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Abstract
Polyunsaturated fatty acids (PUFAs) are critical for human health, serving as key components of cellular 
membranes and regulators of various physiological functions. Since the body can endogenously synthesize 
only a small amount of these fatty acids from precursors, adequate dietary intake is essential. This article 
discusses the vital role of omega-3 fatty acids, particularly docosahexaenoic acid (DHA), in fetal brain 
development, with maternal omega-3 intake during pregnancy linked to improved neurodevelopment and 
long-term cognitive outcomes. However, variability in study findings highlights the need for further 
research to clarify DHA’s mechanisms of action. This article explores recent findings indicating that 
insufficient omega-3 levels during pregnancy disrupt key neurodevelopmental processes, particularly 
microglial function, potentially elevating the risk of cognitive impairments and neurodevelopmental 
disorders, highlighting the need for further research to confirm these effects and elucidate underlying 
mechanisms and long-term consequences. Ensuring adequate maternal omega-3 intake is vital for 
supporting healthy brain development and reducing these risks. Additionally, DHA and eicosapentaenoic 
acid (EPA) show promise in treating pediatric depression by modulating the gut-brain axis, reducing 
neuroinflammation, and restoring autonomic nervous system function—mechanisms implicated in 
depression. While omega-3 supplementation holds potential as an adjunctive treatment for pediatric major 
depressive disorder (MDD), further research is necessary to refine dosing strategies and explore underlying 
mechanisms, ultimately advancing neuropsychiatric care.
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Introduction
Fatty acids are essential components of complex lipids, playing crucial roles in metabolism, gene regulation, 
and cellular signaling. Although the human body can endogenously synthesize most fatty acids, it lacks the 
necessary enzymes for the de novo production of omega-3 and omega-6 polyunsaturated fatty acids 
(PUFAs). Therefore, it relies on dietary intake of their essential precursors, α-linolenic acid and linoleic acid, 
which are subsequently metabolized through elongation and desaturation pathways. These PUFAs are 
primarily obtained from sources such as fatty fish and plant oils [1, 2]. Their biosynthesis and metabolism 
are tightly regulated by specific enzymes. Genetic variations in these enzymes can lead to significant 
interindividual and interpopulation differences in PUFA processing, further underscoring the importance of 
adequate dietary intake [3, 4].

PUFAs are structurally integral to cell membranes and are functionally critical for maintaining cellular 
homeostasis. They are classified into two main families based on their precursor molecules: omega-6 
PUFAs, which are derived from cis-linoleic acid (LA, 18:2 omega-6), and omega-3 PUFAs, which originate 
from alpha-linolenic acid (ALA, 18:3 omega-3) [5, 6]. These precursors undergo enzymatic transformations 
to produce bioactive metabolites with diverse physiological roles. For instance, LA is converted into 
gamma-linolenic acid (GLA, 18:3 omega-6) and subsequently metabolized into dihomo-GLA (DGLA, 20:3 
omega-6), which can be further converted into arachidonic acid (AA, 20:4 omega-6), a key precursor of pro-
inflammatory prostaglandins. In contrast, ALA is converted into eicosapentaenoic acid (EPA, 20:5 omega-3) 
and docosahexaenoic acid (DHA, 22:6 omega-3). These metabolites have well-established anti-
inflammatory properties and play a significant role in cardiovascular, metabolic, and neurological health 
[7–9].

Recent studies underscore the therapeutic potential of omega-3 fatty acids, particularly EPA and DHA, 
in treating a wide range of nervous system disorders, including depression, neuropsychiatric conditions, 
and neurodegenerative diseases. These findings highlight the critical importance of dietary intake, 
bioavailability, and the mechanisms of action of these fatty acids in promoting neuronal health [10].

Among the physiological processes influenced by PUFAs, pregnancy represents a particularly critical 
period. Maternal nutrition during gestation plays a pivotal role in fetal growth and development, with long-
lasting implications for the health of both mother and child [11, 12]. Omega-3 fatty acids, especially DHA, 
are particularly important during this time due to their essential role in fetal brain development and 
neurogenesis [13, 14].

The importance of maternal nutrition extends beyond pregnancy into the first three years of life, a 
critical period that encompasses conception through a child’s second birthday [15]. This phase is marked 
by rapid brain growth and structural organization, during which the developing nervous system is highly 
sensitive to external influences, particularly maternal dietary intake [16]. Omega-3 fatty acids, particularly 
DHA, emerge as cornerstone nutrients during this foundational period, underscoring their vital role in 
shaping neurodevelopmental outcomes [17, 18].

This article examines the multifaceted role of omega-3 fatty acids in prenatal development, with a 
particular focus on DHA’s impact on fetal brain growth, long-term cognitive outcomes, and behavioral 
trajectories. It explores the essential functions of PUFAs in human health, highlighting their roles in cellular 
function, inflammation regulation, and neurological development. DHA, a key omega-3 fatty acid, is crucial 
for fetal brain maturation, with maternal intake associated with improved neurodevelopmental outcomes. 
The article underscores the need for further research to optimize DHA supplementation during pregnancy 
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and investigate its therapeutic potential in pediatric neurodevelopmental disorders, including depression. 
Additionally, it emphasizes the importance of personalized nutrition strategies and the role of PUFAs in 
shaping lifelong cognitive and mental health.

Role of omega-3 fatty acids in fetal neurodevelopment
Optimizing maternal and fetal health: the critical role of EPA and DHA monitoring and personalized 
supplementation

EPA and DHA, long-chain omega-3 fatty acids, play pivotal roles in maternal and fetal health during 
pregnancy. These essential fatty acids are crucial for fetal development, maternal well-being, and 
minimizing the risks of adverse pregnancy outcomes, such as preterm birth [19]. Scientific research 
indicates that blood concentrations of EPA and DHA are more accurate indicators of health outcomes than 
dietary intake alone [20], emphasizing the need for precise monitoring techniques.

Factors like bioavailability, dietary interactions, and metabolic variability underscore the necessity of 
personalized supplementation strategies to achieve optimal omega-3 levels in pregnant women [19, 21]. 
Analysis of the works reveals that while dietary intake data is widely available, it does not adequately 
capture interindividual variability in omega-3 absorption, metabolism, and functional impact, making 
blood-based measurements superior metric. Moreover, metabolic differences in fatty acid elongation and 
desaturation enzymes (e.g., FADS1 and FADS2 polymorphisms) significantly affect DHA synthesis from ALA, 
leading to considerable variability in omega-3 status across populations.

These individualized approaches are essential for improving maternal and fetal health outcomes, 
particularly for women facing challenges in meeting the recommended omega-3 intake, such as vegetarians 
and vegans.

The literature highlights key aspects of omega-3 research during pregnancy, including their 
physiological significance and the benefits of blood-based assessments over dietary intake data. It also 
addresses the challenges involved in supplementation and intervention trials (Table 1). Notably, blood-
based measurements such as the Omega-3 Index and HS-Omega-3 Index® demonstrate a strong inverse 
correlation with preterm birth risk, whereas dietary intake data alone exhibits weaker or negligible 
associations [22, 23]. Furthermore, recent meta-analyses suggest that achieving an Omega-3 Index above 
5% could reduce the risk of early preterm birth by nearly 50%, underscoring the need for more targeted 
intervention strategies [24, 25]. The growing body of evidence stresses the importance of refining research 
methodologies and enhancing individualized interventions. For example, bioavailability varies up to 13-fold 
among individuals due to dietary interactions and metabolic differences, necessitating personalized 
supplementation to optimize maternal and fetal health [26, 27]. Additionally, the source of omega-3 intake 
plays a critical role. Phospholipid-bound DHA from krill oil has been shown to have superior absorption 
compared to triglyceride-bound DHA from fish oil, suggesting that formulation choice may be a crucial 
determinant of efficacy. Standardizing measurement techniques and adopting blood-based monitoring will 
facilitate the effective optimization of maternal and fetal health.

Additionally, the significant depletion of maternal DHA stores during pregnancy, particularly in longer 
gestations where fetal erythrocyte DHA levels reach 8–9%. This underscores the importance of ensuring 
adequate maternal DHA intake to support fetal neurodevelopment [31, 32]. Furthermore, vegetarians and 
vegans exhibit lower plasma EPA and DHA levels, demonstrating the critical need for tailored 
supplementation strategies in these populations [36, 37]. Epidemiological studies indicate that low 
maternal DHA levels are associated with increased risks of neurodevelopmental disorders in offspring, such 
as autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD). This reinforces 
the necessity of sufficient prenatal DHA intake.

Intervention trials face ethical and methodological challenges, particularly due to the necessity of 
maintaining a minimum Omega-3 Index (~2%) for survival [29]. This highlights the difficulty in designing 
placebo-controlled trials, which may explain inconsistencies in omega-3 supplementation research. 
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Table 1. Key insights and considerations in omega-3 supplementation for maternal and fetal health

Section Key insights Evidence/Examples Implications References

Role in 
pregnancy

EPA and DHA levels 
critically influence 
maternal and fetal 
health.

Low blood levels associated with 
preterm births (especially < 34 
weeks).

•

Blood-based measurements (e.g., 
erythrocytes, whole blood, 
plasma) show strong inverse 
correlation with preterm birth risk.

•

Dietary data shows weaker or 
negligible associations.

•

Monitoring blood EPA and 
DHA levels is essential for 
reducing adverse pregnancy 
outcomes.

[22, 23]

Dietary intake vs. 
blood levels

Blood levels are better 
predictors of outcomes 
than dietary intake.

Dietary intake may not reflect 
bioavailability due to variability 
(e.g., fat content of meals 
enhances absorption up to 13-
fold).

•

Obesity further reduces the 
response to omega-3 
supplementation.

•

Blood measurements offer a 
more accurate guide for 
clinical decisions and 
intervention strategies.

[24, 25]

Bioavailability 
factors

Bioavailability varies 
greatly among 
individuals.

Interindividual variation in omega-
3 uptake (up to 13-fold).

•

Dietary interactions can alter 
bioavailability by up to 10-fold.

•

Tailored supplementation is 
required to address individual 
differences in omega-3 
uptake.

[26, 27]

Measurement 
methods

Accurate evaluation of 
omega-3 status relies on 
blood assessments.

Omega-3 Index: Reliable long-
term marker with low biological 
variability.

•

HS-Omega-3 Index®: 
Standardized and validated as the 
gold standard.

•

Short-term indicators (e.g., 
plasma) reflect recent dietary 
changes but show high biological 
variability.

•

Regular blood testing 
provides precise data for 
monitoring and optimizing 
omega-3 status.

[28–30]

Maternal-fetal 
transfer

DHA transfer via the 
placenta supports fetal 
development.

Fetal erythrocyte membranes 
reach DHA levels of 8–9%, 
depleting maternal stores.

•

Longer pregnancies correlate with 
higher fetal DHA levels.

•

Ensuring adequate maternal 
DHA levels is crucial for fetal 
health and development.

[31, 32]

Breast milk 
composition

Maternal DHA status 
directly impacts breast 
milk composition.

Optimal Omega-3 Index (8%) 
corresponds to ~1% EPA and 
DHA in breast milk.

•

Many women fail to meet 
recommended levels (e.g., 
German pregnant women: 
average Omega-3 Index = 6.23).

•

Targeted supplementation 
improves maternal DHA 
status and breast milk 
quality, benefitting infants.

[33–35]

Challenges in 
vegetarian and 
vegan diets

Plasma EPA and DHA 
levels are lower in 
vegetarians and vegans.

These groups face greater 
challenges in meeting 
recommended omega-3 levels.

• Supplementation and 
monitoring are vital for these 
populations.

[36, 37]

Intervention trials 
and challenges

Omega-3 studies face 
unique ethical and 
methodological 
challenges.

Cannot ethically deprive 
participants of omega-3 (minimum 
Omega-3 Index ~2% necessary 
for survival).

•

Baseline variability and 
bioavailability differences 
complicate trial outcomes.

•

Standardized methods and 
tailored interventions 
enhance trial effectiveness 
and clinical relevance.

[29]

Future research 
directions

Addressing 
methodological gaps 
can unlock the full 
potential of EPA and 
DHA.

Studies with standardized blood 
measurements show more 
consistent results.

•

Personalized supplementation 
strategies offer promise, 
especially for vulnerable 
populations like pregnant women.

•

Improved methodologies can 
maximize the health benefits 
of EPA and DHA 
supplementation.

[38, 39]

EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid
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Analysis also reveals that obesity reduces the effectiveness of omega-3 supplementation, further 
emphasizing the importance of blood-based monitoring over dietary intake data to guide clinical decisions. 
Specifically, increased adiposity leads to greater sequestration of DHA in fat tissue, thereby reducing its 
bioavailability for fetal development. Moreover, individuals with metabolic syndrome may exhibit impaired 
omega-3 incorporation into cell membranes, further complicating supplementation strategies.

Impact of PUFA supplementation during pregnancy on perinatal outcomes and cognitive 
development

DHA supplementation during pregnancy has garnered considerable attention due to its potential impact on 
fetal neurodevelopment [33]. As a primary structural component of neural membranes, DHA plays a critical 
role during periods of rapid brain growth, particularly in the third trimester. Numerous studies, including 
randomized controlled trials (RCTs), meta-analyses, and observational research, have investigated DHA’s 
effects on pregnancy outcomes and cognitive development (Table 2) [31, 40, 41]. However, despite the 
extensive research, the evidence on DHA’s influence on cognitive outcomes remains inconclusive, reflecting 
the complexity of its effects. An analysis of the studies presented in Table 2 highlights the nuanced and 
often contradictory findings concerning DHA supplementation during pregnancy, particularly regarding its 
effects on cognitive development.

Table 2. Efficacy of DHA and EPA supplementation during pregnancy: insights from clinical trials, meta-analyses, and 
observational studies

Study/Analysis 
type

Key findings Participants DHA 
dosage

Outcomes Limitations References

DOMINO trial 
(RCT)

Investigated DHA 
(800 mg) + EPA 
(100 mg) 
supplementation. 
Significant reductions in 
preterm births, low birth 
weight, and perinatal 
deaths. Cognitive 
benefits were observed 
in offspring, but no 
reduction in postpartum 
depression.

2,399 
pregnant 
women

800 mg 
DHA + 
100 mg 
EPA

51% reduction in 
preterm births < 34 
weeks, 35% reduction 
in low birth weight, 
mean birth weight 
increased by 68 grams, 
3 perinatal deaths in 
supplementation group 
vs. 12 in placebo, no 
increase in bleeding 
complications.

Primary endpoint 
(postpartum 
depression) not 
met; mixed results 
in cognitive 
development.

[42]

Cochrane 
meta-analysis 
(RCTs)

Analyzed 70 RCTs 
(19,927 participants). 
Found modest effects on 
preterm births and low 
birth weight. No 
significant improvement 
in cognitive development 
or perinatal mortality.

19,927 
participants

Varies 42% reduction in 
preterm births < 34 
weeks, minor reductions 
in low birth weight, and 
neonatal care needs. 
No significant effects on 
perinatal mortality or 
cognitive development.

Limited evidence 
for cognitive 
development 
benefits; variability 
in trial designs 
and results.

[23]

Meta-analyses 
(RCTs)

Reported stronger 
effects, particularly dose-
dependent benefits. 
Stronger reduction in 
preterm births and 
perinatal mortality.

Various 
participants

Varies Stronger reduction in 
preterm births and 
perinatal mortality with 
higher doses of DHA 
and EPA.

Inconsistent 
findings between 
studies; 
insufficient for 
definitive 
conclusions on 
cognitive effects.

[43, 44]

Observational 
studies

Maternal DHA intake 
(especially from fatty 
fish) is linked to 
improved psychomotor 
and cognitive outcomes 
in offspring.

Varies by 
study

Natural 
dietary 
DHA 
sources

Higher DHA levels in 
maternal serum are 
associated with better 
cognitive and 
psychomotor 
development in infants.

Variability in study 
design, timing, 
and confounding 
variables 
(socioeconomic 
status, diet).

[18, 45, 46]

RCT: randomized controlled trial; DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid

The DOMINO trial, a large-scale RCT, investigated the effects of DHA (800 mg) + EPA (100 mg) 
supplementation during pregnancy, involving 2,399 pregnant women. This study found significant 
reductions in preterm births (51% reduction), low birth weight (35% reduction), and perinatal deaths, 
alongside a slight increase in mean birth weight (68 grams). However, cognitive benefits in offspring were 
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not consistently observed, and the primary endpoint—reduction in postpartum depression—was not met 
[42]. The findings from the DOMINO trial provide evidence for DHA’s potential to improve pregnancy 
outcomes such as preterm birth and low birth weight. However, the lack of consistent cognitive benefits 
underscores the complexity of the relationship between DHA supplementation and neurodevelopment. This 
highlights that other factors may play a role in influencing cognitive outcomes. Additionally, the trial did not 
observe any significant increase in bleeding complications, suggesting that DHA supplementation at the 
dosages tested is safe with respect to maternal health.

The Cochrane meta-analysis, which synthesized data from 70 RCTs involving 19,927 participants, 
found modest effects of DHA supplementation on preterm births and low birth weight. Specifically, it 
reported a 42% reduction in preterm births before 34 weeks and minor reductions in low birth weight and 
neonatal care needs. However, it noted no significant effects on perinatal mortality or cognitive 
development [23]. This meta-analysis underscores the variability in the outcomes associated with DHA 
supplementation. While the reductions in preterm births and low birth weight are noteworthy, the lack of 
improvement in cognitive development suggests that DHA’s impact may be more prominent in addressing 
pregnancy complications. This indicates that DHA may be more effective in mitigating prenatal risks than in 
enhancing neurodevelopment.

Other meta-analyses indicated dose-dependent benefits, with stronger reductions in preterm births 
and perinatal mortality observed at higher doses of DHA and EPA. However, these studies emphasized the 
inconsistency of findings across different trials, making it difficult to draw definitive conclusions about the 
cognitive benefits of DHA supplementation [43, 44]. This variability further complicates our understanding 
of DHA supplementation’s role in pregnancy outcomes. While higher dosages may lead to more pronounced 
effects on certain outcomes, the cognitive benefits remain unclear, suggesting that the relationship between 
DHA and cognitive development may not be straightforward. The inconsistencies across studies may be 
attributed to differences in study design, sample populations, and the timing of supplementation, all of 
which warrant further exploration.

Observational studies have focused on maternal DHA intake from natural dietary sources, such as fatty 
fish, and have linked higher maternal DHA levels to improved psychomotor and cognitive outcomes in 
offspring. Specifically, higher DHA levels in maternal serum were associated with better cognitive and 
psychomotor development in infants [18, 45, 46]. However, these studies are limited by confounding 
variables such as socioeconomic status, maternal diet, and other lifestyle factors, which complicate the 
interpretation of results. While observational studies provide valuable insights into the potential long-term 
benefits of DHA, they cannot definitively establish causality due to the inherent limitations of their design. 
The relationship between maternal DHA levels and cognitive development is likely influenced by a complex 
array of factors, underscoring the need for more controlled experimental studies.

A thorough and systematic analysis of the studies presented in Table 2 reveals the complexity of DHA 
supplementation’s effects on pregnancy and neurodevelopment. While several studies demonstrate 
a negative impact on pregnancy outcomes, particularly in reducing preterm births and low birth weight, 
the effects on cognitive development are less clear. The inconsistency of findings across trials indicates 
that DHA supplementation may not uniformly benefit all pregnant women or all offspring, particularly in 
terms of cognitive outcomes. Several factors contribute to this variability, including differences in study 
designs, participant characteristics, and the timing and dosage of supplementation.

Clarifying the specific conditions under which different outcomes occur, the practical implications of 
the research conclusions are somewhat limited. While DHA supplementation appears to have a more 
significant impact on certain pregnancy outcomes, such as reducing preterm birth and improving birth 
weight, the evidence for its influence on cognitive development is weaker. This discrepancy suggests that 
the benefits of DHA supplementation may be more pronounced in the context of improving pregnancy 
health rather than neurodevelopment, highlighting the need for more targeted research. Furthermore, the 
effectiveness of DHA supplementation may be influenced by maternal DHA levels at baseline, with women 
who have lower DHA levels potentially benefiting more than those with higher levels.
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The benefits of DHA supplementation for perinatal outcomes are well-established, including reductions 
in the risks of preterm birth, low birth weight, and perinatal mortality (Table 3) [47, 48]. These findings 
underscore DHA’s essential role in supporting both maternal and fetal health. However, its impact on 
cognitive development remains less definitive. Differences in study design, such as variations in DHA 
dosage, supplementation timing, maternal nutritional status, and measurement methods for cognitive 
outcomes, contribute to inconsistent findings [40, 49]. These discrepancies complicate efforts to fully 
understand DHA’s role in neurodevelopment and highlight the need for more nuanced and targeted 
research.

