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Introduction

In recent years, research into the impact of nutrition on brain health has 
gained significant traction. Among the various dietary components under 
investigation, macular carotenoids, specifically lutein, zeaxanthin, and meso-
zeaxanthin, have emerged as focal points of interest. Initially recognized for 
their crucial role in eye health, these carotenoids have been increasingly 
linked to cognitive function and overall brain health. This review delves into 
the recent research surrounding macular carotenoids, exploring their roles 
in brain function throughout the lifespan and shedding light on their potential 
implications for neurological disorders and cognitive decline. Macular 
carotenoids are a group of pigments, predominantly lutein, zeaxanthin, and 
meso-zeaxanthin, which are found in high concentrations in the macula of the 
human eye. They are potent antioxidants known for their ability to protect the 
retina from damage caused by oxidative stress and high-energy light waves, 
such as ultraviolet and blue light. However, beyond their ocular benefits, these 
carotenoids have been found to exert positive effects on various aspects of 
brain function. Zeaxanthin, along with its stereoisomer meso-zeaxanthin, 
constitutes the other major components of macular carotenoids [1].

Description

They are found in similar food sources and are vital for ocular health. 
Recent research suggests a positive correlation between higher macular 
carotenoid levels and better cognitive performance, especially in tasks related 
to processing speed, attention, and memory. Studies have indicated that 
individuals with higher lutein and zeaxanthin levels tend to exhibit superior 
cognitive abilities, leading to the hypothesis that these carotenoids may 
support neural processing and efficiency in the brain. Macular carotenoids 
possess potent antioxidant properties, which make them capable of 
neutralizing harmful free radicals in the brain. Oxidative stress is implicated in 
various neurodegenerative disorders, and the neuroprotective role of macular 
carotenoids suggests their potential in mitigating the risk or progression of 
conditions such as Alzheimer's disease and Parkinson's disease. Studies 
have explored the impact of macular carotenoids on visual processing and 
motor response. Higher levels of these carotenoids have been associated with 
improved visual-motor reaction times, indicating enhanced neural efficiency in 
processing visual information and translating it into motor responses. Maternal 
nutrition plays a vital role in the early development of the fetal brain. Emerging 
research suggests that maternal intake of macular carotenoids during 
pregnancy may have a positive influence on the neurodevelopment of the child. 
Lutein, in particular, has been found in breast milk, emphasizing its importance 

for infants' cognitive development during breastfeeding. Beyond cognitive 
function, macular carotenoids have been linked to psychological well-being. 
Studies have explored their potential role in reducing symptoms of anxiety and 
depression, suggesting a connection between these carotenoids and mood 
regulation. While the exact mechanisms are yet to be fully elucidated, the 
evidence indicates a promising avenue for further research. In the context of 
childhood development, adequate nutrition is critical for optimal brain function. 
Research has indicated that higher lutein and zeaxanthin levels are associated 
with better academic achievement in children [2].

These carotenoids are believed to enhance learning abilities, memory 
retention, and attention span, all of which are crucial for academic success. 
Macular pigment optical density serves as a measure of macular carotenoid 
levels in the eye. Studies have shown a positive correlation between MPOD 
and various cognitive functions, suggesting that MPOD could serve as a 
potential biomarker for assessing an individual's risk of cognitive decline 
or neurological disorders. Alzheimer's disease, the most common form of 
dementia, is characterized by the progressive loss of cognitive functions. 
Oxidative stress and inflammation play significant roles in its pathogenesis. 
Macular carotenoids, with their antioxidant properties, hold promise in reducing 
the risk of Alzheimer's disease and slowing its progression. Parkinson's 
disease is a neurodegenerative disorder primarily affecting movement. While 
the exact etiology is complex, oxidative stress and mitochondrial dysfunction 
are believed to contribute to the degeneration of dopaminergic neurons. 
Macular carotenoids, by mitigating oxidative stress, could potentially offer 
neuroprotective effects in Parkinson's disease. Age-related cognitive decline is 
a natural part of the aging process. However, the rate and extent of decline can 
vary among individuals. Nutritional interventions, including the incorporation of 
macular carotenoids, may support healthy brain aging by preserving cognitive 
functions and neural integrity. The research on macular carotenoids and their 
roles in brain function throughout the lifespan underscores the importance of 
nutrition in maintaining optimal cognitive health. From supporting cognitive 
development in children to potentially mitigating the risk of neurodegenerative 
disorders in older adults, these carotenoids have demonstrated diverse and 
promising effects on the brain [3].

As ongoing research continues to unravel the intricate mechanisms 
underlying the interactions between macular carotenoids and brain function, 
the implications for public health and clinical interventions are substantial. 
Encouraging a diet rich in lutein, zeaxanthin and meso-zeaxanthin through 
the consumption of leafy greens, colorful fruits, and eggs could contribute not 
only to ocular health but also to the promotion of lifelong cognitive vitality. It is 
imperative that further studies delve into the optimal dosages, bioavailability, 
and potential synergistic effects of macular carotenoids in conjunction 
with other nutrients. By harnessing the power of these natural compounds, 
researchers and healthcare practitioners have the opportunity to make 
significant strides in the prevention and management of neurological disorders 
and age-related cognitive decline, ultimately enhancing the quality of life for 
individuals across the lifespan. Carotenoids are a group of naturally occurring 
pigments with antioxidant properties that are abundant in fruits and vegetables. 
While carotenoids are most well-known for their role in maintaining eye health 
and preventing age-related macular degeneration, emerging research has 
uncovered their significant impact on brain function.

