normal visual signal transmission.
Retinal damage caused by optical properties, such as optical macular degeneration, is associated with excessive light
exposure. Lutein reduces the damage of these high-energy rays to the retina by filtering out the ultraviolet and blue light
incident on the eyeball. This preventive effect helps to protect the macular region and maintain the healthy state of the
retina, thus slowing down the damage process caused by optical properties.

Lutein may alleviate the cell damage caused by inflammatory reactions by regulating the cellular immune response of
retina. Under inflammatory conditions, cells may be affected by oxidative stress and inflammatory mediators, resulting in
structural and functional abnormalities of retinal tissue. The regulatory effect of lutein helps maintain the normal cellular
immune balance and reduce cell damage, thus protecting the retina from the adverse effects of inflammation. The lens is a
transparent structure in the eye, which is responsible for focusing light and making the image clear. Lutein reduces the
potential damage of these high-energy rays to the lens by filtering ultraviolet and blue light. The transparency of the lens is
essential to maintain visual clarity, and the protective effect of lutein helps to prevent lens opacification caused by
prolonged light exposure, thereby slowing down the development of cataract. The filtering function of lutein also helps to
prevent eye problems related to lens, such as blurred vision, astigmatism, etc. This provides a comprehensive protective
mechanism for maintaining the overall vision, especially when people use electronic equipment for a long time and are
exposed to artificial light sources in modern society, and the role of lutein is particularly important. The antioxidant
properties of lutein have positive effects on various tissues of the eye, including the cornea. The cornea is a transparent
structure in the front of the eye, which is crucial for the refraction of light and the clarity of vision. By inhibiting the
oxidation process, lutein helps maintain the normal metabolism and structure of corneal tissue, reduce the potential damage
of oxidative stress to the cornea, and help maintain the health of the ocular surface [3].

3.3 Potential mechanism of lutein on visual function improvement

Lutein provides strong support for the normal operation of visual nerve conduction by protecting the retina from
damage caused by optical properties. Visual nerve conduction is a key process for visual information to be transmitted
from the eye to the brain, and the presence of lutein helps to ensure the accuracy of this conduction process. By preventing
the potential damage of harmful light to the retina, lutein maintains the health of photoreceptor cells and ensures the
accurate transmission of visual signals. Especially for ametropic children, their visual system may face greater challenges.
The neuroprotective effect of lutein plays an important role in optimizing visual nerve conduction. In modern life, long-
term use of electronic equipment and exposure to blue light may lead to visual fatigue and eye strain, affecting the comfort
and clarity of vision. Lutein reduces the irritation of harmful light, especially blue light, to eye tissues. This not only helps
to slow down the occurrence of visual fatigue, but also improves the overall comfort of vision. Ametropic children may be
more likely to feel tired due to visual problems, and the soothing effect of lutein is expected to have a positive impact on
their visual experience.

The optical properties of lutein endow it with the ability to improve contrast sensitivity, that is, the ability to perceive
the differences between different brightness and color. This is particularly important for ametropic children, because they
may face problems such as blurred vision and astigmatism, and the improvement of contrast sensitivity can help them

recognize objects and characters more clearly. By improving contrast sensitivity, lutein helps optimize visual perception,




improve detail recognition ability, and thus improve the overall visual quality. The antioxidant properties of lutein play a
key role in maintaining ocular surface health. The cornea and conjunctiva are the key tissues of the ocular surface, which
are essential for ocular comfort and normal visual function. By inhibiting the process of oxidative stress, lutein helps
reduce the risk of damage to these tissues. This has a positive impact on the prevention of discomfort symptoms such as
dryness and tingling on the ocular surface, and improves the overall comfort of vision. Especially in modern society, due to
long-term use of electronic equipment and exposure to pollutants and other factors, the maintenance of eye surface health
has become particularly important, and the nursing role of lutein is expected to provide protection.