Table 3. Key insights and research directions on DHA supplementation: mechanisms, implications, and future 
perspectives

Topic Key insights Mechanisms Implications Challenges and 
considerations

References

Nonlinear effects 
of DHA

The relationship 
between maternal 
omega-3 LC-PUFA 
levels and fetal 
neurodevelopment 
may follow a 
nonlinear pattern.

Lower DHA may 
support fetal brain 
development while 
excessive DHA may 
lead to oxidative 
stress.

Excessive DHA intake 
can impair neuronal 
function by generating 
ROS.

Animal studies 
show that high DHA 
levels result in 
oxidative damage, 
affecting cellular 
function.

[12, 33, 50]

Tailored strategies 
for maternal intake

Tailored DHA intake 
strategies are critical 
to optimize maternal 
and fetal health.

DHA levels need to be 
adjusted based on 
baseline maternal 
DHA and specific 
needs for preterm 
infants.

Ensures adequate 
DHA intake while 
preventing over-
supplementation, 
avoiding risks 
associated with 
excessive intake.

Customizing DHA 
intake reduces 
risks, but high-dose 
supplementation for 
women with 
sufficient omega-3 
intake could be 
unnecessary and 
risky.

[43, 44, 51, 
52]

Optimizing DHA 
supplementation: 
timing, dosage, 
and population 
considerations

Understanding the 
timing, dosage, and 
population-specific 
needs of DHA during 
pregnancy is 
essential.

Maternal-fetal nutrient 
exchange varies due 
to genetic, nutritional, 
and metabolic factors.

Identifying optimal 
DHA and EPA 
concentrations at 
different gestational 
stages is key for 
neurodevelopment.

Variability in needs 
across populations 
makes it difficult to 
recommend one-
size-fits-all 
supplementation.

[33, 53, 54]

Safety and 
tolerability

Omega-3 
supplementation up 
to 5 g/day of EPA 
and DHA is 
considered safe for 
pregnant and 
lactating women.

Clinical trials show 
doses up to 2.7 g/day 
of DHA are well 
tolerated with minimal 
adverse effects.

High doses may 
increase bleeding 
risks, but these are 
rare and typically not 
clinically significant.

Despite potential 
bleeding risks, 
higher doses of 
DHA during 
pregnancy may 
have limited clinical 
significance.

[22, 43, 55, 
56]

Limited evidence 
on lactation

Research on DHA 
supplementation 
during lactation is 
limited. Effects on 
child cognitive 
outcomes remain 
inconclusive.

Evidence linking DHA 
supplementation 
during lactation to 
improved 
neurodevelopmental 
outcomes is scarce.

The role of DHA 
supplementation 
during lactation is 
unclear and needs 
more research.

Variability in study 
design, sample 
sizes, and 
outcomes makes it 
difficult to assess 
the impact of DHA 
during lactation.

[18, 57, 58]

Population-
specific 
interventions

DHA 
supplementation 
benefits vary based 
on baseline omega-3 
status. Populations 
with low DHA levels 
may benefit more.

Lower doses of DHA 
(300–400 mg/day) 
may be as effective as 
higher doses (e.g., 
1,440 mg/day) in 
supporting 
neurodevelopment.

Personalized 
nutritional strategies 
based on baseline 
omega-3 levels could 
optimize 
neurodevelopmental 
outcomes.

Individual 
responses to DHA 
supplementation 
may vary 
significantly, 
requiring 
personalized 
approaches to 
intervention.

[40, 59, 60]

Cognitive and 
behavioral 
outcomes

DHA 
supplementation may 
have lasting cognitive 
and behavioral 
effects, such as 
attention regulation 
and academic 
performance in 
childhood.

DHA supports brain 
development, 
influencing attention, 
academic 
performance, and 
social behavior.

Long-term studies are 
necessary to fully 
understand DHA’s 
impact on cognitive 
and behavioral 
outcomes.

Findings on long-
term cognitive 
effects of DHA 
supplementation 
are inconsistent, 
and further studies 
are needed to 
clarify these effects.

[40, 61–63]



Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 8

Table 3. Key insights and research directions on DHA supplementation: mechanisms, implications, and future 
perspectives (continued)

Topic Key insights Mechanisms Implications Challenges and 
considerations

References

Neural plasticity 
and lifelong 
development

DHA supports neural 
plasticity, 
neurogenesis, and 
synaptic plasticity, 
suggesting long-term 
benefits for brain 
health and cognitive 
development.

DHA enhances neural 
circuits, supporting 
lifelong cognitive and 
behavioral 
development.

Supplementation 
during critical brain 
development periods 
may influence 
cognitive and 
behavioral trajectories.

The full extent of 
DHA’s impact on 
long-term brain 
development 
remains 
understudied, and 
more research is 
needed.

[33, 64–66]

DHA: docosahexaenoic acid; LC-PUFA: long-chain polyunsaturated fatty acids; ROS: reactive oxygen species; EPA: 
eicosapentaenoic acid

The relationship between matenral omega-3 long-chain PUFAs (LC-PUFAs) levels and 
fetal neurodevelopment may follow a nonlinear pattern. While insufficient DHA levels impair fetal 
brain development, excessive DHA intake may generate oxidative stress and impair neuronal function 
through the overproduction of reactive oxygen species (ROS). Animal studies suggest that high DHA levels 
can lead to oxidative damage, thereby affecting cellular function. Recent studies have indicated that 
excessive DHA intake may also influence epigenetic modifications, altering gene expression related to 
neurodevelopment [12, 33, 50].

Tailored DHA intake strategies are essential for optimizing maternal and fetal health. Current evidence 
suggests that DHA levels should be adjusted based on baseline maternal DHA status and the specific needs 
of preterm infants. While ensuring adequate DHA intake is critical, excessive supplementation in women 
with sufficient omega-3 intake may be unnecessary and could pose potential risks. Customizing DHA intake 
can mitigate such risks, but further research is needed to define personalized supplementation guidelines 
based on maternal baseline levels and risk factors to establish safe upper intake limits for different 
populations [43, 44, 51, 52].

The timing, dosage, and population-specific needs of DHA supplementation during pregnancy remain 
critical considerations. Maternal-fetal nutrient exchange is influenced by genetic, nutritional, and metabolic 
factors, making it essential to determine the optimal DHA and EPA concentrations at various gestational 
stages. The heterogeneity in requirements across populations complicates the establishment of universal 
supplementation recommendations. Emerging evidence highlights that genetic polymorphisms affecting 
DHA metabolism may further modulate individual responses to supplementation [33, 53, 54].

Regarding safety, omega-3 supplementation up to 5 g/day of combined EPA and DHA is generally 
considered safe for pregnant and lactating women. Clinical trials indicate that doses up to 2.7 g/day of DHA 
are well tolerated, with minimal adverse effects. Although higher doses may slightly increase bleeding risks, 
these effects are rare and not typically clinically significant. However, recent meta-analyses suggest that 
excessive omega-3 intake might influence immune system development in infants, necessitating further 
investigation [22, 43, 55, 56].

Despite growing interest, research on DHA supplementation during lactation remains limited, and its 
effects on child cognitive outcomes are inconclusive. While it is hypothesized that DHA supplementation 
enhances neurodevelopment via breast milk enrichment, strong evidence supporting this claim is lacking. 
The variability in study design, sample sizes, and cognitive outcome measures further complicates 
interpretation. Some studies suggest that DHA-enriched breast milk may contribute to improved visual 
acuity and early cognitive function, but these findings require validation in larger cohorts [18, 57, 58].

The impact of DHA supplementation appears to be most pronounced in populations with low baseline 
omega-3 levels, where the greatest benefits in neurodevelopment are observed. While higher DHA doses 
(e.g., 1,440 mg/day) have been investigated, lower doses (300–400 mg/day) may be equally effective in 
supporting neurodevelopment. Personalized nutritional strategies based on baseline omega-3 levels could 
optimize neurodevelopmental outcomes. However, individual responses to DHA supplementation vary 
significantly, requiring a tailored approach. Recent research suggests that maternal DHA status during 



Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 9

pregnancy might also influence offspring metabolic health, highlighting a potential area for further 
exploration [40, 59, 60].

DHA supplementation may also have lasting cognitive and behavioral effects, including improved 
attention regulation and academic performance in childhood. Through its role in neural circuit formation, 
DHA supports cognitive functions such as attention, memory, and social behavior. However, evidence 
regarding the long-term cognitive effects of DHA supplementation remains inconsistent. Recent findings 
suggest that early DHA exposure may influence stress reactivity and emotional regulation later in life [40, 
61–63].

DHA plays a crucial role in neural plasticity, neurogenesis, and synaptic remodeling, suggesting 
potential lifelong benefits for brain health. By enhancing synaptic connectivity and neuronal function, DHA 
may influence cognitive and behavioral development beyond infancy. However, the long-term impact of 
DHA supplementation during critical neurodevelopmental windows remains insufficiently studied. Recent 
advancements in neuroimaging have provided preliminary evidence linking prenatal DHA exposure to 
structural and functional changes in brain connectivity [33, 64–66].

To clarify these inconsistencies, it is crucial to investigate the mechanisms and implications of DHA 
supplementation during pregnancy. Important areas of exploration include identifying optimal dosing 
strategies, customizing intake recommendations based on maternal health profiles, and evaluating the long-
term safety of DHA supplementation. Research should also focus on filling critical gaps, such as 
understanding the effects of sustained DHA use beyond the perinatal period. These insights are essential for 
refining research methodologies and clinical guidelines.

Beyond neurodevelopment, clinical evidence highlights the therapeutic potential of DHA and EPA 
supplementation in managing neuropsychiatric conditions [67]. Deficiencies in DHA have been closely 
linked to impaired synaptic signaling and mood dysregulation, which are characteristic features of 
disorders such as depression [68, 69]. Supplementation studies have shown significant cognitive and 
emotional benefits, including enhanced memory and executive function in individuals with mild cognitive 
impairment and dementia, as well as improved mood stability in those with depression.

These findings emphasize the dual role of omega-3 fatty acids in both the prevention and treatment of 
neuropsychiatric conditions, reinforcing their importance as essential dietary components for mental 
health [70]. The exploration of these benefits and their underlying mechanisms is addressed in subsequent 
sections.

Despite these promising findings, several challenges remain in establishing definitive 
recommendations for DHA supplementation during pregnancy. A major limitation is the lack of 
standardized methods for measuring omega-3 plasma levels across studies. This inconsistency affects the 
ability to assess adherence to supplementation protocols and evaluate the efficacy of different dosages. 
Additionally, variability in trial outcomes highlights the need for further investigation into maternal 
factors—such as diet, genetics, and environmental influences—that may modulate DHA’s effects.

In addition, understanding the molecular and cellular mechanisms by which DHA supports fetal brain 
development remains a critical area of research. Key neurodevelopmental processes, including 
neurogenesis, synaptogenesis, and myelination, depend on adequate DHA levels, and exploring these 
pathways will provide a solid scientific foundation for DHA supplementation strategies [71, 72]. 
Longitudinal studies are essential for evaluating the lasting effects of prenatal DHA intake on cognitive and 
behavioral outcomes, particularly in areas such as executive function, attention, and sleep patterns. These 
studies will help determine whether the benefits of early DHA supplementation extend into later life stages, 
offering valuable insights into the long-term impacts of maternal DHA intake.

Increasing the representation of diverse populations in research is vital for ensuring the broader 
applicability of findings. Including individuals from varied genetic, socioeconomic, and dietary backgrounds 
will help establish more inclusive dietary recommendations that are relevant across different 
demographics. Another important focus is the development of personalized dietary guidelines. Tailored 
recommendations that consider individual maternal and fetal health factors—such as genetics, pre-existing 
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conditions, and dietary habits—can maximize the benefits of DHA supplementation while minimizing 
potential risks.

Role of omega-3 fatty acids in fetal CNS development during pregnancy

Omega-3 fatty acids, particularly DHA, are crucial for the healthy development of the fetal central nervous 
system (CNS) during pregnancy. DHA is mobilized from maternal adipose tissue and transported across the 
placenta, accumulating in the fetal brain [73]. This accumulation supports brain structure formation and 
function, with significant increases in maternal plasma DHA concentrations occurring throughout 
pregnancy, especially during the second trimester—a critical period of neurodevelopment [32, 33, 73]. 
Given the essential role of DHA in this phase, ensuring adequate maternal DHA levels is vital for optimal 
CNS development.

Research into DHA supplementation during pregnancy has examined its effects on visual, cognitive, 
and motor development in offspring. However, findings remain inconsistent. While some studies suggest 
positive developmental outcomes, others report no significant improvements, indicating that factors such 
as maternal diet, genetics, and environmental influences may modify the effects of DHA supplementation 
[17, 48, 63, 74]. These inconsistencies highlight the need for further research to better understand the role 
of omega-3 fatty acids, particularly DHA, in prenatal development.

During pregnancy, maternal levels of DHA and AA decline as these and other essential fatty acids are 
preferentially transferred to the fetus via the placenta to support fetal neurodevelopment, particularly the 
growth and maturation of the CNS [75]. Maternal-infant DHA equilibrium is thought to be achieved when 
DHA transfer from maternal stores adequately meets fetal neurodevelopmental demands, reflecting an 
optimal DHA status for both mother and newborn [76]. Maintaining higher maternal DHA levels at delivery 
may further support DHA transfer during lactation, which remains critical for postnatal brain development 
[77]. This pattern suggests that fetal brain DHA levels rise rapidly during pregnancy and continue 
accumulating throughout the first year of life, emphasizing the importance of sufficient maternal omega-3 
intake for promoting optimal neurodevelopment and cognitive outcomes in offspring [33, 78, 79]. Prenatal 
DHA supplementation can further influence these outcomes by optimizing maternal omega-3 status and 
enhancing the child’s capacity to convert precursor fatty acids into LC-PUFAs, which are essential for CNS 
development [33, 80–82]. However, many studies fail to account for baseline maternal omega-3 status, 
excluding participants who already take DHA-containing supplements. Health organizations recommend 
regular consumption of DHA-rich foods, such as fish, to ensure sufficient intake. For example, the American 
Academy of Pediatrics advises consuming 1–2 servings of DHA-rich fish per week, and the 2020 Dietary 
Guidelines for Americans recommend 8–12 ounces of seafood weekly, providing 250–400 mg of omega-3 
fatty acids [83, 84].

DHA and EPA are essential for maintaining neuronal membrane integrity, facilitating neurotransmitter 
signaling, and promoting neurodevelopment. Deficiencies in omega-3 fatty acids are associated with 
impaired synaptic function, disrupted neurotransmitter systems, and hindered neurodevelopment, all of 
which are linked to neurodevelopmental and neuropsychiatric conditions, such as depression, and 
dementia [40, 85–88]. Omega-3 fatty acids are especially important during early neurodevelopment, as 
DHA and EPA contribute to the structural and functional integrity of neuronal membranes, promote 
synaptic connectivity, and enhance neurotransmitter efficiency [21, 88, 89].

Maternal omega-3 intake has a significant impact on offspring neurodevelopment, although clinical 
findings vary due to differences in supplementation timing, dosage, and study populations. Standardized 
research methodologies are needed to clarify the relationship between maternal omega-3 intake and 
offspring neurodevelopment [17, 50, 90, 91]. Omega-3 fatty acids also influence behavioral development, 
including sleep regulation and circadian rhythm establishment. DHA supports the maturation of neural 
pathways necessary for organized sleep patterns in infants, with supplementation during pregnancy 
associated with longer gestational periods and improved neurodevelopmental and behavioral outcomes 
[19, 50, 92–94].
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The placenta plays a vital role in supplying essential nutrients, including PUFAs, which are critical for 
fetal brain development. Emerging evidence suggests that maternal PUFA levels during pregnancy can have 
lasting effects on neonatal and childhood outcomes, including fetal growth, respiratory function, adiposity, 
and neurodevelopment [12, 32, 95–97]. Maternal PUFA status has been linked to cognitive function, 
behavioral health, and other neurodevelopmental markers [73, 98]. Additionally, the omega-3 to omega-6 
PUFA ratio in the maternal diet influences emotional and behavioral outcomes in children [99, 100]. A 
lower omega-3 to omega-6 ratio has been associated with an increased risk of emotional issues and autistic 
traits, while higher maternal omega-3 levels correlate with improved cognitive outcomes, such as higher IQ 
scores and enhanced sequential processing abilities [67, 101–103]. These findings suggest that both the 
quantity and balance of omega-3 and omega-6 PUFAs are crucial for fetal brain health.

Mechanisms of PUFA-mediated neurodevelopment: roles of DHA and EPA in fetal brain growth and 
CNS function during pregnancy

The mechanisms through which PUFAs influence neurodevelopment remain partially understood. 
However, certain fatty acids, including DHA, EPA, AA, and adrenic acid, play essential roles in neuronal 
membrane structure, neurogenesis, and myelination [96, 104]. DHA, in particular, is critical for synaptic 
function, axonal growth, and the establishment of neural networks during pregnancy [33, 105]. The second 
half of gestation is marked by rapid brain growth, involving neurogenesis, axonal elongation, dendritic 
differentiation, and synaptogenesis—all of which depend on the availability of omega-3 PUFAs [96, 106, 
107]. Insufficient omega-3 PUFA intake during pregnancy may disrupt these processes, potentially leading 
to reduced brain volume and impaired neurodevelopment [33, 69].

DHA may also regulate the expression of neurotrophic factors, such as brain-derived neurotrophic 
factor (BDNF) and leukemia inhibitory factor (LIF), which are critical for neurogenesis and brain volume 
[64, 96, 108]. The expression of these factors may be influenced by epigenetic mechanisms, including DNA 
methylation [109, 110]. Low maternal omega-3 PUFA levels could impair neurotrophic factor expression, 
negatively impacting neurogenesis and brain development [111, 112]. Moreover, insufficient omega-3 
PUFA intake may alter metabolic pathways, increasing the risk of childhood obesity and lowering HDL 
cholesterol, further affecting brain development [21, 69].

DHA and AA support synaptic connectivity and help maintain membrane fluidity in the brain’s gray 
matter. While these fatty acids can be synthesized endogenously from dietary precursors like ALA and 
linoleic acid, direct dietary sources, such as fatty fish, fish oil, and algae, provide more bioavailable and 
efficient forms [104, 113, 114]. Modern Western diets, characterized by an excessive linoleic acid to ALA 
ratio, tend to elevate AA levels while reducing the availability of DHA. This imbalance disrupts the essential 
equilibrium between omega-3 and omega-6 fatty acid and has been implicated in the pathophysiology of 
various neurodevelopmental disorders, including depression [1, 69, 115]. The homeostasis between 
omega-6 and omega-3 fatty acids is tightly regulated by shared enzymatic pathways—namely Δ6-
desaturase, Δ5-desaturase, and elongase—which convert linoleic acid and ALA into their bioactive 
metabolites, AA and DHA, respectively [116, 117]. However, the disproportionately high intake of linoleic 
acid in Western dietary patterns shifts this enzymatic competition toward omega-6 metabolism, thereby 
promoting the excessive synthesis of AA and limiting the conversion of ALA into DHA. This metabolic shift 
fosters a pro-inflammatory milieu, as AA-derived eicosanoids—such as prostaglandins and leukotrienes—
exert potent pro-inflammatory effects, whereas DHA and other omega-3 metabolites exert anti-
inflammatory and neuroprotective functions [6]. Consequently, the disrupted fatty acid balance may 
contribute to the onset and progression of neurodevelopmental and neuropsychiatric disorders by altering 
neuronal membrane composition, impairing synaptic plasticity, and exacerbating neuroinflammatory 
responses. Addressing these dietary imbalances is therefore critical for reducing the risk associated with 
omega-3 deficiencies and their neurobiological consequences.

In addition to their structural roles, bioactive mediators derived from DHA and AA, such as the 
oxylipins, play a key role in regulating CNS functions. These mediators are produced through enzymatic 
pathways involving cyclooxygenase (COX), lipoxygenase (LOX), and cytochrome P450 (CYP) enzymes, 
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modulating inflammation and immune responses [118–120]. These bioactive lipids underscore the 
physiological importance of dietary fatty acids in maintaining CNS homeostasis and supporting 
neurodevelopmental processes.

