
ADAMIUK, Julia, KOPEĆ, Karolina, BARTOSZEK, Aleksandra, MARUT, Agnieszka, BISKUP, Marta, MISIUK, Jagoda, SKUBA,
Adriana, ZAŁUSKA, Katarzyna, ŚWIDNIAK, Agnieszka and NYKIEL, Sylwia. The Role of Omega-3 Fatty Acids in Cognitive
Health: From Development to Aging and Neurodegenerative Protection. Quality in Sport. 2025;41:58753. eISSN 2450-3118.
https://doi.org/10.12775/QS.2025.41.58753
https://apcz.umk.pl/QS/article/view/58753

The journal has been awarded 20 points in the parametric evaluation by the Ministry of Higher Education and Science of Poland. This is
according to the Annex to the announcement of the Minister of Higher Education and Science dated 05.01.2024, No. 32553. The journal has
a Unique Identifier: 201398. Scientific disciplines assigned: Economics and Finance (Field of Social Sciences); Management and Quality
Sciences (Field of Social Sciences).
Punkty Ministerialne z 2019 - aktualny rok 20 punktów. Załącznik do komunikatu Ministra Szkolnictwa Wyższego i Nauki z dnia 05.01.2024
Lp. 32553. Posiada Unikatowy Identyfikator Czasopisma: 201398. Przypisane dyscypliny naukowe: Ekonomia i finanse (Dziedzina nauk
społecznych); Nauki o zarządzaniu i jakości (Dziedzina nauk społecznych). © The Authors 2025.
This article is published with open access under the License Open Journal Systems of Nicolaus Copernicus University in Torun, Poland.
Open Access: This article is distributed under the terms of the Creative Commons Attribution Noncommercial License, which permits any
noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. This is an open
access article licensed under the terms of the Creative Commons Attribution Non-commercial Share Alike License
(http://creativecommons.org/licenses/by-nc-sa/4.0/), which permits unrestricted, non-commercial use, distribution, and reproduction in any
medium, provided the work is properly cited.
The authors declare that there is no conflict of interest regarding the publication of this paper.
Received: 12.02.2025. Revised: 30.04.2025. Accepted: 12.05.2025. Published: 12.05.2025.

1

The Role of Omega-3 Fatty Acids in Cognitive Health: From
Development to Aging and Neurodegenerative Protection

Julia Adamiuk
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0003-5857-7646
juliaadamiuk2502@gmail.com

Karolina Kopeć
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0001-1257-7865
karolina130699@gmail.com

Aleksandra Bartoszek
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0008-2071-3821
aleksandra.bartoszek1@gmail.com

Agnieszka Marut
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0005-4884-7854
agnieszkamarut3@gmail.com

https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0003-5857-7646%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR38yQzb1X_yuS5NsGnIGhJep29Qanv0FkDigjD0_eNOI5hZsvhGzOXf6Bc_aem_8-1Ti8X9QBUxhsxvD9ZpFw&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0001-1257-7865%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR3bDe0nefg6VLBPta2n25cOfp3ExGu_xfePDKz4FL7iyHuDm9NJfOcxHgg_aem_0CcXM8i71164YBWNsWf20A&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0008-2071-3821%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR0mgEfXrP016vM46g0zGZwXGLastFDzNlpL5v2knoWr9JVYD4vinjvuRrc_aem_cr6UfOjYzi3KDt6sGLneqw&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0005-4884-7854%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR2aOnt8zGO0fMgGYvISEJALsyVG9tspD0LSc4G6u8yLdiI12idYFgnppn8_aem_GjE5FWMho3lIs0I74KnnsQ&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://doi.org/10.12775/QS.2025.41.58753
https://apcz.umk.pl/QS/article/view/58753


2

Marta Biskup
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0001-8760-2930
martabiskup74@gmail.com

Jagoda Misiuk
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0002-6227-7155
jagoda.misiuk@gmail.com

Adriana Skuba
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0002-1474-8039
a.skuba173@gmail.com

Katarzyna Załuska
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0000-3189-5925
10kasiakasia10@gmail.com