For the development of children's visual system, the protective effect of lutein has an important positive impact on the
establishment of normal visual function. Children's visual system needs good nutritional support in the process of growth
to ensure normal development. By reducing the possibility of retinal damage, lutein may help ensure the normal
development of children's visual system and improve their ability to adapt to visual stimuli. This is of great significance for
preventing children's visual problems and promoting the all-round development of the visual system. The action of lutein
may provide a natural and effective support for children and help shape their healthy visual base.

4. Effect of Lutein on Visual Function of Ametropic Children

Case: Xiao Ming, 8 years old, refractive error, lutein supplementation therapy

Xiao Ming was diagnosed with refractive error and myopia in recent eye examination. After discussing with the
ophthalmologist, the doctor suggested increasing the intake of lutein in daily life to explore its potential improvement
effect on Xiao Ming's visual function.

During the treatment, Xiao Ming obtained appropriate lutein through food intake and lutein supplements every day.
After months of observation and treatment, the following effects were observed: Xiao Ming's vision was improved,
especially on long-distance targets. His ophthalmic examination revealed a slight decrease in myopia, suggesting that lutein
supplementation may help slow the progression of refractive error. In the process of learning and using electronic
equipment in school, Xiao Ming's visual fatigue was significantly reduced. He reported that his eyes no longer felt sore and
dry after using them for a long time, which provided conditions for him to better concentrate. Xiao Ming performs better in
some tasks that require identifying details. It is easier to identify the differences between different brightness and color,
which reflects the improvement of contrast sensitivity. Xiao Ming often complained about discomfort on the surface of his
eyeball before, including feeling dry and astringent. After lutein supplementation, these symptoms were alleviated and the
ocular surface health was improved. With the improvement of eyesight, Xiao Ming's interest in reading and learning has
increased significantly. He showed a more positive learning attitude, which was related to the visual protective effect of
lutein [4].

5. Application and Recommendation Strategy of Lutein

5.1 Increasing lutein intake through diet and supplements

In order to improve the visual function of ametropic children, the appropriate intake of lutein is crucial. First, the
natural intake of lutein can be increased by adjusting the dietary structure. Foods such as spinach, cabbage, corn and other
green vegetables and fruits, as well as egg yolk, corn oil and other foods are rich in lutein. Parents can encourage their
children to eat more lutein rich foods to improve their intake. In addition, dietary supplements are also an effective way to
increase lutein intake, especially when lutein content in food is insufficient or children's dietary structure is limited. Select
high-quality lutein supplements, and determine the appropriate dose according to the recommendations of medical
professionals. However, before using any supplements, parents are advised to consult the doctor's advice to ensure the

rationality and safety of the dose.




5.2 Guiding significance of parents and medical professionals

Parents should ensure that their children have regular eye examinations to monitor changes in refractive error and
assess visual health. Early detection of problems helps to take timely measures. Parents can encourage their children to
carry out outdoor activities, which help reduce eye fatigue and promote visual development. Natural light in the outdoor
environment is also beneficial to adjust the focusing ability of the eye. Parents should reasonably control the time their
children spend using electronic devices, especially if they watch the screen for a long time, which may have a negative
impact on their eyes. It is also beneficial to use blue light filters or take regular breaks. Parents can educate their children
about the importance of a healthy diet, including the intake of lutein rich foods. It is also necessary to add green vegetables
and fruits to the family diet and cultivate good eating habits.

5.3 Comprehensive preventive measures and long-term tracking

In outdoor activities, it is important to use protective glasses to reduce the damage of ultraviolet rays to the eyes. In
addition, rubbing our eyes with our hands should be avoided to prevent infection and injury. In the learning environment, it
is important to ensure that the learning environment has moderate light and avoid strong reflections and shadows. At the
same time, the height of desk and chair should be adjusted to maintain correct reading posture. Medical professionals
should regularly review the vision of children and establish a long-term tracking mechanism and timely adjust the
treatment plan to ensure the stability and improvement of visual function [5].

6. Conclusion

In the future, more in-depth research and clinical practice will provide us with more information about the mechanism
and application effect of lutein in children's eye health. We are looking forward to more scientific discoveries to better
serve the healthy growth of children. Through our joint efforts, we are expected to provide more effective visual protection
and improvement programs for ametropic children, paving the way for their future development.
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