Research suggests that maternal PUFA levels during pregnancy influence the morphology of the 
offspring’s brain, including brain volume and white matter integrity. Higher maternal omega-3 PUFA levels, 
particularly DHA, have been linked to larger brain volumes and improved white matter microstructure in 
children. These effects are especially evident in gray matter. However, omega-6 PUFAs, particularly long-
chain omega-6 fatty acids, do not appear to exert similar benefits on brain morphology. In fact, certain 
omega-6 fatty acids, such as linoleic acid, may be inversely associated with white matter volume. Despite 
evidence supporting the role of omega-3 PUFAs in brain development, the relationship between maternal 
PUFA status and brain morphology remains complex and requires further exploration.

Maternal omega-3 PUFAs and offspring brain development: unraveling public health implications

Maternal omega-3 PUFAs are essential for optimal fetal brain development. However, significant gaps 
remain in understanding the specific mechanisms driving these effects. Existing research highlights the 
critical role of omega-3 fatty acids, but further studies involving larger and more diverse populations are 
needed to better understand how prenatal omega-3 exposure influences brain morphology and cognitive 
outcomes. Investigating omega-3 levels during key neurodevelopmental windows is essential for assessing 
their cumulative impact on brain health throughout pregnancy.

Understanding the causal relationship between maternal PUFA levels and fetal brain development has 
important public health implications. This knowledge could inform targeted interventions, such as dietary 
recommendations or supplementation programs, aimed at optimizing maternal and fetal health. Such 
strategies could promote healthy brain development, reduce the risk of neurodevelopmental disorders, and 
address long-term concerns like cognitive impairments and mental health disorders later in life.

Identifying the populations most likely to benefit from omega-3 supplementation remains an area of 
significant research gap, particularly when considering factors such as baseline omega-3 levels and dietary 
habits. For instance, data from the National Health and Nutrition Examination Survey (NHANES) reveal that 
while a considerable number of pregnant and lactating women in the U.S. use dietary supplements, a 
relatively small proportion specifically consume DHA or EPA supplements [84, 121, 122]. Furthermore, 
genetic factors, such as variations in fatty acid desaturase genes, can influence omega-3 metabolism [123, 
124], underscoring the need for personalized nutritional approaches. Addressing these gaps is critical for 
optimizing omega-3 supplementation strategies and ensuring that individuals who are most likely to 
benefit receive adequate intake.

The determination of the optimal timing and form of omega-3 supplementation remains 
underexplored. While most studies have compared omega-3 supplements to placebos, alternative methods, 
such as multivitamins, fortified foods, or natural sources like seafood, merit further investigation. 
Additionally, examining the combined effects of omega-3 supplementation during pregnancy and lactation, 
along with identifying critical supplementation windows, could offer valuable insights. To ensure findings 
are broadly applicable, future studies should include diverse populations, encompassing various ethnicities, 
socioeconomic backgrounds, and geographic locations. These considerations are essential for developing 
tailored guidelines to promote public health and reduce the burden of neurodevelopmental disorders.

Implications of maternal omega-3 PUFA deficiency on microglial function, 
hippocampal dysfunction, and cognitive impairment
Sections Maternal omega-3 deficiency and microglial dysregulation in neurodevelopment and The impact 
of omega-3 PUFA deficiency on hippocampal development and cognitive function examine the impact of 
maternal omega-3 PUFA deficiency on neurodevelopment, with a focus on microglial dysfunction. Microglia 
play a critical role in neural circuit formation, synaptic pruning, and brain homeostasis. Omega-3 PUFA 
deficiency during pregnancy may disrupt microglial function, impair neurodevelopment, and increase the 
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risk of cognitive deficits and neurodevelopmental disorders. Notably, studies investigating the role of 
omega-3 PUFAs in supporting microglial function and synaptic pruning have been primarily conducted in 
animal models, limiting their direct applicability to human neurodevelopment. This discussion also 
explores the broader role of omega-3 PUFAs in brain development, particularly during critical periods, and 
their connection to major depressive disorder (MDD) and the gut-brain axis. While research on omega-3 
supplementation for pediatric neurological disorders remains limited, its anti-inflammatory properties and 
neuroprotective potential offer promising avenues for future investigation.

Maternal omega-3 deficiency and microglial dysregulation in neurodevelopment

Neurodevelopment is a complex process orchestrated by cellular and molecular mechanisms that establish 
functional neural circuits, essential for cognitive, behavioral, and motor functions [125, 126]. Microglia play 
a pivotal role in brain homeostasis and neuroinflammation regulation during development [127]. A key 
function of microglia in brain maturation is synaptic pruning—the selective elimination of redundant 
synapses to refine neuronal circuits—which is critical for cognitive and behavioral function maturation 
[128]. Dysregulated synaptic pruning has been linked to neurodevelopmental disorders, including 
depression [129].

Recent research underscores the significant influence of maternal nutrition on offspring 
neurodevelopment, with omega-3 PUFAs, particularly DHA and EPA, being essential for synaptic plasticity, 
neuronal membrane integrity, and anti-inflammatory signaling [87, 89]. Maternal deficiencies in omega-3 
PUFAs during gestation and lactation disrupt neurodevelopment, particularly by impairing microglial 
function. Notably, omega-3 PUFA deficiency is associated with excessive microglial pruning in key brain 
regions such as the hippocampus, a structure critical for learning and memory [73, 130, 131].

Microglia function as both immune sentinels and regulators of neural circuit refinement [132]. During 
neurodevelopment, they facilitate apoptotic cell removal and synaptic pruning, processes crucial for the 
maturation of functional neural circuits [133]. At the cellular level, microglia rely on intricate intracellular 
signaling cascades, such as the PI3K/Akt and MAPK pathways, to modulate phagocytic activity and 
inflammatory responses. These molecular mechanisms are tightly regulated by cytokines, lipid mediators, 
and neurotransmitters, ensuring a balance between synapse elimination and preservation [134, 135]. 
Synaptic pruning is particularly active postnatally, ensuring the precise refinement of brain circuits through 
signaling pathways such as the complement cascade and fractalkine receptor interactions, which selectively 
eliminate redundant synapses while preserving essential neural pathways [136, 137]. Dysregulated 
pruning, whether excessive or insufficient, disrupts neural circuit formation, leading to cognitive deficits 
and behavioral disorders [138].

Maternal omega-3 PUFA deficiency has been shown to drive overactive microglial pruning [130, 131], 
primarily through the 12/15-LOX pathway. This pathway metabolizes AA into bioactive lipid mediators 
such as 12-hydroxyeicosatetraenoic acid (12-HETE), which enhances microglial phagocytosis, resulting in 
excessive synaptic pruning [139, 140]. Omega-3 PUFAs regulate microglial activation through peroxisome 
proliferator-activated receptors (PPARs) and retinoid X receptors, which modulate gene expression related 
to neuroinflammation [141, 142]. These nuclear receptors help ensure that microglia maintain homeostatic 
functions rather than transitioning into a hyperactive state [143]. Furthermore, omega-3 PUFA metabolites 
can counteract the effects of pro-inflammatory lipid mediators derived from AA, thus suppressing excessive 
synaptic pruning [131, 144]. In normal conditions, microglial activity is balanced to maintain synaptic 
connectivity, but omega-3 PUFA deficiency disrupts this balance, shifting toward an overactive pruning 
response [131].

At the molecular level, the upregulation of the LOX pathway alters the lipid microenvironment within 
microglial cells, leading to increased production of pro-inflammatory lipid mediators that exacerbate 
synaptic engulfment [145, 146]. These changes are accompanied by enhanced expression of complement 
proteins, further amplifying the process of synapse elimination. Additionally, maternal omega-3 PUFA 
deficiency disrupts microglial metabolic pathways by altering lipid raft composition in the cell membrane. 
This results in dysfunctional signaling cascades, leading to an overproduction of ROS and increased 
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activation of the NF-κB pathway, which perpetuates neuroinflammation and exacerbates synaptic loss [130, 
147]. Elevated 12-HETE levels promote synaptic spine engulfment, reducing spine density and impairing 
synaptic connectivity and function [131].

The interaction between the 12-HETE pathway and the complement cascade exacerbates excessive 
synaptic pruning. The complement system marks synaptic elements for removal, and its activation 
alongside 12-HETE signaling amplifies microglial pruning activity [138, 148, 149]. On a cellular level, 
microglial engulfment of synaptic elements is driven by upregulated expression of complement receptor 3 
and triggering receptor expressed on myeloid cells 2, both of which become hyperactivated under omega-3 
PUFA-deficient conditions [131, 145, 150]. This heightened activity leads to an imbalance in synaptic 
homeostasis, ultimately compromising neural network stability and connectivity.

This synergistic effect leads to disrupted neural connectivity, highlighting the critical role of maternal 
omega-3 PUFA intake in maintaining microglial function and synaptic integrity during neurodevelopment. 
Ensuring optimal maternal nutrition, particularly sufficient omega-3 PUFA consumption, is essential for 
proper neural circuit development and the prevention of neurodevelopmental disorders.

The impact of omega-3 PUFA deficiency on hippocampal development and cognitive function

The hippocampus, a brain region crucial for learning and memory, is particularly vulnerable to the effects of 
maternal omega-3 PUFA deficiency [151, 152]. Structural impairments, such as reduced dendritic length 
and decreased expression of key synaptic proteins like PSD-95 and cofilin, have been observed in the 
hippocampi of offspring from omega-3 PUFA-deficient mothers [131, 153]. These structural changes are 
accompanied by functional impairments, including deficits in spatial memory and cognitive flexibility, 
which become apparent even at early developmental stages such as weaning. The excessive pruning of 
synaptic elements in the hippocampus contributes to these abnormalities, ultimately leading to long-term 
cognitive deficits [154].

These findings imply maternal omega-3 PUFA deficiency in the pathogenesis of neurodevelopmental 
disorders characterized by hippocampal dysfunction, such as depression [155]. The observed structural 
and functional impairments in the hippocampus highlight the critical importance of maternal nutrition 
during key windows of neurodevelopment, particularly in the context of synaptic remodeling. At a cellular 
level, hippocampal neurons exposed to omega-3 PUFA deficiency exhibit reduced spine density and altered 
expression of synaptic adhesion molecules, impairing synaptic transmission [89, 156]. This results in 
decreased long-term potentiation, the primary mechanism underlying learning and memory. Additionally, 
maternal omega-3 PUFA depletion disrupts hippocampal neurogenesis, leading to reduced neuronal 
proliferation and survival in the dentate gyrus, a crucial region for memory encoding [89, 157].

On a molecular scale, omega-3 PUFA deficiency induces alterations in synaptic protein composition, 
reducing the availability of AMPA and NMDA receptor subunits necessary for excitatory neurotransmission 
[158, 159]. Additionally, deficits in DHA incorporation within neuronal membranes impair membrane 
fluidity, weakening synaptic signal transduction and plasticity [160]. The imbalance between omega-3 and 
omega-6 PUFAs during pregnancy can have lasting effects on offspring brain development, influencing 
cognitive outcomes and increasing the risk of neurodevelopmental disorders [107].

The balance between maternal omega-3 and omega-6 PUFAs is essential for healthy brain 
development, as deficiencies and imbalances can disrupt microglial function, synaptic pruning, and 
hippocampal activity. Addressing these imbalances through targeted nutritional and therapeutic 
interventions holds promise for optimizing neurodevelopment and supporting lifelong brain health.

Maternal omega-3 PUFA deficiency and its impact on neurodevelopment: implications for cognitive 
health and therapeutic strategies

Epidemiological studies have consistently demonstrated a strong link between maternal omega-3 PUFA 
deficiency and impaired neurodevelopment, with lasting cognitive consequences for offspring [69, 80]. 
Reduced levels of DHA and EPA during pregnancy are associated with smaller brain size, altered neural 
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connectivity, and cognitive deficits in the offspring [33]. The omega-3 PUFA index, which measures DHA 
and EPA levels in erythrocytes, has emerged as a promising biomarker for assessing the risk of 
neurodevelopmental impairments. This index could potentially guide public health initiatives aimed at 
improving maternal nutrition and reducing the risk of neurodevelopmental disorders [21, 38, 161].

Supplementing maternal diets with DHA and EPA during pregnancy and lactation holds considerable 
potential for mitigating the effects of omega-3 PUFA deficiency. Such dietary interventions are critical in 
preserving synaptic connectivity and preventing the cognitive impairment associated with excessive 
microglial pruning [60, 105, 162]. Therapeutic approaches targeting neuroinflammatory pathways, such as 
pharmacological inhibitors of the 12/15-LOX pathway or dietary interventions aimed at restoring lipid 
homeostasis [163], represent promising strategies for mitigating the adverse effects of omega-3 PUFA 
deficiency. Additionally, modulating maternal gut microbiota composition through probiotics and 
prebiotics may enhance omega-3 PUFA bioavailability [164], further supporting neurodevelopment. 
Targeting early-life nutritional strategies, particularly for at-risk populations, such as pre-term or low-
birth-weight infants, can significantly improve neurodevelopmental outcomes and reduce the risk of 
neurodevelopmental disorders in these vulnerable groups.

Omega-3 PUFAs in pediatric depression: early-life deficiency, central 
mechanisms, and therapeutic implications
The early stages of life are critical for brain growth and maturation, characterized by an increased demand 
for omega-3 PUFAs, particularly DHA and EPA. Deficiencies in omega-3 PUFAs during this vulnerable 
period can disrupt these vital processes, resulting in long-lasting cognitive and emotional impairments, 
with an elevated risk of pediatric depression [165, 166].

Maternal omega-3 PUFA deficiency also poses a significant risk, as it is linked to a higher likelihood of 
maternal depression, further exacerbating health challenges for both mother and child [167, 168]. Research 
in animal models suggests that maternal immune activation, combined with an omega-3 PUFA-deficient 
diet, can intensify neuroinflammation and cognitive deficits in offspring. This combination may increase the 
likelihood of neurodevelopmental and psychiatric disorders, including depression [169–171]. 
Epidemiological studies further support this association, showing that low maternal seafood consumption 
correlates with poorer neurodevelopmental outcomes and a heightened risk of neuropsychiatric 
conditions, such as depression [172, 173].

DHA deficiency is consistently linked to structural and functional abnormalities in the brain, 
contributing to enduring learning and memory deficits [33, 174]. These deficits are associated with a 
heightened vulnerability to mood disorders, including depression. Ensuring adequate DHA intake during 
early life is crucial for fostering long-term cognitive and emotional health, thereby mitigating the risk of 
pediatric depression.

The potential role of omega-3 PUFA in managing major depressive disorder in children and 
adolescents

MDD is a leading cause of morbidity among children and adolescents, with prevalence rates ranging from 
5% to 12% [175]. Despite the substantial public health burden, current treatment options for pediatric 
MDD are limited, and traditional pharmacological interventions, such as selective serotonin reuptake 
inhibitors (SSRIs), often demonstrate insufficient efficacy [176]. This has prompted growing interest in 
alternative therapeutic approaches, particularly the potential role of omega-3 PUFAs, such as EPA and DHA, 
in alleviating the pathophysiology of depression. Deficiencies in these fatty acids have been observed in 
individuals with depression, leading to investigations into their therapeutic benefits.

Epidemiological studies consistently suggest that higher dietary intake of omega-3 PUFAs is associated 
with lower rates of depression, highlighting a potential protective role for these fatty acids in mental health 
[177, 178]. Clinical trials have confirmed the antidepressant effects of EPA and DHA, not only in MDD but 
also in other mood disorders, such as bipolar disorder [55]. Interestingly, these fatty acids appear to exert a 
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more pronounced effect during depressive episodes compared to manic phases, emphasizing their selective 
benefit for mood regulation. Various mechanisms have been proposed to explain these effects, including 
their impact on the gut-brain axis, their ability to restore autonomic nervous system (ANS) function, and 
their role in reducing systemic inflammation.

One of the key mechanisms through which omega-3 PUFAs influence depression is by modulating the 
ANS. Depression is often associated with vagal withdrawal, which leads to reduced heart rate variability 
(HRV)—a marker of emotional dysregulation and impaired psychological flexibility [171, 179, 180]. 
Research has shown that HRV is significantly lower in adolescents with depression compared to healthy 
controls. Supplementation with omega-3 PUFAs has been demonstrated to increase HRV, suggesting that 
the restoration of autonomic function may help alleviate depressive symptoms. Additionally, omega-3 
PUFAs help prevent autonomic dysregulation, improving HRV, reducing arrhythmic risks, and lowering the 
risk of sudden death [179, 181]. Early-life supplementation with omega-3 PUFAs may be especially critical 
for promoting healthy autonomic function, which could be pivotal for both the prevention and treatment of 
depression in children and adolescents.

Beyond their structural and functional roles, omega-3 PUFAs possess potent anti-inflammatory 
properties that help mitigate neuroinflammation—a key contributor to the pathophysiology of depression 
[182, 183]. By modulating inflammatory markers such as NF-κB, interleukin-6 (IL-6), interleukin-17A (IL-
17A), and tumor necrosis factor-alpha (TNF-α), omega-3 PUFAs support a balanced immune response, 
creating a favorable environment for neurodevelopment and mental health [184–186]. Specifically, EPA 
counters inflammation by reducing the levels of AA, a pro-inflammatory omega-6 PUFA, and inhibiting the 
synthesis of inflammatory mediators such as prostaglandin E2. Animal studies further highlight the 
protective effects of omega-3 PUFAs, showing that maternal deficiencies in these fatty acids exacerbate 
inflammatory pathways, which lead to cognitive deficits in offspring [144, 187, 188].

Research also suggests that omega-3 PUFAs exert their antidepressant effects, at least in part, by 
reducing systemic inflammation. Genetic variations in enzymes involved in PUFA metabolism, such as 
phospholipase A2 and COX-2, can lead to inflammation-driven depression by lowering the levels of anti-
inflammatory omega-3 PUFAs [165, 189]. This phenomenon is observed not only in individuals with MDD 
but also in patients who develop depression as a result of treatments that induce systemic inflammation, 
such as interferon-α therapy [190]. Therefore, omega-3 PUFAs may play a vital role in managing depression 
and promoting brain health by targeting both inflammation and autonomic function, suggesting their 
potential as a complementary treatment option for pediatric MDD.

Influence of omega-3 PUFAs on the gut-brain axis: a central mechanism in depression

Recent research has highlighted the crucial role of omega-3 PUFAs in modulating the gut-brain axis—a 
bidirectional communication network linking the gut microbiota and the CNS. This emerging understanding 
provides a novel framework for how omega-3 PUFAs exert their neuroprotective and therapeutic effects, 
particularly in mood and neurodevelopmental disorders [191, 192]. By serving as key modulators of this 
intricate system, omega-3 PUFAs influence the interplay between dietary components, microbial 
populations, and CNS function [193].

Diet significantly influences the composition and metabolic activity of the gut microbiome, which is 
integral to host health, immune function, and nutrient metabolism. Additionally, the gut microbiome is 
implicated in the development of mental disorders. Different dietary patterns—such as Western, 
Mediterranean, vegetarian, and ketogenic diets—affect gut microbiota composition and function, with 
potential implications for neuropsychiatric and psychological disorders within the emerging field of 
nutritional psychiatry [194].

Early-life supplementation with EPA and DHA has been shown to restore gut microbiota equilibrium 
by promoting beneficial bacterial populations such as Bifidobacterium and Lactobacillus, while also 
enhancing butyrate-producing bacteria known for their anti-inflammatory properties [164, 191]. This 
microbiota balance correlates with reduced neuroinflammation, improved cognitive performance, and 
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enhanced behavioral outcomes, underscoring the therapeutic potential of omega-3 PUFAs in supporting 
brain health via gut-mediated mechanisms.

The human gut microbiome begins to form in utero and matures during the first 2–3 years of life, 
influenced by factors such as mode of delivery, breastfeeding, antibiotics, chemicals, and maternal stress. 
Recent evidence highlights the gut microbiome’s role in early brain development and its link to 
neurodevelopmental disorders such as autism, ADHD, Tourette syndrome, and cerebral palsy. Disruptions 
in the microbiome during early life may contribute to the onset of these disorders and suggest potential 
avenues for future treatments [195].