Agnieszka Świdniak
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0005-4336-188X
agnieszka.swidniak@gmail.com

Sylwia Nykiel,
University of Rzeszów
al. Tadeusza Rejtana 16C, 35-310 Rzeszów, Poland
https://orcid.org/0009-0007-6967-8927
nykiel.sylwia@gmail.com

Corresponding author: Julia Adamiuk, juliaadamiuk2502@gmail.com

https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0001-8760-2930%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR2DbG-_BniOUG5cibk_E4wq3_WK3tgHSi5Cs56lt2wfjXZWBrq1161rkHQ_aem__WLvSEOi1pVGqpzViVCSrw&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0002-6227-7155%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR0pntOE2f96jIspFJo_2EpujRhV1diAmgkgFsL757_NjgiRI_egV_7mt6k_aem_Lcyhwo-h-AcPNmtds0V5ZA&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0002-1474-8039%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR25_a6Dzty-B9lygiN-ul6AMgXRRQVAqaqrp-fTaN7gmSERyEFYZSKc7hM_aem_Q463yJeSouM4vTIiE06K-w&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0000-3189-5925%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR0TY-Bia2Gc6_8EOcE4YQUs6Nx9ON85tI-kAhvchp1bSO0zl3rz2W2CdYM_aem__cypaF33yUF2OknvAMD71A&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0005-4336-188X%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR0TY-Bia2Gc6_8EOcE4YQUs6Nx9ON85tI-kAhvchp1bSO0zl3rz2W2CdYM_aem__cypaF33yUF2OknvAMD71A&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U
https://l.facebook.com/l.php?u=https%3A%2F%2Forcid.org%2F0009-0007-6967-8927%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR2aOnt8zGO0fMgGYvISEJALsyVG9tspD0LSc4G6u8yLdiI12idYFgnppn8_aem_GjE5FWMho3lIs0I74KnnsQ&h=AT2SQpDotIz66z2P7fn9ZZ-2UYugQaCxs_hIKSCaODBpaF1EeBKpLaAPXW53z7NjjFNPne1kQ_S0Fgk_0v4Xb4QqPmGNbYeWzb2NYv74roQUS5r7eaQgcMrViMipBXxaI79Xto3Mt9U


3

Abstract

Introduction and Purpose

Omega-3 polyunsaturated fatty acids (PUFAs), particularly docosahexaenoic acid (DHA) and

eicosapentaenoic acid (EPA), are essential for brain structure and function across all life

stages. DHA supports synaptic plasticity, neurogenesis, and neurotransmission, while EPA

modulates inflammation and cerebral blood flow. This review evaluates the impact of Omega-

3 PUFAs on cognitive development, maintenance, and neuroprotection, synthesizing findings

from clinical trials, observational studies, and meta-analyses.

Materials and Methods

A systematic review of randomized controlled trials, cohort studies, and meta-analyses was

conducted. Studies on maternal Omega-3 intake and infant cognition, adult supplementation

and cognitive function, and Omega-3s in aging and neurodegeneration were included.

Biomarkers such as plasma DHA/EPA levels, cognitive function tests, and neuroimaging data

were analyzed. Safety and tolerability were also assessed.

Results

Maternal DHA intake supports infant cognitive development, particularly in problem-solving

and language skills, though findings vary. In adulthood, Omega-3s contribute to memory,

executive function, and mood regulation, but evidence remains mixed. Higher intake is linked

to slower cognitive decline and lower dementia risk, primarily via neuroinflammation

reduction. Omega-3s show promise in early cognitive decline by reducing oxidative stress and

β-amyloid accumulation, but their role in advanced Alzheimer’s remains unclear.

Supplementation is safe, with minor side effects at high doses.