This review delves into recent research exploring the roles of macular 
carotenoids in brain function throughout the lifespan, from early development 
to healthy aging and neuroprotection against age-related cognitive decline. 
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Before delving into the roles of macular carotenoids in brain function, it is 
essential to understand what these compounds are and where they are 
found. Lutein, zeaxanthin, and meso-zeaxanthin are carotenoids primarily 
concentrated in the macula, a region of the retina responsible for central vision 
and visual acuity. These carotenoids are known for their ability to filter harmful 
high-energy blue light and reduce oxidative stress in the retina, thus protecting 
against age-related macular degeneration. However, the story of macular 
carotenoids goes beyond eye health. These carotenoids are also found in 
significant quantities in the brain, where they play a crucial role in maintaining 
cognitive function and overall brain health. Recent research has uncovered a 
range of benefits associated with macular carotenoid intake, from enhancing 
cognitive development in children to protecting against cognitive decline in the 
elderly. Research suggests that maternal intake of macular carotenoids during 
pregnancy may have a positive impact on cognitive development in infants [4].

These carotenoids have been linked to improved neural development, 
better visual-spatial skills, and enhanced cognitive abilities in children. Breast 
milk is another source of macular carotenoids for infants. Mothers with higher 
carotenoid levels in their breast milk may provide cognitive benefits to their 
nursing infants. These findings highlight the importance of maternal nutrition 
and carotenoid intake during pregnancy and lactation. The role of macular 
carotenoids in cognitive development extends into childhood and adolescence. 
Studies have shown a positive association between higher dietary intake of 
lutein and zeaxanthin and cognitive performance in children and adolescents. 
Improved memory, attention, and academic achievement have been reported 
in those with higher macular carotenoid levels. These benefits may be 
attributed to the role of macular carotenoids in reducing oxidative stress and 
inflammation in the brain, which can enhance neural connectivity and plasticity 
during critical periods of development. As individuals age, cognitive decline 
becomes increasingly common. However, macular carotenoids may help 
mitigate age-related cognitive decline. Research indicates that higher levels of 
lutein and zeaxanthin are associated with better cognitive performance in older 
adults. These carotenoids are thought to protect against oxidative damage, 
reduce inflammation, and support neural integrity in the aging brain. 

The relationship between macular carotenoids and cognitive function 
is particularly relevant for tasks involving visual-spatial skills and memory, 
which are functions associated with the macular region of the brain. Emerging 
evidence suggests that macular carotenoids may play a role in protecting 
against neurodegenerative diseases such as Alzheimer's and Parkinson's 
disease. These carotenoids' antioxidant and anti-inflammatory properties may 
help prevent the accumulation of neurotoxic proteins and the loss of cognitive 
function associated with these conditions. While further research is needed 
to establish a definitive link, the potential neuroprotective effects of macular 
carotenoids offer promise in the fight against age-related cognitive decline and 
dementia. Lutein, zeaxanthin, and meso-zeaxanthin are potent antioxidants 
that neutralize harmful free radicals and reduce oxidative stress in the brain. 
Additionally, they possess anti-inflammatory properties that help protect neural 
cells from damage caused by chronic inflammation. Macular carotenoids may 
enhance neural survival by promoting cell viability and reducing neural cell 
death in response to various stressors. Some studies suggest that macular 
carotenoids can improve neural connectivity, particularly in regions associated 
with visual processing and memory. These carotenoids may also promote 
cerebral blood flow, ensuring an adequate supply of oxygen and nutrients 
to brain cells. Macular carotenoids may modulate neurotransmitter systems, 
such as dopamine and serotonin, which play critical roles in cognitive function 
and mood regulation. While dietary intake is the most natural way to obtain 
macular carotenoids, supplements are also available. These supplements 

often contain a combination of lutein, zeaxanthin and meso-zeaxanthin. They 
are marketed for eye health, but their potential cognitive benefits are an active 
area of research. The optimal intake of macular carotenoids for cognitive 
health remains an area of ongoing research [5].

Conclusion

However, a balanced diet rich in fruits and vegetables is generally 
recommended to ensure an adequate intake of these carotenoids. Supplements 
should be used with caution and under the guidance of a healthcare professional. 
While supplements may be beneficial for individuals with specific dietary 
restrictions or absorption issues, excessive intake of carotenoid supplements 
should be avoided, as it may lead to skin discoloration. In recent years, 
research on macular carotenoids, specifically lutein, zeaxanthin and meso-
zeaxanthin, has revealed their significant roles in brain function throughout 
the lifespan. From supporting cognitive development in infants to protecting 
against age-related cognitive decline in the elderly, these carotenoids have 
demonstrated a range of cognitive benefits. The mechanisms underlying these 
benefits, including their antioxidant, anti-inflammatory and neuroprotective 
properties, highlight their potential as natural agents for promoting brain health. 
As ongoing research continues to unravel the intricate relationship between 
macular carotenoids and brain function, incorporating a diet rich in these 
compounds becomes increasingly relevant for individuals seeking to maintain 
cognitive vitality and protect against age-related neurodegenerative diseases. 
Through a combination of a balanced diet and further scientific exploration, 
macular carotenoids may well prove to be key players in the quest for cognitive 
longevity and a healthier brain throughout life.
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