Omega-3 PUFAs modulate gene expression through their role as ligands for nuclear receptors, 
particularly PPARs [141]. PPAR-γ activation by omega-3 fatty acids upregulates anti-inflammatory genes 
while downregulating pro-inflammatory cytokines such as TNF-α and IL-6 [196]. Additionally, omega-3 
PUFAs influence the NF-κB signaling pathway, a critical regulator of inflammation, by inhibiting its nuclear 
translocation and subsequent transcription of inflammatory mediators [197]. This suppression reduces 
microglial activation and mitigates neuroinflammatory responses that contribute to mood disorders.

Gut dysbiosis—an imbalance in microbial composition—has been strongly implicated in the 
pathophysiology of depression. Preclinical models demonstrate that antibiotic-induced dysbiosis leads to 
depressive-like behaviors, including anhedonia and social withdrawal, which can be alleviated by probiotic 
interventions such as Lactobacillus casei [198]. Similarly, microbiota transplantation from individuals with 
depression into germ-free rodents induces comparable depressive phenotypes, reinforcing the critical role 
of the gut microbiome in mood regulation [199].

The gut microbiota influences brain function through microbial metabolites, including short-chain fatty 
acids (SCFAs) and neurotransmitter precursors [200]. Omega-3 PUFAs enhance SCFA production by 
supporting the growth of butyrate-producing bacteria [164, 191]. Butyrate, in turn, activates histone 
deacetylase (HDAC) inhibition, leading to epigenetic modifications that regulate neuronal plasticity and 
synaptic function [201]. Moreover, omega-3 fatty acids facilitate serotonin biosynthesis by modulating 
tryptophan metabolism [202, 203], shifting its processing away from neurotoxic quinolinic acid production 
and toward serotonin synthesis, thereby exerting antidepressant effects.

SCFAs—metabolites produced by gut microbiota through fiber fermentation—are central to this gut-
brain connection. SCFAs such as butyrate, acetate, and propionate exert significant immunomodulatory 
effects, with butyrate and acetate generally reducing neuroinflammation, while propionate has been linked 
to microglial activation and pro-inflammatory responses [200, 204]. This variability underscores the 
importance of individual microbiome composition and inflammatory state in shaping SCFA-mediated 
effects on depression.

Both human and animal studies corroborate the therapeutic potential of omega-3 PUFAs in modulating 
the gut-brain axis. By reshaping gut microbiota composition and fostering anti-inflammatory conditions, 
omega-3 PUFAs offer a promising adjunct therapy for neurodevelopmental and psychiatric disorders, 
including depression. Beyond their direct anti-inflammatory properties, omega-3 PUFAs enhance synaptic 
plasticity through activation of BDNF signaling [205]. By upregulating BDNF expression via the ERK-CREB 
pathway, omega-3 fatty acids support neuronal survival, dendritic growth, and synaptic connectivity [206, 
207], all of which are crucial for mood stabilization and cognitive function. Their multifaceted role extends 
beyond neuroprotection, positioning them as systemic regulators of mental health. Continued research into 
their influence on gut-brain interactions may pave the way for innovative dietary and pharmacological 
interventions, enhancing resilience and improving outcomes in neuropsychiatric care.

Clinical evidence for omega-3 PUFA supplementation in pediatric MDD

Preclinical studies have highlighted the potential therapeutic role of omega-3 PUFAs in depression; 
however, clinical evidence specifically addressing pediatric MDD remains sparse (Table 4). The following 
studies offer insight into the efficacy of omega-3 PUFA supplementation in this population, with varying 
results influenced by dosage, population characteristics, and study design.
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Table 4. Impact of omega-3 PUFA supplementation on depression in youth: population, dosage, and efficacy insights

Study Population Intervention Duration Key findings References

Pilot study on 
first-time 
DD/MADD

Children/adolescents 
(7–18 years)

Omega-3 PUFAs 
(1,000 mg EPA + 750 mg 
DHA) vs. n-6 PUFAs

Not 
specified

Significant reduction in 
depressive symptoms with 
omega-3 PUFAs; greater 
improvement in DD group vs. 
MADD group.

[171, 208]

Low-dose PUFA 
study in children

Children (6–12 years) Omega-3 PUFAs 
(380–400 mg/day EPA + 
180–200 mg/day DHA) 
vs. placebo

16 weeks Greater improvement in 
depressive symptoms in the 
omega-3 PUFA group 
compared to placebo.

[171, 209, 
210]

Dose-response 
study in 
adolescents

Adolescents with 
treatment-resistant 
MDD

High-dose (16.2 g) vs. 
low-dose (2.4 g) omega-3 
PUFA supplementation

10 weeks 100% remission in high-dose 
group; 40% remission in low-
dose group.

[211–213]

Larger trial in 
medication-free 
adolescents

Adolescents 
(12–19 years)

Omega-3 PUFA 
supplementation vs. 
placebo

Not 
specified

No significant differences: 
authors attributed findings to 
lack of baseline inflammatory 
markers.

[209, 211, 
214, 215]

DD: depressive disorder; MADD: mixed anxiety and depressive disorder; EPA: eicosapentaenoic acid; DHA: docosahexaenoic 
acid; PUFAs: polyunsaturated fatty acids; MDD: major depressive disorder

Evidence consistently indicates that omega-3 PUFA supplementation is effective in reducing depressive 
symptoms, particularly in younger children and adolescents experiencing their first depressive episodes or 
those with treatment-resistant MDD [165, 166, 209, 213, 216, 217]. These findings highlight the therapeutic 
potential of omega-3 PUFAs, with higher doses demonstrating a greater capacity to achieve symptom 
remission compared to lower doses. Such dose-dependent efficacy emphasizes the need for optimal dosing 
to maximize therapeutic outcomes.

Baseline inflammatory profiles may significantly influence treatment response. Adolescents without 
signs of inflammation appear to benefit less from omega-3 PUFA supplementation, suggesting that 
inflammatory biomarkers could play a critical role in identifying patients most likely to respond. 
Incorporating these biomarkers into future studies may enable more personalized and effective treatment 
approaches.

Treatment efficacy varies depending on factors such as age, baseline symptom severity, and the 
presence of comorbid conditions, including mixed anxiety-depressive disorder. Tailored interventions that 
address these individual differences are essential to overcome the heterogeneity within study populations 
and ensure consistent therapeutic success.

Although current evidence supports the potential of omega-3 PUFAs as an adjunctive treatment for 
pediatric MDD, further research is necessary. Large-scale, stratified studies are needed to confirm these 
findings, refine dosing strategies, and explore interactions among omega-3 PUFA metabolism, genetic 
factors, and gut microbiota.

Omega-3 PUFAs hold promise as a complementary treatment for pediatric MDD, particularly for 
subgroups with treatment-resistant conditions or specific inflammatory profiles. However, further in-depth 
exploration is required to optimize supplementation protocols, determine effective dosages, and clarify the 
mechanisms underlying their therapeutic effects to advance pediatric mental health interventions.

Conclusions
The reliability and generalizability of omega-3 fatty acid research are often constrained by small sample 
sizes, which reduce statistical power and increase bias, thereby weakening the strength of conclusions. 
Additionally, methodological inconsistencies in measuring omega-3 levels introduce variability across 
studies, complicating direct comparisons and compromising result reproducibility. The absence of 
standardized measurement protocols further hinders data interpretation, necessitating the adoption of 
uniform analytical techniques and large-scale, well-controlled studies to enhance validity and 
comparability.
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Despite substantial research highlighting the critical role of omega-3 fatty acids in early brain 
development, behavior, and cognitive function, significant knowledge gaps remain. One major limitation 
lies in the incomplete understanding of the biochemical mechanisms governing omega-3 and omega-6 
mobilization in brain tissue, particularly the enzymatic activity of phospholipase A2 (PLA2) isoforms. These 
enzymes, including cytosolic PLA2 (cPLA2), secretory PLA2 (sPLA2), and calcium-independent PLA2 
(iPLA2), play pivotal roles in hydrolyzing membrane phospholipids to release PUFAs, such as AA and DHA. 
Dysregulation of these enzymes has been implicated in neurodevelopmental and neurodegenerative 
disorders, underscoring the need for further research into their regulatory pathways and interactions 
within the brain.

Future research should prioritize standardized intervention methodologies and individualized 
supplementation strategies, particularly for high-risk populations such as pregnant women, individuals 
with metabolic disorders, and those following restrictive diets. Advances in lipidomics and machine 
learning-based predictive modeling may facilitate the precise identification of individuals who would 
benefit most from omega-3 interventions, paving the way for precision nutrition in maternal and fetal 
health. Furthermore, accounting for confounding factors—such as maternal health, lifestyle, and diet—is 
essential, as these variables significantly influence DHA’s neurodevelopmental effects. Longitudinal studies 
tracking maternal nutrient levels and fetal development are critical for elucidating DHA’s full impact. 
However, variability in neurodevelopmental assessments and the underrepresentation of diverse 
populations limit the generalizability of findings. Addressing these challenges through multi-ethnic cohort 
studies and integrating machine learning approaches for neurodevelopmental assessment will enhance the 
reliability of future research [16, 218–220].

A key limitation of existing studies on PUFA supplementation, particularly DHA, is the heterogeneity in 
study designs, sample populations, and assessment methodologies. Genetic variations influencing PUFA 
metabolism, interindividual differences in dietary absorption, and the potential confounding effects of 
broader dietary patterns, socioeconomic disparities, and environmental influences further complicate the 
ability to establish definitive conclusions. Additionally, while observational and epidemiological studies 
provide valuable insights, they cannot establish causality. To strengthen the evidence base for DHA 
supplementation, future research should prioritize RCTs with standardized dosing regimens and long-term 
follow-ups. Moreover, while the therapeutic potential of omega-3 fatty acids is widely recognized, the 
potential risks associated with excessive supplementation warrant further investigation to refine dietary 
recommendations and develop personalized nutrition strategies.

PUFAs, particularly omega-3 and omega-6 fatty acids, are essential components of cellular membranes 
and play crucial roles in neurodevelopment, inflammation, and cardiovascular function. DHA is particularly 
vital during pregnancy and early development, supporting synaptic connectivity, myelination, and 
hippocampal function, all of which influence cognitive and behavioral outcomes. However, omega-3 
deficiencies during critical developmental periods can increase the risk of neurodevelopmental disorders 
and depression. Emerging evidence suggests that omega-3 fatty acids modulate neuroinflammatory 
pathways and the gut-brain axis, highlighting their potential therapeutic role in pediatric depression and 
overall brain health.

Despite their promise, significant gaps remain in our understanding of PUFAs, particularly regarding 
standardization of assessment methodologies and the influence of genetic, dietary, and environmental 
factors. Addressing these challenges requires collaborative, multidisciplinary research efforts integrating 
advanced technologies such as metabolomics and genomics. By refining study methodologies, increasing 
study inclusivity, and establishing evidence-based supplementation guidelines, future research can better 
elucidate the mechanisms underlying PUFA function and optimize their application in neurodevelopmental 
health.



Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 20

Abbreviations
AA: arachidonic acid

ADHD: attention-deficit/hyperactivity disorder

ALA: alpha-linolenic acid

ANS: autonomic nervous system

BDNF: brain-derived neurotrophic factor

CNS: central nervous system

COX: cyclooxygenase

cPLA2: cytosolic phospholipase A2

DHA: docosahexaenoic acid

EPA: eicosapentaenoic acid

GLA: gamma-linolenic acid

HRV: heart rate variability

IL-6: interleukin-6

LA: cis-linoleic acid

LC-PUFA: long-chain polyunsaturated fatty acids

LOX: lipoxygenase

MDD: major depressive disorder

PLA2: phospholipase A2

PPARs: peroxisome proliferator-activated receptors

PUFAs: polyunsaturated fatty acids

RCTs: randomized controlled trials

ROS: reactive oxygen species

SCFAs: short-chain fatty acids

SSRIs: selective serotonin reuptake inhibitors

TNF-α: tumor necrosis factor-alpha

Declarations
Author contributions

RMG and MMN: Conceptualization, Writing—original draft, Writing—review & editing.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical approval

Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.



Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 21

Availability of data and materials

Not applicable.

Funding

Not applicable.

Copyright

© The Author(s) 2025.

Publisher’s note
Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations 
and maps. All opinions expressed in this article are the personal views of the author(s) and do not 
represent the stance of the editorial team or the publisher.

References
Smolińska K, Szopa A, Sobczyński J, Serefko A, Dobrowolski P. Nutritional Quality Implications: 
Exploring the Impact of a Fatty Acid-Rich Diet on Central Nervous System Development. Nutrients. 
2024;16:1093. [DOI] [PubMed] [PMC]

1.     

Xiong Y, Li X, Liu J, Luo P, Zhang H, Zhou H, et al. Omega-3 PUFAs slow organ aging through 
promoting energy metabolism. Pharmacol Res. 2024;208:107384. [DOI] [PubMed]

2.     

Lee-Okada H, Xue C, Yokomizo T. Recent advances on the physiological and pathophysiological roles 
of polyunsaturated fatty acids and their biosynthetic pathway. Biochim Biophys Acta Mol Cell Biol 
Lipids. 2025;1870:159564. [DOI] [PubMed]

3.     

Worthmann A, Ridder J, Piel SYL, Evangelakos I, Musfeldt M, Voß H, et al. Fatty acid synthesis 
suppresses dietary polyunsaturated fatty acid use. Nat Commun. 2024;15:45. [DOI] [PubMed] [PMC]

4.     

Balić A, Vlašić D, Žužul K, Marinović B, Mokos ZB. Omega-3 Versus Omega-6 Polyunsaturated Fatty 
Acids in the Prevention and Treatment of Inflammatory Skin Diseases. Int J Mol Sci. 2020;21:741. 
[DOI] [PubMed] [PMC]

5.     

Mariamenatu AH, Abdu EM. Overconsumption of Omega-6 Polyunsaturated Fatty Acids (PUFAs) 
versus Deficiency of Omega-3 PUFAs in Modern-Day Diets: The Disturbing Factor for Their 
“Balanced Antagonistic Metabolic Functions” in the Human Body. J Lipids. 2021;2021:8848161. 
[DOI] [PubMed] [PMC]

6.     

Mustonen A, Nieminen P. Dihomo- γ-Linolenic Acid (20:3n-6)-Metabolism, Derivatives, and Potential 
Significance in Chronic Inflammation. Int J Mol Sci. 2023;24:2116. [DOI] [PubMed] [PMC]

7.     

Baker EJ, Miles EA, Burdge GC, Yaqoob P, Calder PC. Metabolism and functional effects of plant-
derived omega-3 fatty acids in humans. Prog Lipid Res. 2016;64:30–56. [DOI] [PubMed]

8.     

Banaszak M, Dobrzyńska M, Kawka A, Górna I, Woźniak D, Przysławski J, et al. Role of Omega-3 fatty 
acids eicosapentaenoic (EPA) and docosahexaenoic (DHA) as modulatory and anti-inflammatory 
agents in noncommunicable diet-related diseases - Reports from the last 10 years. Clin Nutr ESPEN. 
2024;63:240–58. [DOI] [PubMed]

9.     

Rao AS, Nair A, Nivetha K, Ayesha B, Hardi K, Divya V, et al. Impacts of Omega-3 Fatty Acids, Natural 
Elixirs for Neuronal Health, on Brain Development and Functions. Methods Mol Biol. 2024;2761:
209–29. [DOI] [PubMed]

10.     

Drouillet P, Forhan A, Lauzon-Guillain BD, Thiébaugeorges O, Goua V, Magnin G, et al. Maternal fatty 
acid intake and fetal growth: evidence for an association in overweight women. The ‘EDEN mother-
child’ cohort (study of pre- and early postnatal determinants of the child’s development and health). 
Br J Nutr. 2009;101:583–91. [DOI] [PubMed] [PMC]

11.     

https://dx.doi.org/10.3390/nu16071093
http://www.ncbi.nlm.nih.gov/pubmed/38613126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11013435
https://dx.doi.org/10.1016/j.phrs.2024.107384
http://www.ncbi.nlm.nih.gov/pubmed/39209083
https://dx.doi.org/10.1016/j.bbalip.2024.159564
http://www.ncbi.nlm.nih.gov/pubmed/39326727
https://dx.doi.org/10.1038/s41467-023-44364-y
http://www.ncbi.nlm.nih.gov/pubmed/38167725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10762034
https://dx.doi.org/10.3390/ijms21030741
http://www.ncbi.nlm.nih.gov/pubmed/31979308
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7037798
https://dx.doi.org/10.1155/2021/8848161
http://www.ncbi.nlm.nih.gov/pubmed/33815845
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7990530
https://dx.doi.org/10.3390/ijms24032116
http://www.ncbi.nlm.nih.gov/pubmed/36768438
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9916522
https://dx.doi.org/10.1016/j.plipres.2016.07.002
http://www.ncbi.nlm.nih.gov/pubmed/27496755
https://dx.doi.org/10.1016/j.clnesp.2024.06.053
http://www.ncbi.nlm.nih.gov/pubmed/38980796
https://dx.doi.org/10.1007/978-1-0716-3662-6_15
http://www.ncbi.nlm.nih.gov/pubmed/38427239
https://dx.doi.org/10.1017/S0007114508025038
http://www.ncbi.nlm.nih.gov/pubmed/18631416
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882959


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 22

12.     

13.     

14.     

15.     

16.     

17.     

18.     

19.     

20.     

21.     

22.     

23.     

24.     

25.     

26.     

27.     

28.     

29.     

30.     