Conclusion

Omega-3s support cognitive function and neuroprotection, particularly in early-life

development and aging. Their strongest role is in reducing neuroinflammation and slowing

cognitive decline. However, benefits in healthy adults and late-stage dementia remain

inconclusive. Future research should explore personalized nutrition, optimal dosage, and

genetic interactions
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Introduction

Omega-3 fatty acids are essential polyunsaturated fats crucial for brain function. The three

primary types include docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), and alpha-

linolenic acid (ALA). While ALA is a plant-derived precursor that converts inefficiently to

DHA and EPA, these two long-chain omega-3s play direct roles in cognitive processes. DHA,

making up 30-40% of the fatty acids in brain gray matter, is integral to neuronal membrane

fluidity, synaptic function, and neurotransmission [1]. EPA, though less abundant, has

significant anti-inflammatory and vascular benefits that support cognitive health [2].

Cognitive decline is a natural consequence of aging, often exacerbated by neurodegenerative

diseases such as Alzheimer’s disease (AD) and mild cognitive impairment (MCI). AD is

characterized by amyloid-beta plaques, tau protein tangles, and chronic inflammation, with

research showing that lower DHA levels correlate with higher AD risk. MCI, an early stage of

cognitive impairment, significantly increases the likelihood of progression to dementia.

Aging-related changes affect memory, executive function, and processing speed, driven by

hippocampal shrinkage, reduced synaptic plasticity, and white matter degeneration [3]. Given

these changes, dietary interventions such as omega-3 supplementation are explored as

potential neuroprotective strategies. DHA is a major component of neuronal membranes,

ensuring structural stability and promoting synaptic plasticity—key for learning and memory

[1]. Omega-3 fatty acids also reduce neuroinflammation, a crucial factor in cognitive decline,

by suppressing pro-inflammatory cytokines (IL-6, TNF-α) and inhibiting microglial

overactivation [2].

Additionally, DHA and EPA facilitate the production of specialized pro-resolving mediators

(SPMs) such as resolvins and protectins, which help resolve brain inflammation [2]. Their

role in neurogenesis is also significant, as they enhance brain-derived neurotrophic factor

(BDNF) levels, which are essential for neuronal survival and synaptic remodeling [3]
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Observational studies consistently associate higher omega-3 intake with better cognitive

performance, while interventional trials suggest potential benefits in slowing cognitive decline

[4]. However, not all clinical trials have reported significant effects, possibly due to variability

in baseline omega-3 levels, genetic factors (e.g., APOE4), dosage differences, and study

duration [5]. Meta-analyses highlight modest improvements in memory and executive

function, particularly in individuals with MCI [4].

Mechanisms of Action of Omega-3 Fatty Acids in the Brain

Omega-3 fatty acids, particularly docosahexaenoic acid (DHA) and eicosapentaenoic acid

(EPA), play a critical role in brain health. Their integration into neuronal membranes enhances

synaptic function, neurotransmission, and cognitive resilience [1]. DHA is particularly

abundant in gray matter, where it contributes to neuronal plasticity, membrane fluidity, and

receptor activity [2]. EPA, though less prevalent, supports anti-inflammatory and vascular

functions, which are essential for protecting against neurodegeneration [2].

One of the key mechanisms by which omega-3 fatty acids benefit the brain is through their

anti-inflammatory properties. Chronic neuroinflammation is a major contributor to cognitive

decline and neurodegenerative diseases, with activated microglia releasing pro-inflammatory

cytokines (IL-6, TNF-α), leading to neuronal damage [2]. DHA and EPA help counteract this

by promoting the production of specialized pro-resolving mediators (SPMs), such as resolvins

and protectins, which actively reduce inflammation and restore homeostasis[2]. This ability to

regulate inflammation is particularly important in aging populations, where chronic low-grade

inflammation accelerates synaptic degradation and cognitive impairment [3].

Another critical role of omega-3s is in synaptic plasticity and neurogenesis, both essential for

learning and memory. DHA enhances brain-derived neurotrophic factor (BDNF) levels, a key

protein involved in neuronal survival, synaptic growth, and cognitive flexibility [3]. Studies

show that higher DHA levels correlate with improved memory and executive function, while

deficiencies are associated with reduced synaptic integrity and cognitive decline [3]. Omega-

3s also improve hippocampal function, the brain region most involved in memory processing,

further supporting their role in cognitive health [2].