Duttaroy AK, Basak S. Maternal Fatty Acid Metabolism in Pregnancy and Its Consequences in the 
Feto-Placental Development. Front Physiol. 2022;12:787848. [DOI] [PubMed] [PMC]
Lauritzen L, Brambilla P, Mazzocchi A, Harsløf LBS, Ciappolino V, Agostoni C. DHA Effects in Brain 
Development and Function. Nutrients. 2016;8:6. [DOI] [PubMed] [PMC]
Echeverría F, Valenzuela R, Hernandez-Rodas MC, Valenzuela A. Docosahexaenoic acid (DHA), a 
fundamental fatty acid for the brain: New dietary sources. Prostaglandins Leukot Essent Fatty Acids. 
2017;124:1–10. [DOI] [PubMed]
Likhar A, Patil MS. Importance of Maternal Nutrition in the First 1,000 Days of Life and Its Effects on 
Child Development: A Narrative Review. Cureus. 2022;14:e30083. [DOI] [PubMed] [PMC]
Beluska-Turkan K, Korczak R, Hartell B, Moskal K, Maukonen J, Alexander DE, et al. Nutritional Gaps 
and Supplementation in the First 1000 Days. Nutrients. 2019;11:2891. [DOI] [PubMed] [PMC] 
Nevins JEH, Donovan SM, Snetselaar L, Dewey KG, Novotny R, Stang J, et al. Omega-3 Fatty Acid 
Dietary Supplements Consumed During Pregnancy and Lactation and Child Neurodevelopment: A 
Systematic Review. J Nutr. 2021;151:3483–94. [DOI] [PubMed] [PMC]
Carlson SE, Colombo J. DHA and Cognitive Development. J Nutr. 2021;151:3265–6. [DOI] [PubMed] 
[PMC]
Coletta JM, Bell SJ, Roman AS. Omega-3 Fatty acids and pregnancy. Rev Obstet Gynecol. 2010;3: 
163–71. [PubMed] [PMC]
Pottala JV, Garg S, Cohen BE, Whooley MA, Harris WS. Blood eicosapentaenoic and docosahexaenoic 
acids predict all-cause mortality in patients with stable coronary heart jinx: the Heart and Soul 
study. Circ Cardiovasc Qual Outcomes. 2010;3:406–12. [DOI] [PubMed] [PMC]
Wen J, Satyanarayanan SK, Li A, Yan L, Zhao Z, Yuan Q, et al. Unraveling the impact of Omega-3 
polyunsaturated fatty acids on blood-brain barrier (BBB) integrity and glymphatic function. Brain 
Behav Immun. 2024;115:335–55. [DOI] [PubMed]
Schacky Cv. Omega-3 Fatty Acids in Pregnancy-The Case for a Target Omega-3 Index. Nutrients. 
2020;12:898. [DOI] [PubMed] [PMC]
Middleton P, Gomersall JC, Gould JF, Shepherd E, Olsen SF, Makrides M. Omega-3 fatty acid addition 
during pregnancy. Cochrane Database Syst Rev. 2018;11:CD003402. [DOI] [PubMed] [PMC]
Wang T, Zhang X, Zhou N, Shen Y, Li B, Chen BE, et al. Association Between Omega-3 Fatty Acid 
Intake and Dyslipidemia: A Continuous Dose-Response Meta-Analysis of Randomized Controlled 
Trials. J Am Heart Assoc. 2023;12:e029512. [DOI] [PubMed] [PMC]
Lane K, Derbyshire E, Li W, Brennan C. Bioavailability and potential uses of vegetarian sources of 
omega-3 fatty acids: a review of the literature. Crit Rev Food Sci Nutr. 2014;54:572–9. [DOI] 
[PubMed]
Köhler A, Heinrich J, von Schacky C. Bioavailability of Dietary Omega-3 Fatty Acids Added to a 
Variety of Sausages in Healthy Individuals. Nutrients. 2017;9:629. [DOI] [PubMed] [PMC]
Maki KC, Dicklin MR. Strategies to improve bioavailability of omega-3 fatty acids from ethyl ester 
concentrates. Curr Opin Clin Nutr Metab Care. 2019;22:116–23. [DOI] [PubMed]
Stark KD, Van Elswyk ME, Higgins MR, Weatherford CA, Salem N Jr. Global survey of the omega-3 
fatty acids, docosahexaenoic acid and eicosapentaenoic acid in the blood stream of healthy adults. 
Prog Lipid Res. 2016;63:132–52. [DOI] [PubMed]
Harris WS. The omega-3 index: clinical utility for therapeutic intervention. Curr Cardiol Rep. 2010; 
12:503–8. [DOI] [PubMed]
Medoro A, Buonsenso A, Centorbi M, Calcagno G, Scapagnini G, Fiorilli G, et al. Omega-3 Index as a 
Sport Biomarker: Implications for Cardiovascular Health, Injury Prevention, and Athletic 
Performance. J Funct Morphol Kinesiol. 2024;9:91. [DOI] [PubMed] [PMC]
Basak S, Mallick R, Banerjee A, Pathak S, Duttaroy AK. Maternal Supply of Both Arachidonic and 
Docosahexaenoic Acids Is Required for Optimal Neurodevelopment. Nutrients. 2021;13:2061. [DOI] 
[PubMed] [PMC]

31.

https://dx.doi.org/10.3389/fphys.2021.787848
http://www.ncbi.nlm.nih.gov/pubmed/35126178
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8811195
https://dx.doi.org/10.3390/nu8010006
http://www.ncbi.nlm.nih.gov/pubmed/26742060
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4728620
https://dx.doi.org/10.1016/j.plefa.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28870371
https://dx.doi.org/10.7759/cureus.30083
http://www.ncbi.nlm.nih.gov/pubmed/36381799
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9640361
https://dx.doi.org/10.3390/nu11122891
http://www.ncbi.nlm.nih.gov/pubmed/31783636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6949907
https://dx.doi.org/10.1093/jn/nxab238
http://www.ncbi.nlm.nih.gov/pubmed/34383914
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8764572
https://dx.doi.org/10.1093/jn/nxab299
http://www.ncbi.nlm.nih.gov/pubmed/34590117
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8562083
http://www.ncbi.nlm.nih.gov/pubmed/21364848
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3046737
https://dx.doi.org/10.1161/CIRCOUTCOMES.109.896159
http://www.ncbi.nlm.nih.gov/pubmed/20551373
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3058601
https://dx.doi.org/10.1016/j.bbi.2023.10.018
http://www.ncbi.nlm.nih.gov/pubmed/37914102
https://dx.doi.org/10.3390/nu12040898
http://www.ncbi.nlm.nih.gov/pubmed/32224878
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7230742
https://dx.doi.org/10.1002/14651858.CD003402.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30480773
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6516961
https://dx.doi.org/10.1161/JAHA.123.029512
http://www.ncbi.nlm.nih.gov/pubmed/37264945
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10381976
https://dx.doi.org/10.1080/10408398.2011.596292
http://www.ncbi.nlm.nih.gov/pubmed/24261532
https://dx.doi.org/10.3390/nu9060629
http://www.ncbi.nlm.nih.gov/pubmed/28629180
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5490608
https://dx.doi.org/10.1097/MCO.0000000000000537
http://www.ncbi.nlm.nih.gov/pubmed/30550388
https://dx.doi.org/10.1016/j.plipres.2016.05.001
http://www.ncbi.nlm.nih.gov/pubmed/27216485
https://dx.doi.org/10.1007/s11886-010-0141-6
http://www.ncbi.nlm.nih.gov/pubmed/20809235
https://dx.doi.org/10.3390/jfmk9020091
http://www.ncbi.nlm.nih.gov/pubmed/38804457
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11197025
https://dx.doi.org/10.3390/nu13062061
http://www.ncbi.nlm.nih.gov/pubmed/34208549
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8234848


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 23

Duttaroy AK, Basak S. Maternal dietary fatty acids and their roles in human placental development. 
Prostaglandins Leukot Essent Fatty Acids. 2020;155:102080. [DOI] [PubMed]

32.     

Basak S, Mallick R, Duttaroy AK. Maternal Docosahexaenoic Acid Status during Pregnancy and Its 
Impact on Infant Neurodevelopment. Nutrients. 2020;12:3615. [DOI] [PubMed] [PMC]

33.     

Nikolajeva K, Aizbalte O, Rezgale R, Cauce V, Zacs D, Meija L. The Intake of Omega-3 Fatty Acids, the 
Omega-3 Index in Pregnant Women, and Their Correlations with Gestational Length and Newborn 
Birth Weight. Nutrients. 2024;16:2150. [DOI] [PubMed] [PMC]

34.     

Juber BA, Jackson KH, Johnson KB, Harris WS, Baack ML. Breast milk DHA levels may increase after 
informing women: a community-based cohort study from South Dakota USA. Int Breastfeed J. 2017;
12:7. [DOI] [PubMed] [PMC]

35.     

Saunders AV, Davis BC, Garg ML. Omega-3 polyunsaturated fatty acids and vegetarian diets. Med J 
Aust. 2013;199:S22–6. [DOI] [PubMed]

36.     

Łuszczki E, Boakye F, Zielińska M, Dereń K, Bartosiewicz A, Oleksy Ł, et al. Vegan diet: nutritional 
components, implementation, and effects on adults’ health. Front Nutr. 2023;10:1294497. [DOI] 
[PubMed] [PMC]

37.     

von Schacky C. Importance of EPA and DHA Blood Levels in Brain Structure and Function. Nutrients. 
2021;13:1074. [DOI] [PubMed] [PMC]

38.     

Lanier K, Wisseman B, Strom C, Johnston CA, Isler C, DeVente J, et al. Self-Reported Intake and 
Circulating EPA and DHA Concentrations in US Pregnant Women. Nutrients. 2023;15:1753. [DOI] 
[PubMed] [PMC]

39.     

Weiser MJ, Butt CM, Mohajeri MH. Docosahexaenoic Acid and Cognition throughout the Lifespan. 
Nutrients. 2016;8:99. [DOI] [PubMed] [PMC]

40.     

Brenna JT, Carlson SE. Docosahexaenoic acid and human brain development: evidence that a dietary 
supply is needed for optimal development. J Hum Evol. 2014;77:99–106. [DOI] [PubMed]

41.     

Yelland LN, Gajewski BJ, Colombo J, Gibson RA, Makrides M, Carlson SE. Predicting the effect of 
maternal docosahexaenoic acid (DHA) supplementation to reduce early preterm birth in Australia 
and the United States using results of within country randomized controlled trials. Prostaglandins 
Leukot Essent Fatty Acids. 2016;112:44–9. [DOI] [PubMed] [PMC]

42.     

Cetin I, Carlson SE, Burden C, da Fonseca EB, di Renzo GC, Hadjipanayis A, et al. Omega-3 fatty acid 
supply in pregnancy for risk reduction of preterm and early preterm birth. Am J Obstet Gynecol 
MFM. 2024;6:101251. [DOI] [PubMed]

43.     

Best KP, Gibson RA, Makrides M. ISSFAL statement number 7 - Omega-3 fatty acids during pregnancy 
to reduce preterm birth. Prostaglandins Leukot Essent Fatty Acids. 2022;186:102495. [DOI] 
[PubMed]

44.     

Carlson SE. Docosahexaenoic acid supplementation in pregnancy and lactation. Am J Clin Nutr. 2009;
89:678S–84S. [DOI] [PubMed] [PMC]

45.     

Braarud HC, Markhus MW, Skotheim S, Stormark KM, Frøyland L, Graff IE, et al. Maternal DHA Status 
during Pregnancy Has a Positive Impact on Infant Problem Solving: A Norwegian Prospective 
Observation Study. Nutrients. 2018;10:529. [DOI] [PubMed] [PMC]

46.     

Bilgundi K, Viswanatha GL, Purushottam KM, John J, Kamath AP, Kishore A, et al. Docosahexaenoic 
Acid and Pregnancy: A Systematic Review and Meta-Analysis of the Association with Improved 
Maternal and Fetal Health. Nutr Res. 2024;128:82–93. [DOI] [PubMed]

47.     

Makrides M, Gibson RA, McPhee AJ, Yelland L, Quinlivan J, Ryan P, et al. Effect of DHA 
supplementation during pregnancy on maternal depression and neurodevelopment of young 
children: a randomized controlled trial. JAMA. 2010;304:1675–83. [DOI] [PubMed]

48.     

Hadders-Algra M. Prenatal and early postnatal supplementation with long-chain polyunsaturated 
fatty acids: neurodevelopmental considerations. Am J Clin Nutr. 2011;94:1874S–9S. [DOI] [PubMed]

49.     

https://dx.doi.org/10.1016/j.plefa.2020.102080
http://www.ncbi.nlm.nih.gov/pubmed/32120190
https://dx.doi.org/10.3390/nu12123615
http://www.ncbi.nlm.nih.gov/pubmed/33255561
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7759779
https://dx.doi.org/10.3390/nu16132150
http://www.ncbi.nlm.nih.gov/pubmed/38999896
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11242972
https://dx.doi.org/10.1186/s13006-016-0099-0
http://www.ncbi.nlm.nih.gov/pubmed/28149321
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5273852
https://dx.doi.org/10.5694/mja11.11507
http://www.ncbi.nlm.nih.gov/pubmed/25369925
https://dx.doi.org/10.3389/fnut.2023.1294497
http://www.ncbi.nlm.nih.gov/pubmed/38024367
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10665534
https://dx.doi.org/10.3390/nu13041074
http://www.ncbi.nlm.nih.gov/pubmed/33806218
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8066148
https://dx.doi.org/10.3390/nu15071753
http://www.ncbi.nlm.nih.gov/pubmed/37049593
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10097082
https://dx.doi.org/10.3390/nu8020099
http://www.ncbi.nlm.nih.gov/pubmed/26901223
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4772061
https://dx.doi.org/10.1016/j.jhevol.2014.02.017
http://www.ncbi.nlm.nih.gov/pubmed/24780861
https://dx.doi.org/10.1016/j.plefa.2016.08.007
http://www.ncbi.nlm.nih.gov/pubmed/27637340
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5028118
https://dx.doi.org/10.1016/j.ajogmf.2023.101251
http://www.ncbi.nlm.nih.gov/pubmed/38070679
https://dx.doi.org/10.1016/j.plefa.2022.102495
http://www.ncbi.nlm.nih.gov/pubmed/36228573
https://dx.doi.org/10.3945/ajcn.2008.26811E
http://www.ncbi.nlm.nih.gov/pubmed/19116324
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2647754
https://dx.doi.org/10.3390/nu10050529
http://www.ncbi.nlm.nih.gov/pubmed/29695097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5986409
https://dx.doi.org/10.1016/j.nutres.2024.06.008
http://www.ncbi.nlm.nih.gov/pubmed/39067112
https://dx.doi.org/10.1001/jama.2010.1507
http://www.ncbi.nlm.nih.gov/pubmed/20959577
https://dx.doi.org/10.3945/ajcn.110.001065
http://www.ncbi.nlm.nih.gov/pubmed/21525202


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 24

Shahabi B, Hernández-Martínez C, Voltas N, Canals J, Arija V. The Maternal Omega-3 Long-Chain 
Polyunsaturated Fatty Acid Concentration in Early Pregnancy and Infant Neurodevelopment: The 
ECLIPSES Study. Nutrients. 2024;16:687. [DOI] [PubMed] [PMC]

50.     

Carlson SE, Gajewski BJ, Valentine CJ, Kerling EH, Weiner CP, Cackovic M, et al. Higher dose 
docosahexaenoic acid supplementation during pregnancy and early preterm birth: A randomised, 
double-blind, adaptive-design superiority trial. EClinicalMedicine. 2021;36:100905. [DOI] [PubMed] 
[PMC]

51.     

Carlson SE, Gajewski BJ, Valentine CJ, Rogers LK, Weiner CP, DeFranco EA, et al. Assessment of DHA 
on reducing early preterm birth: the ADORE randomized controlled trial protocol. BMC Pregnancy 
Childbirth. 2017;17:62. [DOI] [PubMed] [PMC]

52.     

Khandelwal S, Kondal D, Chaudhry M, Patil K, Swamy MK, Pujeri G, et al. Prenatal Maternal 
Docosahexaenoic Acid (DHA) Supplementation and Newborn Anthropometry in India: Findings from 
DHANI. Nutrients. 2021;13:730. [DOI] [PubMed] [PMC]

53.     

Jiang Y, Chen Y, Wei L, Zhang H, Zhang J, Zhou X, et al. DHA supplementation and pregnancy 
complications. J Transl Med. 2023;21:394. [DOI] [PubMed] [PMC]

54.     

Bozzatello P, Brignolo E, Grandi ED, Bellino S. Supplementation with Omega-3 Fatty Acids in 
Psychiatric Disorders: A Review of Literature Data. J Clin Med. 2016;5:67. [DOI] [PubMed] [PMC]

55.     

Skulas-Ray AC, Wilson PWF, Harris WS, Brinton EA, Kris-Etherton PM, Richter CK, et al.; American 
Heart Association Council on Arteriosclerosis, Thrombosis and Vascular Biology; Council on Lifestyle 
and Cardiometabolic Health; Council on Cardiovascular Disease in the Young; Council on 
Cardiovascular and Stroke Nursing; Council on Clinical Cardiology. Omega-3 Fatty Acids for the 
Management of Hypertriglyceridemia: A Science Advisory From the American Heart Association. 
Circulation. 2019;140:e673–91. [DOI] [PubMed]

56.     

Carretero-Krug A, Montero-Bravo A, Morais-Moreno C, Puga AM, Samaniego-Vaesken ML, 
Partearroyo T, et al. Nutritional Status of Breastfeeding Mothers and Impact of Diet and Dietary 
Supplementation: A Narrative Review. Nutrients. 2024;16:301. [DOI] [PubMed] [PMC]

57.     

Agostoni C, Guz-Mark A, Marderfeld L, Milani GP, Silano M, Shamir R. The Long-Term Effects of 
Dietary Nutrient Intakes during the First 2 Years of Life in Healthy Infants from Developed 
Countries: An Umbrella Review. Adv Nutr. 2019;10:489–501. [DOI] [PubMed] [PMC]

58.     

Dempsey M, Rockwell MS, Wentz LM. The influence of dietary and supplemental omega-3 fatty acids 
on the omega-3 index: A scoping review. Front Nutr. 2023;10:1072653. [DOI] [PubMed] [PMC]

59.     

Amza M, Hamoud BH, Sima R, Dinu M, Gorecki G, Popescu M, et al. Docosahexaenoic Acid (DHA) and 
Eicosapentaenoic Acid (EPA)-Should They Be Mandatory Supplements in Pregnancy? Biomedicines. 
2024;12:1471. [DOI] [PubMed] [PMC]

60.     

Stonehouse W, Conlon CA, Podd J, Hill SR, Minihane AM, Haskell C, et al. DHA supplementation 
improved both memory and reaction time in healthy young adults: a randomized controlled trial. Am 
J Clin Nutr. 2013;97:1134–43. [DOI] [PubMed]

61.     

Colombo J, Gustafson KM, Gajewski BJ, Shaddy DJ, Kerling EH, Thodosoff JM, et al. Prenatal DHA 
supplementation and infant attention. Pediatr Res. 2016;80:656–62. [DOI] [PubMed] [PMC]

62.     

Gould JF, Anderson PJ, Yelland LN, Gibson RA, Makrides M. The Influence of Prenatal DHA 
Supplementation on Individual Domains of Behavioral Functioning in School-Aged Children: Follow-
Up of a Randomized Controlled Trial. Nutrients. 2021;13:2996. [DOI] [PubMed] [PMC]

63.     

Wu A, Ying Z, Gomez-Pinilla F. Docosahexaenoic acid dietary supplementation enhances the effects 
of exercise on synaptic plasticity and cognition. Neuroscience. 2008;155:751–9. [DOI] [PubMed] 
[PMC]

64.     

Sharma S, Zhuang Y, Gomez-Pinilla F. High-fat diet transition reduces brain DHA levels associated 
with altered brain plasticity and behaviour. Sci Rep. 2012;2:431. [DOI] [PubMed] [PMC]

65.     

Mallick R, Basak S, Duttaroy AK. Docosahexaenoic acid,22:6n-3: Its roles in the structure and 
function of the brain. Int J Dev Neurosci. 2019;79:21–31. [DOI] [PubMed]

66.     

https://dx.doi.org/10.3390/nu16050687
http://www.ncbi.nlm.nih.gov/pubmed/38474815
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10934866
https://dx.doi.org/10.1016/j.eclinm.2021.100905
http://www.ncbi.nlm.nih.gov/pubmed/34308309
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8257993
https://dx.doi.org/10.1186/s12884-017-1244-5
http://www.ncbi.nlm.nih.gov/pubmed/28193189
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5307851
https://dx.doi.org/10.3390/nu13030730
http://www.ncbi.nlm.nih.gov/pubmed/33668849
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7996222
https://dx.doi.org/10.1186/s12967-023-04239-8
http://www.ncbi.nlm.nih.gov/pubmed/37330569
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10276458
https://dx.doi.org/10.3390/jcm5080067
http://www.ncbi.nlm.nih.gov/pubmed/27472373
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4999787
https://dx.doi.org/10.1161/CIR.0000000000000709
http://www.ncbi.nlm.nih.gov/pubmed/31422671
https://dx.doi.org/10.3390/nu16020301
http://www.ncbi.nlm.nih.gov/pubmed/38276540
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10818638
https://dx.doi.org/10.1093/advances/nmy106
http://www.ncbi.nlm.nih.gov/pubmed/30843039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6520039
https://dx.doi.org/10.3389/fnut.2023.1072653
http://www.ncbi.nlm.nih.gov/pubmed/36742439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9892774
https://dx.doi.org/10.3390/biomedicines12071471
http://www.ncbi.nlm.nih.gov/pubmed/39062044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11274850
https://dx.doi.org/10.3945/ajcn.112.053371
http://www.ncbi.nlm.nih.gov/pubmed/23515006
https://dx.doi.org/10.1038/pr.2016.134
http://www.ncbi.nlm.nih.gov/pubmed/27362506
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5164926
https://dx.doi.org/10.3390/nu13092996
http://www.ncbi.nlm.nih.gov/pubmed/34578873
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8472059
https://dx.doi.org/10.1016/j.neuroscience.2008.05.061
http://www.ncbi.nlm.nih.gov/pubmed/18620024
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3208643
https://dx.doi.org/10.1038/srep00431
http://www.ncbi.nlm.nih.gov/pubmed/22666534
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362800
https://dx.doi.org/10.1016/j.ijdevneu.2019.10.004
http://www.ncbi.nlm.nih.gov/pubmed/31629800


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 25

Sherzai D, Moness R, Sherzai S, Sherzai A. A Systematic Review of Omega-3 Fatty Acid Consumption 
and Cognitive Outcomes in Neurodevelopment. Am J Lifestyle Med. 2022;17:649–85. [DOI] 
[PubMed] [PMC]

67.     

Chang JP. Personalised medicine in child and Adolescent Psychiatry: Focus on omega-3 
polyunsaturated fatty acids and ADHD. Brain Behav Immun Health. 2021;16:100310. [DOI] 
[PubMed] [PMC]

68.     

Gow RV, Hibbeln JR. Omega-3 fatty acid and nutrient deficits in adverse neurodevelopment and 
childhood behaviors. Child Adolesc Psychiatr Clin N Am. 2014;23:555–90. [DOI] [PubMed] [PMC]

69.     