Beyond inflammation and synaptic function, omega-3s contribute to blood-brain barrier

integrity, ensuring proper nutrient and oxygen delivery while preventing harmful substances
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from entering the brain [2]. This vascular support is essential in aging populations, where

compromised BBB function can accelerate neurodegenerative processes [3].

Although numerous studies support the cognitive benefits of omega-3 fatty acids, clinical trial

results remain mixed. Some randomized controlled trials (RCTs) report improvements in

cognitive performance, while others show minimal effects, likely due to differences in

baseline omega-3 status, genetic factors (APOE4), and dosage variations [5]. Despite these

inconsistencies, observational research consistently links higher omega-3 intake with reduced

dementia risk and slower cognitive decline [4].

Omega-3 Fatty Acids and Cognitive Development

Omega-3 fatty acids, particularly docosahexaenoic acid (DHA), are essential for early brain

development, as they contribute to neuronal membrane formation, synaptic plasticity, and

cognitive processing. DHA is highly concentrated in the cerebral cortex and hippocampus,

regions critical for memory and learning. Since the body cannot efficiently synthesize DHA,

its availability during fetal and infant development depends on maternal dietary intake [6].

During pregnancy, DHA is transferred from the mother to the fetus via the placenta,

influencing fetal brain growth and neural connectivity. After birth, breast milk remains a

primary source of DHA, and supplementation in formula-fed infants aims to mimic these

benefits [6]

Studies indicate that higher maternal DHA intake during pregnancy correlates with better

cognitive outcomes in children, including faster information processing, improved attention,

and enhanced problem-solving skills [6]. Infants with higher DHA levels at birth often

perform better in visual recognition and language acquisition tests later in childhood.

Postnatal DHA intake continues to shape cognitive function, as research suggests that children

with higher DHA levels demonstrate superior verbal learning, executive function, and

sustained attention [6].

Beyond direct cognitive benefits, DHA and eicosapentaenoic acid (EPA) contribute to

neuroinflammation regulation, which plays a role in the development of neurodevelopmental

disorders such as ADHD and autism spectrum disorders [7]. Studies suggest that children with

ADHD often have lower DHA and EPA levels, and supplementation may help improve focus,

impulse control, and behavioral regulation [7]. Omega-3s also support emotion regulation,
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with research linking low DHA levels to an increased risk of anxiety and depression in

children [7].

The source of Omega-3 intake—whether through diet or supplementation—affects its efficacy

in cognitive development. Seafood consumption during pregnancy has been associated with

higher IQ scores in children, potentially due to the combination of DHA and other brain-

supporting nutrients like iodine and selenium [6]. While observational studies strongly

support the role of Omega-3s in early brain development, clinical trials continue to explore

the long-term impact of prenatal and infant supplementation. Research suggests that adequate

DHA intake in early life sets the foundation for lifelong cognitive function, though more

studies are needed to refine optimal dosage and timing main [8].

Omega-3 Fatty Acids and Cognitive Decline in Aging

Cognitive decline is a natural process associated with aging, often marked by memory

impairment, slower processing speed, and reduced executive function. While some decline is

expected as part of normal aging, neurodegenerative conditions such as mild cognitive

impairment (MCI) and Alzheimer’s disease (AD) accelerate this process. Omega-3 fatty acids,

particularly docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), have been studied

for their potential role in slowing age-related cognitive decline by supporting neuronal

structure, synaptic function, and anti-inflammatory mechanisms [4].

DHA is a key structural component of neuronal membranes, making up a significant portion

of the gray matter in the brain. It is essential for maintaining synaptic integrity and

neurotransmission, which are crucial for learning and memory processes. Aging is often

accompanied by reduced DHA levels in the brain, which correlates with cognitive decline and

neurodegeneration [1]. Studies show that individuals with higher DHA levels tend to have

better cognitive performance, while deficiencies are linked to an increased risk of developing

AD [4].

Chronic neuroinflammation is another major contributor to cognitive decline. In aging brains,

activated microglia release pro-inflammatory cytokines such as TNF-α and IL-6, leading to

neuronal damage and impaired synaptic function [2]. DHA and EPA help counteract this by

promoting the production of specialized pro-resolving mediators (SPMs), including resolvins

and protectins, which work to suppress inflammation and restore neuronal health [2]. This



8

anti-inflammatory effect is particularly relevant in preventing vascular dementia and

neurovascular dysfunction, both of which are associated with cognitive impairment [3].

Another critical factor in cognitive aging is oxidative stress, which accelerates neuronal

damage and disrupts synaptic communication. Omega-3 fatty acids possess antioxidant

properties that help neutralize reactive oxygen species (ROS) and reduce lipid peroxidation in

the brain [3]. By mitigating oxidative damage, DHA and EPA may help preserve cognitive

function and neuronal longevity.

Several observational studies indicate that individuals who consume higher amounts of

Omega-3s, particularly from fish or supplements, exhibit slower rates of cognitive decline and

lower dementia risk [4]. Interventional studies suggest that Omega-3 supplementation

improves working memory, attention, and verbal fluency, particularly in individuals with MCI

[4]. However, clinical trial results remain inconsistent, with some studies showing no

significant cognitive benefits, possibly due to variations in baseline Omega-3 levels, APOE4

genetic status, dosage, and treatment duration [5].

While the protective effects of Omega-3 fatty acids against cognitive decline are still being

explored, evidence suggests that maintaining adequate DHA and EPA levels through diet or

supplementation may help support brain function and delay neurodegeneration in aging

populations [4].

Clinical Trials and Meta-Analyses on Omega-3 and Cognitive Function

Research on omega-3 fatty acids and cognitive function has led to numerous randomized

controlled trials (RCTs) and meta-analyses assessing their role in cognitive decline, brain

aging, and neurodegenerative diseases. While some trials have shown positive cognitive

benefits, others have reported inconsistent or negligible effects, highlighting the complexity of

omega-3’s impact on cognition [5]

A six-month RCT tested high-dose omega-3 and omega-6 fatty acids combined with

antioxidant vitamins in older adults with mild cognitive impairment (MCI). The study found

significant improvements in cognitive function, functional capacity, and overall quality of life

compared to the placebo group [3]. Notably, these benefits were observed in tests assessing

memory, executive function, and processing speed, suggesting that nutritional interventions

can help slow early cognitive decline.
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Another meta-analysis reviewed the effects of long-chain omega-3 supplementation on

neurodegenerative diseases. Findings indicated that while omega-3s were not effective in

reversing Alzheimer’s disease (AD), they helped slow cognitive decline in individuals with

early-stage MCI. Patients with higher baseline omega-3 levels showed greater improvements,

reinforcing the importance of long-term dietary intake rather than short-term supplementation

[9].

In addition, a systematic review on omega-3 intake during menopause highlighted its mood-

stabilizing and cognitive-enhancing effects. Women taking omega-3 supplements reported

fewer cognitive complaints, improved verbal fluency, and reduced depression/anxiety

symptoms, which are commonly associated with hormonal fluctuations during menopause [9].

This suggests that omega-3 may be particularly beneficial in populations experiencing

hormone-related cognitive changes.

Despite promising results, some RCTs have failed to show significant cognitive benefits. A

large-scale trial on older adults found that omega-3 supplementation did not significantly

improve global cognitive scores, although secondary analyses suggested subtle benefits in

episodic memory and executive function. This discrepancy may stem from variations in

dosage, study duration, and genetic factors such as APOE4 status. A safety review and meta-

analysis of omega-3 supplementation in cognitive health highlighted minimal adverse effects.

The most commonly reported issues were mild gastrointestinal discomfort and altered taste

perception (dysgeusia), but no serious adverse events were linked to long-term

supplementation [5]. This makes omega-3s a low-risk intervention for aging populations

seeking to support brain health.

Clinical trials and safety reviews indicate that omega-3 supplementation is generally safe,

with no major adverse effects reported in long-term studies [5]. However, mild side effects

have been noted, including gastrointestinal discomfort (bloating, diarrhea, nausea), dysgeusia

(altered taste), and mild increases in bleeding tendency due to omega-3’s antithrombotic

properties [5].