Peet M, Stokes C. Omega-3 fatty acids in the treatment of psychiatric disorders. Drugs. 2005;65:
1051–9. [DOI] [PubMed]

70.     

Kim H, Huang BX, Spector AA. Molecular and Signaling Mechanisms for Docosahexaenoic Acid-
Derived Neurodevelopment and Neuroprotection. Int J Mol Sci. 2022;23:4635. [DOI] [PubMed] 
[PMC]

71.     

Prado EL, Dewey KG. Nutrition and brain development in early life. Nutr Rev. 2014;72:267–84. [DOI] 
[PubMed]

72.     

Martinat M, Rossitto M, Miceli MD, Layé S. Perinatal Dietary Polyunsaturated Fatty Acids in Brain 
Development, Role in Neurodevelopmental Disorders. Nutrients. 2021;13:1185. [DOI] [PubMed] 
[PMC]

73.     

Hu R, Xu J, Hua Y, Li Y, Li J. Could early life DHA supplementation benefit neurodevelopment? A 
systematic review and meta-analysis. Front Neurol. 2024;15:1295788. [DOI] [PubMed] [PMC]

74.     

Crawford MA, Hassam AG, Williams G. Essential fatty acids and fetal brain growth. Lancet. 1976;1:
452–3. [DOI] [PubMed]

75.     

Luxwolda MF, Kuipers RS, Sango WS, Kwesigabo G, Dijck-Brouwer DAJ, Muskiet FAJ. A maternal 
erythrocyte DHA content of approximately 6 g% is the DHA status at which intrauterine DHA 
biomagnifications turns into bioattenuation and postnatal infant DHA equilibrium is reached. Eur J 
Nutr. 2012;51:665–75. [DOI] [PubMed] [PMC]

76.     

Kuipers RS, Luxwolda MF, Sango WS, Kwesigabo G, Dijck-Brouwer DAJ, Muskiet FAJ. Maternal DHA 
equilibrium during pregnancy and lactation is reached at an erythrocyte DHA content of 8 g/100 g 
fatty acids. J Nutr. 2011;141:418–27. [DOI] [PubMed]

77.     

Greenberg JA, Bell SJ, Ausdal WV. Omega-3 Fatty Acid supplementation during pregnancy. Rev Obstet 
Gynecol. 2008;1:162–9. [PubMed] [PMC]

78.     

Gustafson KM, Christifano DN, Hoyer D, Schmidt A, Carlson SE, Colombo J, et al. Prenatal 
docosahexaenoic acid effect on maternal-infant DHA-equilibrium and fetal neurodevelopment: a 
randomized clinical trial. Pediatr Res. 2022;92:255–64. [DOI] [PubMed] [PMC]

79.     

Vollet K, Ghassabian A, Sundaram R, Chahal N, Yeung EH. Prenatal fish oil supplementation and early 
childhood development in the Upstate KIDS Study. J Dev Orig Health Dis. 2017;8:465–73. [DOI] 
[PubMed] [PMC]

80.     

Carlson SE, Colombo J, Gajewski BJ, Gustafson KM, Mundy D, Yeast J, et al. DHA supplementation and 
pregnancy outcomes. Am J Clin Nutr. 2013;97:808–15. [DOI] [PubMed] [PMC]

81.     

Rogers LK, Valentine CJ, Keim SA. DHA supplementation: current implications in pregnancy and 
childhood. Pharmacol Res. 2013;70:13–9. [DOI] [PubMed] [PMC]

82.     

Meldrum SJ, D’Vaz N, Simmer K, Dunstan JA, Hird K, Prescott SL. Effects of high-dose fish oil 
supplementation during early infancy on neurodevelopment and language: a randomised controlled 
trial. Br J Nutr. 2012;108:1443–54. [DOI] [PubMed]

83.     

Zhang Z, Fulgoni VL, Kris-Etherton PM, Mitmesser SH. Dietary Intakes of EPA and DHA Omega-3 
Fatty Acids among US Childbearing-Age and Pregnant Women: An Analysis of NHANES 2001-2014. 
Nutrients. 2018;10:416. [DOI] [PubMed] [PMC]

84.     

https://dx.doi.org/10.1177/15598276221116052
http://www.ncbi.nlm.nih.gov/pubmed/37711355
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10498982
https://dx.doi.org/10.1016/j.bbih.2021.100310
http://www.ncbi.nlm.nih.gov/pubmed/34589802
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8474554
https://dx.doi.org/10.1016/j.chc.2014.02.002
http://www.ncbi.nlm.nih.gov/pubmed/24975625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4175558
https://dx.doi.org/10.2165/00003495-200565080-00002
http://www.ncbi.nlm.nih.gov/pubmed/15907142
https://dx.doi.org/10.3390/ijms23094635
http://www.ncbi.nlm.nih.gov/pubmed/35563025
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9100376
https://dx.doi.org/10.1111/nure.12102
http://www.ncbi.nlm.nih.gov/pubmed/24684384
https://dx.doi.org/10.3390/nu13041185
http://www.ncbi.nlm.nih.gov/pubmed/33918517
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065891
https://dx.doi.org/10.3389/fneur.2024.1295788
http://www.ncbi.nlm.nih.gov/pubmed/38645744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11032049
https://dx.doi.org/10.1016/s0140-6736(76)91476-8
http://www.ncbi.nlm.nih.gov/pubmed/55720
https://dx.doi.org/10.1007/s00394-011-0245-9
http://www.ncbi.nlm.nih.gov/pubmed/21952690
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3419349
https://dx.doi.org/10.3945/jn.110.128488
http://www.ncbi.nlm.nih.gov/pubmed/21270355
http://www.ncbi.nlm.nih.gov/pubmed/19173020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2621042
https://dx.doi.org/10.1038/s41390-021-01742-w
http://www.ncbi.nlm.nih.gov/pubmed/34552200
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8456398
https://dx.doi.org/10.1017/S2040174417000253
http://www.ncbi.nlm.nih.gov/pubmed/28434427
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5588657
https://dx.doi.org/10.3945/ajcn.112.050021
http://www.ncbi.nlm.nih.gov/pubmed/23426033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3607655
https://dx.doi.org/10.1016/j.phrs.2012.12.003
http://www.ncbi.nlm.nih.gov/pubmed/23266567
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3602397
https://dx.doi.org/10.1017/S0007114511006878
http://www.ncbi.nlm.nih.gov/pubmed/22348468
https://dx.doi.org/10.3390/nu10040416
http://www.ncbi.nlm.nih.gov/pubmed/29597261
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5946201


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 26

Healy-Stoffel M, Levant B. N-3 (Omega-3) Fatty Acids: Effects on Brain Dopamine Systems and 
Potential Role in the Etiology and Treatment of Neuropsychiatric Disorders. CNS Neurol Disord Drug 
Targets. 2018;17:216–32. [DOI] [PubMed] [PMC]

85.     

Cao D, Kevala K, Kim J, Moon H, Jun SB, Lovinger D, et al. Docosahexaenoic acid promotes 
hippocampal neuronal development and synaptic function. J Neurochem. 2009;111:510–21. [DOI] 
[PubMed] [PMC]

86.     

Dyall SC. Long-chain omega-3 fatty acids and the brain: a review of the independent and shared 
effects of EPA, DPA and DHA. Front Aging Neurosci. 2015;7:52. [DOI] [PubMed] [PMC]

87.     

DiNicolantonio JJ, O’Keefe JH. The Importance of Marine Omega-3s for Brain Development and the 
Prevention and Treatment of Behavior, Mood, and Other Brain Disorders. Nutrients. 2020;12:2333. 
[DOI] [PubMed] [PMC]

88.     

Cutuli D. Functional and Structural Benefits Induced by Omega-3 Polyunsaturated Fatty Acids During 
Aging. Curr Neuropharmacol. 2017;15:534–42. [DOI] [PubMed] [PMC]

89.     

Vinding RK, Sevelsted A, Horner D, Vahman N, Lauritzen L, Hagen CP, et al. Fish oil supplementation 
during pregnancy, anthropometrics, and metabolic health at age ten: A randomized clinical trial. Am 
J Clin Nutr. 2024;119:960–8. [DOI] [PubMed]

90.     

Campoy C, Escolano-Margarit MV, Anjos T, Szajewska H, Uauy R. Omega 3 fatty acids on child growth, 
visual acuity and neurodevelopment. Br J Nutr. 2012;107:S85–106. [DOI] [PubMed]

91.     

Checa-Ros A, D’Marco L. Role of Omega-3 Fatty Acids as Non-Photic Zeitgebers and Circadian Clock 
Synchronizers. Int J Mol Sci. 2022;23:12162. [DOI] [PubMed] [PMC]

92.     

Sinclair AJ. Docosahexaenoic acid and the brain- what is its role? Asia Pac J Clin Nutr. 2019;28:
675–88. [DOI] [PubMed]

93.     

Dai Y, Liu J. Omega-3 long-chain polyunsaturated fatty acid and sleep: a systematic review and meta-
analysis of randomized controlled trials and longitudinal studies. Nutr Rev. 2021;79:847–68. [DOI] 
[PubMed] [PMC]

94.     

Li L, Wu J, Chen Z, Weir NL, Tsai MY, Albert P, et al. Plasma phospholipid polyunsaturated fatty acids 
composition in early pregnancy and fetal growth trajectories throughout pregnancy: Findings from 
the US fetal growth studies-singletons cohort. EBioMedicine. 2022;82:104180. [DOI] [PubMed] 
[PMC]

95.     

Zou R, Marroun HE, Voortman T, Hillegers M, White T, Tiemeier H. Maternal polyunsaturated fatty 
acids during pregnancy and offspring brain development in childhood. Am J Clin Nutr. 2021;114:
124–33. [DOI] [PubMed]

96.     

Brett KE, Ferraro ZM, Yockell-Lelievre J, Gruslin A, Adamo KB. Maternal-fetal nutrient transport in 
pregnancy pathologies: the role of the placenta. Int J Mol Sci. 2014;15:16153–85. [DOI] [PubMed] 
[PMC]

97.     

Heath RJ, Klevebro S, Wood TR. Maternal and Neonatal Polyunsaturated Fatty Acid Intake and Risk 
of Neurodevelopmental Impairment in Premature Infants. Int J Mol Sci. 2022;23:700. [DOI] 
[PubMed] [PMC]

98.     

Lewin GA, Schachter HM, Yuen D, Merchant P, Mamaladze V, Tsertsvadze A. Effects of omega-3 fatty 
acids on child and maternal health. Evid Rep Technol Assess (Summ). 2005:1–11. [PubMed] [PMC]

99.     

Jones KL, Will MJ, Hecht PM, Parker CL, Beversdorf DQ. Maternal diet rich in omega-6 
polyunsaturated fatty acids during gestation and lactation produces autistic-like sociability deficits 
in adult offspring. Behav Brain Res. 2013;238:193–9. [DOI] [PubMed]

100.     

Jiang Y, Dang W, Nie H, Kong X, Jiang Z, Guo J. Omega-3 polyunsaturated fatty acids and/or vitamin D 
in autism spectrum disorders: a systematic review. Front Psychiatry. 2023;14:1238973. [DOI] 
[PubMed] [PMC]

101.     

Borasio F, Cosmi VD, D’Oria V, Scaglioni S, Syren ME, Turolo S, et al. Associations between Dietary 
Intake, Blood Levels of Omega-3 and Omega-6 Fatty Acids and Reading Abilities in Children. 
Biomolecules. 2023;13:368. [DOI] [PubMed] [PMC]

102.     

https://dx.doi.org/10.2174/1871527317666180412153612
http://www.ncbi.nlm.nih.gov/pubmed/29651972
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6563911
https://dx.doi.org/10.1111/j.1471-4159.2009.06335.x
http://www.ncbi.nlm.nih.gov/pubmed/19682204
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2773444
https://dx.doi.org/10.3389/fnagi.2015.00052
http://www.ncbi.nlm.nih.gov/pubmed/25954194
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4404917
https://dx.doi.org/10.3390/nu12082333
http://www.ncbi.nlm.nih.gov/pubmed/32759851
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7468918
https://dx.doi.org/10.2174/1570159X14666160614091311
http://www.ncbi.nlm.nih.gov/pubmed/27306037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5543674
https://dx.doi.org/10.1016/j.ajcnut.2023.12.015
http://www.ncbi.nlm.nih.gov/pubmed/38569788
https://dx.doi.org/10.1017/S0007114512001493
http://www.ncbi.nlm.nih.gov/pubmed/22591907
https://dx.doi.org/10.3390/ijms232012162
http://www.ncbi.nlm.nih.gov/pubmed/36293015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9603208
https://dx.doi.org/10.6133/apjcn.201912_28(4).0002
http://www.ncbi.nlm.nih.gov/pubmed/31826363
https://dx.doi.org/10.1093/nutrit/nuaa103
http://www.ncbi.nlm.nih.gov/pubmed/33382879
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262633
https://dx.doi.org/10.1016/j.ebiom.2022.104180
http://www.ncbi.nlm.nih.gov/pubmed/35853297
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9294651
https://dx.doi.org/10.1093/ajcn/nqab049
http://www.ncbi.nlm.nih.gov/pubmed/33742211
https://dx.doi.org/10.3390/ijms150916153
http://www.ncbi.nlm.nih.gov/pubmed/25222554
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4200776
https://dx.doi.org/10.3390/ijms23020700
http://www.ncbi.nlm.nih.gov/pubmed/35054885
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8775484
http://www.ncbi.nlm.nih.gov/pubmed/16194124
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4781637
https://dx.doi.org/10.1016/j.bbr.2012.10.028
http://www.ncbi.nlm.nih.gov/pubmed/23098794
https://dx.doi.org/10.3389/fpsyt.2023.1238973
http://www.ncbi.nlm.nih.gov/pubmed/37654990
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10466790
https://dx.doi.org/10.3390/biom13020368
http://www.ncbi.nlm.nih.gov/pubmed/36830737
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9952928


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 27

Pancheva RZ, Nikolova S, Serbezova A, Zaykova K, Zhelyazkova D, Dimitrov L. Evidence or no 
evidence for essential fatty acids in the treatment of autism spectrum disorders? Front Nutr. 2023;
10:1251083. [DOI] [PubMed] [PMC]

103.     

Sambra V, Echeverria F, Valenzuela A, Chouinard-Watkins R, Valenzuela R. Docosahexaenoic and 
Arachidonic Acids as Neuroprotective Nutrients throughout the Life Cycle. Nutrients. 2021;13:986. 
[DOI] [PubMed] [PMC]

104.     

McNamara RK, Vannest JJ, Valentine CJ. Role of perinatal long-chain omega-3 fatty acids in cortical 
circuit maturation: Mechanisms and implications for psychopathology. World J Psychiatry. 2015;5:
15–34. [DOI] [PubMed] [PMC]

105.     

Cortés-Albornoz MC, García-Guáqueta DP, Velez-van-Meerbeke A, Talero-Gutiérrez C. Maternal 
Nutrition and Neurodevelopment: A Scoping Review. Nutrients. 2021;13:3530. [DOI] [PubMed] 
[PMC]

106.     

Cinquina V, Keimpema E, Pollak DD, Harkany T. Adverse effects of gestational ω-3 and ω-6 
polyunsaturated fatty acid imbalance on the programming of fetal brain development. J 
Neuroendocrinol. 2023;35:e13320. [DOI] [PubMed] [PMC]

107.     

Bazan NG, Molina MF, Gordon WC. Docosahexaenoic acid signalolipidomics in nutrition: significance 
in aging, neuroinflammation, macular degeneration, Alzheimer’s, and other neurodegenerative 
diseases. Annu Rev Nutr. 2011;31:321–51. [DOI] [PubMed] [PMC]

108.     

Wu A, Ying Z, Gomez-Pinilla F. Dietary omega-3 fatty acids normalize BDNF levels, reduce oxidative 
damage, and counteract learning disability after traumatic brain injury in rats. J Neurotrauma. 2004;
21:1457–67. [DOI] [PubMed]

109.     

Sun GY, Simonyi A, Fritsche KL, Chuang DY, Hannink M, Gu Z, et al. Docosahexaenoic acid (DHA): An 
essential nutrient and a nutraceutical for brain health and diseases. Prostaglandins Leukot Essent 
Fatty Acids. 2018;136:3–13. [DOI] [PubMed] [PMC]

110.     

Fan C, Fu H, Dong H, Lu Y, Lu Y, Qi K. Maternal n-3 polyunsaturated fatty acid deprivation during 
pregnancy and lactation affects neurogenesis and apoptosis in adult offspring: associated with DNA 
methylation of brain-derived neurotrophic factor transcripts. Nutr Res. 2016;36:1013–21. [DOI] 
[PubMed]

111.     

Srinivas V, Varma S, Kona SR, Ibrahim A, Duttaroy AK, Basak S. Dietary omega-3 fatty acid deficiency 
from pre-pregnancy to lactation affects expression of genes involved in hippocampal neurogenesis of 
the offspring. Prostaglandins Leukot Essent Fatty Acids. 2023;191:102566. [DOI] [PubMed]

112.     

Bradbury J. Docosahexaenoic acid (DHA): an ancient nutrient for the modern human brain. 
Nutrients. 2011;3:529–54. [DOI] [PubMed] [PMC]

113.     

Petermann AB, Reyna-Jeldes M, Ortega L, Coddou C, Yévenes GE. Roles of the Unsaturated Fatty Acid 
Docosahexaenoic Acid in the Central Nervous System: Molecular and Cellular Insights. Int J Mol Sci. 
2022;23:5390. [DOI] [PubMed] [PMC]

114.     

Chianese R, Coccurello R, Viggiano A, Scafuro M, Fiore M, Coppola G, et al. Impact of Dietary Fats on 
Brain Functions. Curr Neuropharmacol. 2018;16:1059–85. [DOI] [PubMed] [PMC]

115.     

Lee JM, Lee H, Kang S, Park WJ. Fatty Acid Desaturases, Polyunsaturated Fatty Acid Regulation, and 
Biotechnological Advances. Nutrients. 2016;8:23. [DOI] [PubMed] [PMC]

116.     

Tosi F, Sartori F, Guarini P, Olivieri O, Martinelli N. Delta-5 and delta-6 desaturases: crucial enzymes 
in polyunsaturated fatty acid-related pathways with pleiotropic influences in health and disease. Adv 
Exp Med Biol. 2014;824:61–81. [DOI] [PubMed]

117.     

Sarparast M, Dattmore D, Alan J, Lee KSS. Cytochrome P450 Metabolism of Polyunsaturated Fatty 
Acids and Neurodegeneration. Nutrients. 2020;12:3523. [DOI] [PubMed] [PMC]

118.     

Hajeyah AA, Griffiths WJ, Wang Y, Finch AJ, O’Donnell VB. The Biosynthesis of Enzymatically Oxidized 
Lipids. Front Endocrinol (Lausanne). 2020;11:591819. [DOI] [PubMed] [PMC]

119.     