Advanced Perspectives on Omega-3 Fatty Acids and Cognitive Function

Emerging research on omega-3 polyunsaturated fatty acids (PUFAs), particularly DHA and

EPA, highlights their role in cognitive health, neuroprotection, and aging. Innovations in
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structured lipids (SLs), such as phospholipid-bound DHA, have demonstrated enhanced

bioavailability and stronger neuroprotective effects compared to traditional formulations [10].

A meta-analysis of 24 RCTs found that DHA + EPA intake above 500 mg/day significantly

improved executive function in middle-aged and older adults, particularly in those with MCI

and lower baseline omega-3 levels [11]. Similarly, studies on ADHD show that EPA-dominant

formulations (≥1,000 mg/day) enhance attention and impulse control, correlating with lower

omega-3 blood levels in affected children [7].

In late-life depression, omega-3s—especially EPA—have been linked to better immediate

recall and cognitive resilience, with balanced omega-6 to omega-3 ratios playing a crucial role

[12]. Longitudinal studies suggest that high-dose omega-3 supplementation (≥2,000 mg/day)

slows brain atrophy and preserves gray and white matter integrity, contributing to slower

cognitive decline [13]. Despite these promising findings, challenges in standardizing dosage,

optimizing bioavailability, and tailoring interventions remain. Future research should focus on

personalized nutrition approaches, combining omega-3s with antioxidants, B vitamins, and

lifestyle modifications to enhance cognitive benefits [13].

Recommended Dosages of Omega-3 for Different Conditions

The optimal dosage of omega-3 fatty acids depends on age, health status, and specific

conditions. Clinical guidelines and trials suggest the following intake recommendations:

• General Cognitive Health & Aging Prevention: 250–500 mg DHA + EPA per day

(from food or supplements) is sufficient for healthy adults to support brain function [6].

• Mild Cognitive Impairment (MCI) & Early Alzheimer’s Disease: Higher doses,

1,000–2,000 mg DHA + EPA daily, have shown cognitive benefits in slowing memory

decline and supporting synaptic function [3][14].

• Depression & Anxiety (Including Menopausal Mood Disorders): 1,000–2,200 mg EPA

per day is recommended, as EPA-dominant supplements show greater efficacy in

mood regulation and anxiety reduction compared to DHA alone [9]. Studies on

menopausal women suggest that higher EPA intake (≥1,800 mg daily) may help

stabilize mood and enhance cognitive performance [9].
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• Cardiovascular & Vascular Dementia Prevention: 2,000–4,000 mg DHA + EPA per

day is used in cardiovascular research to reduce triglycerides, inflammation, and

stroke risk, which also benefits vascular dementia prevention [5].

• Safe Upper Limit: The European Food Safety Authority (EFSA) and FDA consider

doses up to 5,000 mg per day of combined DHA and EPA safe for long-term use [5].

However, exceeding 3,000 mg daily may increase the risk of bleeding in individuals

taking anticoagulants (e.g., aspirin, warfarin) and should be monitored under medical

supervision [5].

Influence of Omega-3 Fatty Acids on Cognitive Function in Different Conditions

Omega-3 fatty acids, particularly docosahexaenoic acid (DHA) and eicosapentaenoic acid

(EPA), have been extensively studied for their role in supporting cognitive function across

various neurological and psychiatric conditions. Research indicates that different conditions,

such as Alzheimer’s disease (AD), mild cognitive impairment (MCI), attention deficit

hyperactivity disorder (ADHD), depression, and stroke recovery, may benefit from omega-3

supplementation due to their anti-inflammatory, neuroprotective, and synaptic-enhancing

properties [5, 9].

Omega-3 and Alzheimer’s Disease (AD)

Alzheimer’s disease is characterized by progressive cognitive decline, amyloid-beta plaque

accumulation, and neuroinflammation. Studies have found that DHA levels are significantly

reduced in AD patients, correlating with memory impairment and neuronal loss. DHA is

crucial for maintaining synaptic integrity and reducing oxidative stress, both of which are

impaired in AD [14][15].

Clinical trials have yielded mixed results regarding omega-3 acids ability to slow cognitive

decline in AD. Some studies suggest that higher DHA intake (~2,000 mg/day) helps reduce

beta-amyloid buildup and improve cognitive function in early-stage AD [3]. A meta-analysis

found that combining DHA with antioxidants and anti-inflammatory agents may enhance its

neuroprotective effects in AD, suggesting a multinutrient approach could be beneficial [16].
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Omega-3 and Attention Deficit Hyperactivity Disorder (ADHD)

Omega-3 fatty acids are essential for neurodevelopment and neurotransmitter regulation,

making them relevant for conditions like ADHD, which involves attention deficits,

impulsivity, and hyperactivity. Research shows that children with ADHD tend to have lower

DHA and EPA levels, suggesting a role for supplementation in managing symptoms [6].

A meta-analysis of omega-3 supplementation in ADHD found that EPA-dominant

formulations (≥1,000 mg/day) were more effective in reducing hyperactivity, impulsivity, and

improving attention compared to DHA-dominant supplements [9]. Another study reported that

combining omega-3s with behavioral therapy enhanced treatment outcomes, reinforcing their

synergistic potential.

Despite these findings, omega-3s are not considered a standalone treatment for ADHD, but

rather a complementary intervention that may enhance medication efficacy and behavioral

therapies [9]

Omega-3 and Depression-Related Cognitive Decline

Depression is often linked to cognitive impairments, including memory deficits, slower

processing speed, and reduced executive function. Omega-3s, particularly EPA, play a role in

reducing neuroinflammation, regulating serotonin function, and supporting synaptic plasticity,

all of which contribute to mood and cognitive stability [9]

Clinical trials suggest that EPA supplementation (≥1,000 mg/day) improves cognitive

flexibility, attention, and emotional processing in individuals with major depressive disorder

(MDD) [9]. Studies on postpartum depression and menopausal cognitive changes have also

demonstrated improvements in mood stability and cognitive clarity with EPA-rich omega-3

intake

The Impact of Omega-3 Fatty Acids on Cognitive and Cardiovascular Health

Omega-3 polyunsaturated fatty acids (PUFAs), particularly DHA and EPA, are essential for

brain function and cardiovascular health, with studies linking them to reduced cognitive

decline and neurodegeneration. However, findings remain inconsistent, likely due to

differences in dosage, baseline omega-3 levels, and genetic factors [17, 18, 19].
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A meta-analysis of 24 RCTs found that ≥500 mg/day of DHA + EPA improved executive

function, especially in individuals with low baseline omega-3 levels

12916_2024_Article_3296. However, a Cochrane review found no clear evidence that omega-

3s prevent cognitive decline, highlighting variability in study outcomes [19]. Omega-3s also

support cardiovascular health, which is closely linked to cognitive function. They enhance

cerebral blood flow, reduce inflammation, and lower stroke risk, potentially mitigating

neurodegenerative disease progression [18, 20]. Despite this, high-dose supplementation

(≥2,000 mg/day) has shown mixed results, with potential risks like atrial fibrillation [18].

Conclusion

Omega-3 polyunsaturated fatty acids (PUFAs), particularly DHA and EPA, are crucial for

cognitive development, function, and neuroprotection from infancy to old age. They play a

key role in brain structure, synaptic plasticity, and neurotransmitter regulation, supporting

learning and attention in early life, memory and executive function in adulthood, and slowing

neurodegeneration in aging. While research consistently highlights their benefits, dosage,

bioavailability, genetic factors, and individual dietary habits influence their effectiveness.

Despite some inconsistencies in clinical trials, structured omega-3 formulations and higher-

dose interventions show promise in delaying cognitive decline and reducing the risk of

neurodegenerative diseases. Ensuring adequate omega-3 intake throughout life—whether

through diet or supplementation—remains a key strategy for maintaining cognitive health and

resilience. Further research is needed to refine personalized recommendations and enhance

the therapeutic potential of omega-3s in brain aging and disease prevention.
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