Harwood JL. Polyunsaturated Fatty Acids: Conversion to Lipid Mediators, Roles in Inflammatory 
Diseases and Dietary Sources. Int J Mol Sci. 2023;24:8838. [DOI] [PubMed] [PMC]

120.     

https://dx.doi.org/10.3389/fnut.2023.1251083
http://www.ncbi.nlm.nih.gov/pubmed/37727635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10505929
https://dx.doi.org/10.3390/nu13030986
http://www.ncbi.nlm.nih.gov/pubmed/33803760
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8003191
https://dx.doi.org/10.5498/wjp.v5.i1.15
http://www.ncbi.nlm.nih.gov/pubmed/25815252
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4369545
https://dx.doi.org/10.3390/nu13103530
http://www.ncbi.nlm.nih.gov/pubmed/34684531
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8538181
https://dx.doi.org/10.1111/jne.13320
http://www.ncbi.nlm.nih.gov/pubmed/37497857
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10909496
https://dx.doi.org/10.1146/annurev.nutr.012809.104635
http://www.ncbi.nlm.nih.gov/pubmed/21756134
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3406932
https://dx.doi.org/10.1089/neu.2004.21.1457
http://www.ncbi.nlm.nih.gov/pubmed/15672635
https://dx.doi.org/10.1016/j.plefa.2017.03.006
http://www.ncbi.nlm.nih.gov/pubmed/28314621
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9087135
https://dx.doi.org/10.1016/j.nutres.2016.06.005
http://www.ncbi.nlm.nih.gov/pubmed/27632922
https://dx.doi.org/10.1016/j.plefa.2023.102566
http://www.ncbi.nlm.nih.gov/pubmed/36924605
https://dx.doi.org/10.3390/nu3050529
http://www.ncbi.nlm.nih.gov/pubmed/22254110
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257695
https://dx.doi.org/10.3390/ijms23105390
http://www.ncbi.nlm.nih.gov/pubmed/35628201
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9141004
https://dx.doi.org/10.2174/1570159X15666171017102547
http://www.ncbi.nlm.nih.gov/pubmed/29046155
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6120115
https://dx.doi.org/10.3390/nu8010023
http://www.ncbi.nlm.nih.gov/pubmed/26742061
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4728637
https://dx.doi.org/10.1007/978-3-319-07320-0_7
http://www.ncbi.nlm.nih.gov/pubmed/25038994
https://dx.doi.org/10.3390/nu12113523
http://www.ncbi.nlm.nih.gov/pubmed/33207662
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7696575
https://dx.doi.org/10.3389/fendo.2020.591819
http://www.ncbi.nlm.nih.gov/pubmed/33329396
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7711093
https://dx.doi.org/10.3390/ijms24108838
http://www.ncbi.nlm.nih.gov/pubmed/37240183
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10218335


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 28

National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Food and 
Nutrition Board. Nutrition During Pregnancy and Lactation: Exploring New Evidence: Proceedings of 
a Workshop. Washington: National Academies Press; 2020. [DOI] [PubMed]

121.     

Miketinas D, Luo H, Firth JA, Bailey A, Bender T, Gross G, et al. Macronutrient and Micronutrient 
Intake Among US Women Aged 20 to 44 Years. JAMA Netw Open. 2024;7:e2438460. [DOI] [PubMed] 
[PMC]

122.     

Bäck M, Xhaard C, Rouget R, Thuillier Q, Plunde O, Larsson SC, et al. Fatty acid desaturase genetic 
variations and dietary omega-3 fatty acid intake associate with arterial stiffness. Eur Heart J Open. 
2022;2:oeac016. [DOI] [PubMed] [PMC]

123.     

Chilton FH, Manichaikul A, Yang C, O’Connor TD, Johnstone LM, Blomquist S, et al. Interpreting 
Clinical Trials With Omega-3 Supplements in the Context of Ancestry and FADS Genetic Variation. 
Front Nutr. 2022;8:808054. [DOI] [PubMed] [PMC]

124.     

Barabási DL, Schuhknecht GFP, Engert F. Functional neuronal circuits emerge in the absence of 
developmental activity. Nat Commun. 2024;15:364. [DOI] [PubMed] [PMC]

125.     

Jiang X, Nardelli J. Cellular and molecular introduction to brain development. Neurobiol Dis. 2016;
92:3–17. [DOI] [PubMed] [PMC]

126.     

Colonna M, Butovsky O. Microglia Function in the Central Nervous System During Health and 
Neurodegeneration. Annu Rev Immunol. 2017;35:441–68. [DOI] [PubMed] [PMC]

127.     

Gao C, Jiang J, Tan Y, Chen S. Microglia in neurodegenerative diseases: mechanism and potential 
therapeutic targets. Signal Transduct Target Ther. 2023;8:359. [DOI] [PubMed] [PMC]

128.     

Eltokhi A, Janmaat IE, Genedi M, Haarman BCM, Sommer IEC. Dysregulation of synaptic pruning as a 
possible link between intestinal microbiota dysbiosis and neuropsychiatric disorders. J Neurosci Res. 
2020;98:1335–69. [DOI] [PubMed]

129.     

Leyrolle Q, Decoeur F, Briere G, Amadieu C, Quadros ARAA, Voytyuk I, et al. Maternal dietary omega-
3 deficiency worsens the deleterious effects of prenatal inflammation on the gut-brain axis in the 
offspring across lifetime. Neuropsychopharmacology. 2021;46:579–602. [DOI] [PubMed] [PMC]

130.     

Madore C, Leyrolle Q, Morel L, Rossitto M, Greenhalgh AD, Delpech JC, et al. Essential omega-3 fatty 
acids tune microglial phagocytosis of synaptic elements in the mouse developing brain. Nat 
Commun. 2020;11:6133. [DOI] [PubMed] [PMC]

131.     

Konishi H, Kiyama H, Ueno M. Dual functions of microglia in the formation and refinement of neural 
circuits during development. Int J Dev Neurosci. 2019;77:18–25. [DOI] [PubMed]

132.     

Nayak D, Roth TL, McGavern DB. Microglia development and function. Annu Rev Immunol. 2014;32:
367–402. [DOI] [PubMed] [PMC]

133.     

Wright B, King S, Suphioglu C. The Importance of Phosphoinositide 3-Kinase in Neuroinflammation. 
Int J Mol Sci. 2024;25:11638. [DOI] [PubMed] [PMC]

134.     

Chu E, Mychasiuk R, Hibbs ML, Semple BD. Dysregulated phosphoinositide 3-kinase signaling in 
microglia: shaping chronic neuroinflammation. J Neuroinflammation. 2021;18:276. [DOI] [PubMed] 
[PMC]

135.     

Soteros BM, Sia GM. Complement and microglia dependent synapse elimination in brain 
development. WIREs Mech Dis. 2022;14:e1545. [DOI] [PubMed] [PMC]

136.     

Cornell J, Salinas S, Huang H, Zhou M. Microglia regulation of synaptic plasticity and learning and 
memory. Neural Regen Res. 2022;17:705–16. [DOI] [PubMed] [PMC]

137.     

Gomez-Arboledas A, Acharya MM, Tenner AJ. The Role of Complement in Synaptic Pruning and 
Neurodegeneration. Immunotargets Ther. 2021;10:373–86. [DOI] [PubMed] [PMC]

138.     

Wang B, Wu L, Chen J, Dong L, Chen C, Wen Z, et al. Metabolism pathways of arachidonic acids: 
mechanisms and potential therapeutic targets. Signal Transduct Target Ther. 2021;6:94. [DOI] 
[PubMed] [PMC]

139.     

Benatzy Y, Palmer MA, Brüne B. Arachidonate 15-lipoxygenase type B: Regulation, function, and its 
role in pathophysiology. Front Pharmacol. 2022;13:1042420. [DOI] [PubMed] [PMC]

140.     

https://dx.doi.org/10.17226/25841
http://www.ncbi.nlm.nih.gov/pubmed/32744815
https://dx.doi.org/10.1001/jamanetworkopen.2024.38460
http://www.ncbi.nlm.nih.gov/pubmed/39388182
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11581572
https://dx.doi.org/10.1093/ehjopen/oeac016
http://www.ncbi.nlm.nih.gov/pubmed/35919123
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9242081
https://dx.doi.org/10.3389/fnut.2021.808054
http://www.ncbi.nlm.nih.gov/pubmed/35211495
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8861490
https://dx.doi.org/10.1038/s41467-023-44681-2
http://www.ncbi.nlm.nih.gov/pubmed/38191595
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10774424
https://dx.doi.org/10.1016/j.nbd.2015.07.007
http://www.ncbi.nlm.nih.gov/pubmed/26184894
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4720585
https://dx.doi.org/10.1146/annurev-immunol-051116-052358
http://www.ncbi.nlm.nih.gov/pubmed/28226226
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8167938
https://dx.doi.org/10.1038/s41392-023-01588-0
http://www.ncbi.nlm.nih.gov/pubmed/37735487
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10514343
https://dx.doi.org/10.1002/jnr.24616
http://www.ncbi.nlm.nih.gov/pubmed/32239720
https://dx.doi.org/10.1038/s41386-020-00793-7
http://www.ncbi.nlm.nih.gov/pubmed/32781459
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8026603
https://dx.doi.org/10.1038/s41467-020-19861-z
http://www.ncbi.nlm.nih.gov/pubmed/33257673
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7704669
https://dx.doi.org/10.1016/j.ijdevneu.2018.09.009
http://www.ncbi.nlm.nih.gov/pubmed/30292872
https://dx.doi.org/10.1146/annurev-immunol-032713-120240
http://www.ncbi.nlm.nih.gov/pubmed/24471431
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5001846
https://dx.doi.org/10.3390/ijms252111638
http://www.ncbi.nlm.nih.gov/pubmed/39519189
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11546674
https://dx.doi.org/10.1186/s12974-021-02325-6
http://www.ncbi.nlm.nih.gov/pubmed/34838047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8627624
https://dx.doi.org/10.1002/wsbm.1545
http://www.ncbi.nlm.nih.gov/pubmed/34738335
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9066608
https://dx.doi.org/10.4103/1673-5374.322423
http://www.ncbi.nlm.nih.gov/pubmed/34472455
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8530121
https://dx.doi.org/10.2147/ITT.S305420
http://www.ncbi.nlm.nih.gov/pubmed/34595138
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8478425
https://dx.doi.org/10.1038/s41392-020-00443-w
http://www.ncbi.nlm.nih.gov/pubmed/33637672
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7910446
https://dx.doi.org/10.3389/fphar.2022.1042420
http://www.ncbi.nlm.nih.gov/pubmed/36438817
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9682198


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 29

Hajjar T, Meng GY, Rajion MA, Vidyadaran S, Othman F, Farjam AS, et al. Omega 3 polyunsaturated 
fatty acid improves spatial learning and hippocampal peroxisome proliferator activated receptors 
(PPARα and PPARγ) gene expression in rats. BMC Neurosci. 2012;13:109. [DOI] [PubMed] [PMC]

141.     

Heras-Sandoval D, Pedraza-Chaverri J, Pérez-Rojas JM. Role of docosahexaenoic acid in the 
modulation of glial cells in Alzheimer’s disease. J Neuroinflammation. 2016;13:61. [DOI] [PubMed] 
[PMC]

142.     

Casali BT, Reed-Geaghan EG. Microglial Function and Regulation during Development, Homeostasis 
and Alzheimer’s Disease. Cells. 2021;10:957. [DOI] [PubMed] [PMC]

143.     

Calder PC. Omega-3 polyunsaturated fatty acids and inflammatory processes: nutrition or 
pharmacology? Br J Clin Pharmacol. 2013;75:645–62. [DOI] [PubMed] [PMC]

144.     

Loving BA, Bruce KD. Lipid and Lipoprotein Metabolism in Microglia. Front Physiol. 2020;11:393. 
[DOI] [PubMed] [PMC]

145.     

Folick A, Koliwad SK, Valdearcos M. Microglial Lipid Biology in the Hypothalamic Regulation of 
Metabolic Homeostasis. Front Endocrinol (Lausanne). 2021;12:668396. [DOI] [PubMed] [PMC]

146.     

Decoeur F, Picard K, St-Pierre M, Greenhalgh AD, Delpech J, Sere A, et al. N-3 PUFA Deficiency Affects 
the Ultrastructural Organization and Density of White Matter Microglia in the Developing Brain of 
Male Mice. Front Cell Neurosci. 2022;16:802411. [DOI] [PubMed] [PMC]

147.     

Lim TK, Ruthazer ES. Microglial trogocytosis and the complement system regulate axonal pruning in 
vivo. Elife. 2021;10:e62167. [DOI] [PubMed] [PMC]

148.     

Stephan AH, Barres BA, Stevens B. The complement system: an unexpected role in synaptic pruning 
during development and disease. Annu Rev Neurosci. 2012;35:369–89. [DOI] [PubMed]

149.     

Zhong L, Sheng X, Wang W, Li Y, Zhuo R, Wang K, et al. TREM2 receptor protects against 
complement-mediated synaptic loss by binding to complement C1q during neurodegeneration. 
Immunity. 2023;56:1794–808.e8. [DOI] [PubMed]

150.     

Liu J, Wang Q, You Q, Li Z, Hu N, Wang Y, et al. Acute EPA-induced learning and memory impairment 
in mice is prevented by DHA. Nat Commun. 2020;11:5465. [DOI] [PubMed] [PMC]

151.     

Labrousse VF, Nadjar A, Joffre C, Costes L, Aubert A, Grégoire S, et al. Short-term long chain omega3 
diet protects from neuroinflammatory processes and memory impairment in aged mice. PLoS One. 
2012;7:e36861. [DOI] [PubMed] [PMC]

152.     

Latour A, Grintal B, Champeil-Potokar G, Hennebelle M, Lavialle M, Dutar P, et al. Omega-3 fatty acids 
deficiency aggravates glutamatergic synapse and astroglial aging in the rat hippocampal CA1. Aging 
Cell. 2013;12:76–84. [DOI] [PubMed]

153.     

Dayananda KK, Ahmed S, Wang D, Polis B, Islam R, Kaffman A. Early life stress impairs synaptic 
pruning in the developing hippocampus. Brain Behav Immun. 2023;107:16–31. [DOI] [PubMed] 
[PMC]

154.     

Agostoni C, Nobile M, Ciappolino V, Delvecchio G, Tesei A, Turolo S, et al. The Role of Omega-3 Fatty 
Acids in Developmental Psychopathology: A Systematic Review on Early Psychosis, Autism, and 
ADHD. Int J Mol Sci. 2017;18:2608. [DOI] [PubMed] [PMC]

155.     

Delpech J, Thomazeau A, Madore C, Bosch-Bouju C, Larrieu T, Lacabanne C, et al. Dietary n-3 PUFAs 
Deficiency Increases Vulnerability to Inflammation-Induced Spatial Memory Impairment. 
Neuropsychopharmacology. 2015;40:2774–87. [DOI] [PubMed] [PMC]

156.     

Tang M, Zhang M, Cai H, Li H, Jiang P, Dang R, et al. Maternal diet of polyunsaturated fatty acid 
altered the cell proliferation in the dentate gyrus of hippocampus and influenced glutamatergic and 
serotoninergic systems of neonatal female rats. Lipids Health Dis. 2016;15:71. [DOI] [PubMed] 
[PMC]

157.     

Moreira JD, Knorr L, Ganzella M, Thomazi AP, de Souza CG, de Souza DG, et al. Omega-3 fatty acids 
deprivation affects ontogeny of glutamatergic synapses in rats: relevance for behavior alterations. 
Neurochem Int. 2010;56:753–9. [DOI] [PubMed]

158.     

https://dx.doi.org/10.1186/1471-2202-13-109
http://www.ncbi.nlm.nih.gov/pubmed/22989138
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3465241
https://dx.doi.org/10.1186/s12974-016-0525-7
http://www.ncbi.nlm.nih.gov/pubmed/26965310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4787218
https://dx.doi.org/10.3390/cells10040957
http://www.ncbi.nlm.nih.gov/pubmed/33924200
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074610
https://dx.doi.org/10.1111/j.1365-2125.2012.04374.x
http://www.ncbi.nlm.nih.gov/pubmed/22765297
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3575932
https://dx.doi.org/10.3389/fphys.2020.00393
http://www.ncbi.nlm.nih.gov/pubmed/32411016
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7198855
https://dx.doi.org/10.3389/fendo.2021.668396
http://www.ncbi.nlm.nih.gov/pubmed/34122343
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8191416
https://dx.doi.org/10.3389/fncel.2022.802411
http://www.ncbi.nlm.nih.gov/pubmed/35221920
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8866569
https://dx.doi.org/10.7554/eLife.62167
http://www.ncbi.nlm.nih.gov/pubmed/33724186
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7963485
https://dx.doi.org/10.1146/annurev-neuro-061010-113810
http://www.ncbi.nlm.nih.gov/pubmed/22715882
https://dx.doi.org/10.1016/j.immuni.2023.06.016
http://www.ncbi.nlm.nih.gov/pubmed/37442133
https://dx.doi.org/10.1038/s41467-020-19255-1
http://www.ncbi.nlm.nih.gov/pubmed/33122660
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7596714
https://dx.doi.org/10.1371/journal.pone.0036861
http://www.ncbi.nlm.nih.gov/pubmed/22662127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3360741
https://dx.doi.org/10.1111/acel.12026
http://www.ncbi.nlm.nih.gov/pubmed/23113887
https://dx.doi.org/10.1016/j.bbi.2022.09.014
http://www.ncbi.nlm.nih.gov/pubmed/36174883
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10497209
https://dx.doi.org/10.3390/ijms18122608
http://www.ncbi.nlm.nih.gov/pubmed/29207548
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5751211
https://dx.doi.org/10.1038/npp.2015.127
http://www.ncbi.nlm.nih.gov/pubmed/25948102
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4864653
https://dx.doi.org/10.1186/s12944-016-0236-1
http://www.ncbi.nlm.nih.gov/pubmed/27048382
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4822267
https://dx.doi.org/10.1016/j.neuint.2010.02.010
http://www.ncbi.nlm.nih.gov/pubmed/20172010


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 30

Frajerman A, Scoriels L, Kebir O, Chaumette B. Shared Biological Pathways between Antipsychotics 
and Omega-3 Fatty Acids: A Key Feature for Schizophrenia Preventive Treatment? Int J Mol Sci. 
2021;22:6881. [DOI] [PubMed] [PMC]

159.     

Tanaka K, Farooqui AA, Siddiqi NJ, Alhomida AS, Ong W. Effects of docosahexaenoic Acid on 
neurotransmission. Biomol Ther (Seoul). 2012;20:152–7. [DOI] [PubMed] [PMC]

160.     

Rouch L, Giudici KV, Cantet C, Guyonnet S, Delrieu J, Legrand P, et al. Associations of erythrocyte 
omega-3 fatty acids with cognition, brain imaging and biomarkers in the Alzheimer’s disease 
neuroimaging initiative: cross-sectional and longitudinal retrospective analyses. Am J Clin Nutr. 
2022;116:1492–506. [DOI] [PubMed] [PMC]

161.     

Lehner A, Staub K, Aldakak L, Eppenberger P, Rühli F, Martin RD, et al. Impact of omega-3 fatty acid 
DHA and EPA supplementation in pregnant or breast-feeding women on cognitive performance of 
children: systematic review and meta-analysis. Nutr Rev. 2021;79:585–98. [DOI] [PubMed]

162.     

Dobrian AD, Lieb DC, Cole BK, Taylor-Fishwick DA, Chakrabarti SK, Nadler JL. Functional and 
pathological roles of the 12- and 15-lipoxygenases. Prog Lipid Res. 2011;50:115–31. [DOI] [PubMed] 
[PMC]

163.     

Fu Y, Wang Y, Gao H, Li D, Jiang R, Ge L, et al. Associations among Dietary Omega-3 Polyunsaturated 
Fatty Acids, the Gut Microbiota, and Intestinal Immunity. Mediators Inflamm. 2021;2021:8879227. 
[DOI] [PubMed] [PMC]

164.     

Zhou L, Xiong J, Chai Y, Huang L, Tang Z, Zhang X, et al. Possible antidepressant mechanisms of 
omega-3 polyunsaturated fatty acids acting on the central nervous system. Front Psychiatry. 2022;
13:933704. [DOI] [PubMed] [PMC]

165.     

Serefko A, Jach ME, Pietraszuk M, Świąder M, Świąder K, Szopa A. Omega-3 Polyunsaturated Fatty 
Acids in Depression. Int J Mol Sci. 2024;25:8675. [DOI] [PubMed] [PMC]

166.     

Mozurkewich EL, Clinton CM, Chilimigras JL, Hamilton SE, Allbaugh LJ, Berman DR, et al. The 
Mothers, Omega-3, and Mental Health Study: a double-blind, randomized controlled trial. Am J 
Obstet Gynecol. 2013;208:313.e1–9. [DOI] [PubMed] [PMC]

167.     

Levant B. N-3 (omega-3) Fatty acids in postpartum depression: implications for prevention and 
treatment. Depress Res Treat. 2011;2011:467349. [DOI] [PubMed] [PMC]

168.     

Labrousse VF, Leyrolle Q, Amadieu C, Aubert A, Sere A, Coutureau E, et al. Dietary omega-3 
deficiency exacerbates inflammation and reveals spatial memory deficits in mice exposed to 
lipopolysaccharide during gestation. Brain Behav Immun. 2018;73:427–40. [DOI] [PubMed]

169.     

Tang M, Zhang M, Wang L, Li H, Cai H, Dang R, et al. Maternal dietary of n-3 polyunsaturated fatty 
acids affects the neurogenesis and neurochemical in female rat at weaning. Prostaglandins Leukot 
Essent Fatty Acids. 2018;128:11–20. [DOI] [PubMed]

170.     

Chang JP, Su KP. Nutritional Neuroscience as Mainstream of Psychiatry: The Evidence- Based 
Treatment Guidelines for Using Omega-3 Fatty Acids as a New Treatment for Psychiatric Disorders 
in Children and Adolescents. Clin Psychopharmacol Neurosci. 2020;18:469–83. [DOI] [PubMed] 
[PMC]

171.     

Vecchione R, Vigna C, Whitman C, Kauffman EM, Braun JM, Chen A, et al. The Association Between 
Maternal Prenatal Fish Intake and Child Autism-Related Traits in the EARLI and HOME Studies. J 
Autism Dev Disord. 2021;51:487–500. [DOI] [PubMed] [PMC]

172.     

Julvez J, Méndez M, Fernandez-Barres S, Romaguera D, Vioque J, Llop S, et al. Maternal Consumption 
of Seafood in Pregnancy and Child Neuropsychological Development: A Longitudinal Study Based on 
a Population With High Consumption Levels. Am J Epidemiol. 2016;183:169–82. [DOI] [PubMed]

173.     

Sinclair AJ, Wang Y, Li D. What Is the Evidence for Dietary-Induced DHA Deficiency in Human Brains? 
Nutrients. 2022;15:161. [DOI] [PubMed] [PMC]

174.     

Mullen S. Major depressive disorder in children and adolescents. Ment Health Clin. 2018;8:275–83. 
[DOI] [PubMed] [PMC]

175.     

https://dx.doi.org/10.3390/ijms22136881
http://www.ncbi.nlm.nih.gov/pubmed/34206945
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8269187
https://dx.doi.org/10.4062/biomolther.2012.20.2.152
http://www.ncbi.nlm.nih.gov/pubmed/24116288
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3792211
https://dx.doi.org/10.1093/ajcn/nqac236
http://www.ncbi.nlm.nih.gov/pubmed/36253968
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9761759
https://dx.doi.org/10.1093/nutrit/nuaa060
http://www.ncbi.nlm.nih.gov/pubmed/32918470
https://dx.doi.org/10.1016/j.plipres.2010.10.005
http://www.ncbi.nlm.nih.gov/pubmed/20970452
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3012140
https://dx.doi.org/10.1155/2021/8879227
http://www.ncbi.nlm.nih.gov/pubmed/33488295
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7801035
https://dx.doi.org/10.3389/fpsyt.2022.933704
http://www.ncbi.nlm.nih.gov/pubmed/36117650
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9473681
https://dx.doi.org/10.3390/ijms25168675
http://www.ncbi.nlm.nih.gov/pubmed/39201362
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11354246
https://dx.doi.org/10.1016/j.ajog.2013.01.038
http://www.ncbi.nlm.nih.gov/pubmed/23531328
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4010222
https://dx.doi.org/10.1155/2011/467349
http://www.ncbi.nlm.nih.gov/pubmed/21151517
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2989696
https://dx.doi.org/10.1016/j.bbi.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/29879442
https://dx.doi.org/10.1016/j.plefa.2017.11.001
http://www.ncbi.nlm.nih.gov/pubmed/29413357
https://dx.doi.org/10.9758/cpn.2020.18.4.469
http://www.ncbi.nlm.nih.gov/pubmed/33124582
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7609218
https://dx.doi.org/10.1007/s10803-020-04546-9
http://www.ncbi.nlm.nih.gov/pubmed/32519188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7725860
https://dx.doi.org/10.1093/aje/kwv195
http://www.ncbi.nlm.nih.gov/pubmed/26740026
https://dx.doi.org/10.3390/nu15010161
http://www.ncbi.nlm.nih.gov/pubmed/36615819
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9824463
https://dx.doi.org/10.9740/mhc.2018.11.275
http://www.ncbi.nlm.nih.gov/pubmed/30397569
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6213890


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 31

Dwyer JB, Bloch MH. Antidepressants for Pediatric Patients. Curr Psychiatr. 2019;18:26–42F. 
[PubMed] [PMC]

176.     

Chaves RdCS, Aguiar OB, Moreno AB, Brunoni AR, Molina MDCB, Viana MC, et al. Consumption of 
Omega-3 and Maintenance and Incidence of Depressive Episodes: The ELSA-Brasil Study. Nutrients. 
2022;14:3227. [DOI] [PubMed] [PMC]

177.     

Larrieu T, Laye S. Food for Mood: Relevance of Nutritional Omega-3 Fatty Acids for Depression and 
Anxiety. Front Physiol. 2018;9:1047. [DOI] [PubMed] [PMC]

178.     

Carney RM, Freedland KE, Stein PK, Steinmeyer BC, Harris WS, Rubin EH, et al. Effect of omega-3 
fatty acids on heart rate variability in depressed patients with coronary heart disease. Psychosom 
Med. 2010;72:748–54. [DOI] [PubMed] [PMC]

179.     

Grosso G, Galvano F, Marventano S, Malaguarnera M, Bucolo C, Drago F, et al. Omega-3 fatty acids 
and depression: scientific evidence and biological mechanisms. Oxid Med Cell Longev. 2014;2014:
313570. [DOI] [PubMed] [PMC]

180.     

Tribulova N, Bacova BS, Benova TE, Knezl V, Barancik M, Slezak J. Omega-3 Index and Anti-
Arrhythmic Potential of Omega-3 PUFAs. Nutrients. 2017;9:1191. [DOI] [PubMed] [PMC]

181.     

Troubat R, Barone P, Leman S, Desmidt T, Cressant A, Atanasova B, et al. Neuroinflammation and 
depression: A review. Eur J Neurosci. 2021;53:151–71. [DOI] [PubMed]

182.     

Richardson B, MacPherson A, Bambico F. Neuroinflammation and neuroprogression in depression: 
Effects of alternative drug treatments. Brain Behav Immun Health. 2022;26:100554. [DOI] [PubMed] 
[PMC]

183.     

Malau IA, Chang JP, Lin Y, Chang C, Chiu W, Su K. Omega-3 Fatty Acids and Neuroinflammation in 
Depression: Targeting Damage-Associated Molecular Patterns and Neural Biomarkers. Cells. 2024;
13:1791. [DOI] [PubMed] [PMC]

184.     

Li X, Bi X, Wang S, Zhang Z, Li F, Zhao AZ. Therapeutic Potential of ω-3 Polyunsaturated Fatty Acids in 
Human Autoimmune Diseases. Front Immunol. 2019;10:2241. [DOI] [PubMed] [PMC]

185.     

Gutiérrez S, Svahn SL, Johansson ME. Effects of Omega-3 Fatty Acids on Immune Cells. Int J Mol Sci. 
2019;20:5028. [DOI] [PubMed] [PMC]

186.     

Calder PC. Omega-3 fatty acids and inflammatory processes. Nutrients. 2010;2:355–74. [DOI] 
[PubMed] [PMC]

187.     

Joffre C, Rey C, Layé S. N-3 Polyunsaturated Fatty Acids and the Resolution of Neuroinflammation. 
Front Pharmacol. 2019;10:1022. [DOI] [PubMed] [PMC]

188.     

Giacobbe J, Benoiton B, Zunszain P, Pariante CM, Borsini A. The Anti-Inflammatory Role of Omega-3 
Polyunsaturated Fatty Acids Metabolites in Pre-Clinical Models of Psychiatric, Neurodegenerative, 
and Neurological Disorders. Front Psychiatry. 2020;11:122. [DOI] [PubMed] [PMC]

189.     

Su K, Lai H, Yang H, Su W, Peng C, Chang JP, et al. Omega-3 fatty acids in the prevention of interferon-
alpha-induced depression: results from a randomized, controlled trial. Biol Psychiatry. 2014;76:
559–66. [DOI] [PubMed]

190.     

Costantini L, Molinari R, Farinon B, Merendino N. Impact of Omega-3 Fatty Acids on the Gut 
Microbiota. Int J Mol Sci. 2017;18:2645. [DOI] [PubMed] [PMC]

191.     

Berding K, Vlckova K, Marx W, Schellekens H, Stanton C, Clarke G, et al. Diet and the Microbiota-Gut-
Brain Axis: Sowing the Seeds of Good Mental Health. Adv Nutr. 2021;12:1239–85. [DOI] [PubMed] 
[PMC]

192.     

Marrone MC, Coccurello R. Dietary Fatty Acids and Microbiota-Brain Communication in 
Neuropsychiatric Diseases. Biomolecules. 2019;10:12. [DOI] [PubMed] [PMC]

193.     

Borrego-Ruiz A, Borrego JJ. Human gut microbiome, diet, and mental disorders. Int Microbiol. 2025;
28:1–15. [DOI] [PubMed] [PMC]

194.     

Borrego-Ruiz A, Borrego JJ. Neurodevelopmental Disorders Associated with Gut Microbiome 
Dysbiosis in Children. Children (Basel). 2024;11:796. [DOI] [PubMed] [PMC]

195.     

http://www.ncbi.nlm.nih.gov/pubmed/31511767
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6738970
https://dx.doi.org/10.3390/nu14153227
http://www.ncbi.nlm.nih.gov/pubmed/35956403
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9370473
https://dx.doi.org/10.3389/fphys.2018.01047
http://www.ncbi.nlm.nih.gov/pubmed/30127751
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6087749
https://dx.doi.org/10.1097/PSY.0b013e3181eff148
http://www.ncbi.nlm.nih.gov/pubmed/20716712
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2950909
https://dx.doi.org/10.1155/2014/313570
http://www.ncbi.nlm.nih.gov/pubmed/24757497
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3976923
https://dx.doi.org/10.3390/nu9111191
http://www.ncbi.nlm.nih.gov/pubmed/29084142
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5707663
https://dx.doi.org/10.1111/ejn.14720
http://www.ncbi.nlm.nih.gov/pubmed/32150310
https://dx.doi.org/10.1016/j.bbih.2022.100554
http://www.ncbi.nlm.nih.gov/pubmed/36388140
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9663329
https://dx.doi.org/10.3390/cells13211791
http://www.ncbi.nlm.nih.gov/pubmed/39513898
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11544853
https://dx.doi.org/10.3389/fimmu.2019.02241
http://www.ncbi.nlm.nih.gov/pubmed/31611873
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6776881
https://dx.doi.org/10.3390/ijms20205028
http://www.ncbi.nlm.nih.gov/pubmed/31614433
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6834330
https://dx.doi.org/10.3390/nu2030355
http://www.ncbi.nlm.nih.gov/pubmed/22254027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257651
https://dx.doi.org/10.3389/fphar.2019.01022
http://www.ncbi.nlm.nih.gov/pubmed/31607902
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6755339
https://dx.doi.org/10.3389/fpsyt.2020.00122
http://www.ncbi.nlm.nih.gov/pubmed/32180741
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7059745
https://dx.doi.org/10.1016/j.biopsych.2014.01.008
http://www.ncbi.nlm.nih.gov/pubmed/24602409
https://dx.doi.org/10.3390/ijms18122645
http://www.ncbi.nlm.nih.gov/pubmed/29215589
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5751248
https://dx.doi.org/10.1093/advances/nmaa181
http://www.ncbi.nlm.nih.gov/pubmed/33693453
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8321864
https://dx.doi.org/10.3390/biom10010012
http://www.ncbi.nlm.nih.gov/pubmed/31861745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7022659
https://dx.doi.org/10.1007/s10123-024-00518-6
http://www.ncbi.nlm.nih.gov/pubmed/38561477
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11775079
https://dx.doi.org/10.3390/children11070796
http://www.ncbi.nlm.nih.gov/pubmed/39062245
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11275248


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 32

Bodur M, Yilmaz B, Agagunduz D, Ozogul Y. Immunomodulatory Effects of Omega-3 Fatty Acids: 
Mechanistic Insights and Health Implications. Mol Nutr Food Res. 2025;e202400752. [DOI] 
[PubMed]

196.     

Chen X, Wu S, Chen C, Xie B, Fang Z, Hu W, et al. Omega-3 polyunsaturated fatty acid 
supplementation attenuates microglial-induced inflammation by inhibiting the HMGB1/TLR4/NF-κB 
pathway following experimental traumatic brain injury. J Neuroinflammation. 2017;14:143. [DOI] 
[PubMed] [PMC]

197.     

Liu L, Wang H, Chen X, Zhang Y, Zhang H, Xie P. Gut microbiota and its metabolites in depression: 
from pathogenesis to treatment. EBioMedicine. 2023;90:104527. [DOI] [PubMed] [PMC]

198.     

Zheng P, Zeng B, Zhou C, Liu M, Fang Z, Xu X, et al. Gut microbiome remodeling induces depressive-
like behaviors through a pathway mediated by the host’s metabolism. Mol Psychiatry. 2016;21:
786–96. [DOI] [PubMed]

199.     

Silva YP, Bernardi A, Frozza RL. The Role of Short-Chain Fatty Acids From Gut Microbiota in Gut-
Brain Communication. Front Endocrinol (Lausanne). 2020;11:25. [DOI] [PubMed] [PMC]

200.     

Vecsey CG, Hawk JD, Lattal KM, Stein JM, Fabian SA, Attner MA, et al. Histone deacetylase inhibitors 
enhance memory and synaptic plasticity via CREB:CBP-dependent transcriptional activation. J 
Neurosci. 2007;27:6128–40. [DOI] [PubMed] [PMC]

201.     

Patrick RP, Ames BN. Vitamin D and the omega-3 fatty acids control serotonin synthesis and action, 
part 2: relevance for ADHD, bipolar disorder, schizophrenia, and impulsive behavior. FASEB J. 2015;
29:2207–22. [DOI] [PubMed]

202.     

Tomczyk M, Bidzan-Wiącek M, Kortas JA, Kochanowicz M, Jost Z, Fisk HL, et al. Omega-3 fatty acid 
supplementation affects tryptophan metabolism during a 12-week endurance training in amateur 
runners: a randomized controlled trial. Sci Rep. 2024;14:4102. [DOI] [PubMed] [PMC]

203.     

Ney L, Wipplinger M, Grossmann M, Engert N, Wegner VD, Mosig AS. Short chain fatty acids: key 
regulators of the local and systemic immune response in inflammatory diseases and infections. Open 
Biol. 2023;13:230014. [DOI] [PubMed] [PMC]

204.     

Ziaei S, Mohammadi S, Hasani M, Morvaridi M, Belančić A, Daneshzad E, et al. A systematic review 
and meta-analysis of the omega-3 fatty acids effects on brain-derived neurotrophic factor (BDNF). 
Nutr Neurosci. 2024;27:715–25. [DOI] [PubMed]

205.     

Vyas CM, Mischoulon D, Chang G, 3rd CFR, Cook NR, Weinberg A, et al. Relation of serum BDNF to 
major depression and exploration of mechanistic roles of serum BDNF in a study of vitamin D3 and 
omega-3 supplements for late-life depression prevention. J Psychiatr Res. 2023;163:357–64. [DOI] 
[PubMed] [PMC]

206.     

Guo C, Liu Y, Fang M, Li Y, Li W, Mahaman YAR, et al. ω-3PUFAs Improve Cognitive Impairments 
Through Ser133 Phosphorylation of CREB Upregulating BDNF/TrkB Signal in Schizophrenia. 
Neurotherapeutics. 2020;17:1271–86. [DOI] [PubMed] [PMC]

207.     

Trebatická J, Hradečná Z, Böhmer F, Vaváková M, Waczulíková I, Garaiova I, et al. Emulsified omega-
3 fatty-acids modulate the symptoms of depressive disorder in children and adolescents: a pilot 
study. Child Adolesc Psychiatry Ment Health. 2017;11:30. [DOI] [PubMed] [PMC]

208.     

Campisi SC, Zasowski C, Bradley-Ridout G, Schumacher A, Szatmari P, Korczak D. Omega-3 fatty acid 
supplementation for depression in children and adolescents. Cochrane Database Syst Rev. 2024;11:
CD014803. [DOI] [PubMed]

209.     

Ciesielski TH, Williams SM. Low Omega-3 intake is associated with high rates of depression and 
preterm birth on the country level. Sci Rep. 2020;10:19749. [DOI] [PubMed] [PMC]

210.     

Gabbay V, Freed RD, Alonso CM, Senger S, Stadterman J, Davison BA, et al. A Double-Blind Placebo-
Controlled Trial of Omega-3 Fatty Acids as a Monotherapy for Adolescent Depression. J Clin 
Psychiatry. 2018;79:17m11596. [DOI] [PubMed] [PMC]

211.     

https://dx.doi.org/10.1002/mnfr.202400752
http://www.ncbi.nlm.nih.gov/pubmed/40159804
https://dx.doi.org/10.1186/s12974-017-0917-3
http://www.ncbi.nlm.nih.gov/pubmed/28738820
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5525354
https://dx.doi.org/10.1016/j.ebiom.2023.104527
http://www.ncbi.nlm.nih.gov/pubmed/36963238
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10051028
https://dx.doi.org/10.1038/mp.2016.44
http://www.ncbi.nlm.nih.gov/pubmed/27067014
https://dx.doi.org/10.3389/fendo.2020.00025
http://www.ncbi.nlm.nih.gov/pubmed/32082260
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7005631
https://dx.doi.org/10.1523/JNEUROSCI.0296-07.2007
http://www.ncbi.nlm.nih.gov/pubmed/17553985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2925045
https://dx.doi.org/10.1096/fj.14-268342
http://www.ncbi.nlm.nih.gov/pubmed/25713056
https://dx.doi.org/10.1038/s41598-024-54112-x
http://www.ncbi.nlm.nih.gov/pubmed/38374149
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10876641
https://dx.doi.org/10.1098/rsob.230014
http://www.ncbi.nlm.nih.gov/pubmed/36977462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10049789
https://dx.doi.org/10.1080/1028415X.2023.2245996
http://www.ncbi.nlm.nih.gov/pubmed/37589276
https://dx.doi.org/10.1016/j.jpsychires.2023.05.069
http://www.ncbi.nlm.nih.gov/pubmed/37267732
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10306120
https://dx.doi.org/10.1007/s13311-020-00859-w
http://www.ncbi.nlm.nih.gov/pubmed/32367475
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7609637
https://dx.doi.org/10.1186/s13034-017-0167-2
http://www.ncbi.nlm.nih.gov/pubmed/28690672
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5497377
https://dx.doi.org/10.1002/14651858.CD014803.pub2
http://www.ncbi.nlm.nih.gov/pubmed/39564892
https://dx.doi.org/10.1038/s41598-020-76552-x
http://www.ncbi.nlm.nih.gov/pubmed/33184396
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7661496
https://dx.doi.org/10.4088/JCP.17m11596
http://www.ncbi.nlm.nih.gov/pubmed/29985566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6625364


Explor Neuroprot Ther. 2025;5:1004107 | https://doi.org/10.37349/ent.2025.1004107 Page 33

McNamara RK, Strimpfel J, Jandacek R, Rider T, Tso P, Welge JA, et al. Detection and Treatment of 
Long-Chain Omega-3 Fatty Acid Deficiency in Adolescents with SSRI-Resistant Major Depressive 
Disorder. PharmaNutrition. 2014;2:38–46. [DOI] [PubMed] [PMC]

212.     

Li S, Li R, Hu X, Zhang Y, Wang D, Gao Y, et al. Omega-3 supplementation improves depressive 
symptoms, cognitive function and niacin skin flushing response in adolescent depression: A 
randomized controlled clinical trial. J Affect Disord. 2024;345:394–403. [DOI] [PubMed]

213.     

Smesny S, Milleit B, Schaefer MR, Hesse J, Schlögelhofer M, Langbein K, et al. Effects of omega-3 PUFA 
on immune markers in adolescent individuals at ultra-high risk for psychosis - Results of the 
randomized controlled Vienna omega-3 study. Schizophr Res. 2017;188:110–7. [DOI] [PubMed]

214.     

Rangel-Huerta OD, Aguilera CM, Mesa MD, Gil A. Omega-3 long-chain polyunsaturated fatty acids 
supplementation on inflammatory biomakers: a systematic review of randomised clinical trials. Br J 
Nutr. 2012;107:S159–70. [DOI] [PubMed]

215.     

Häberling I, Berger G, Schmeck K, Held U, Walitza S. Omega-3 Fatty Acids as a Treatment for 
Pediatric Depression. A Phase III, 36 Weeks, Multi-Center, Double-Blind, Placebo-Controlled 
Randomized Superiority Study. Front Psychiatry. 2019;10:863. [DOI] [PubMed] [PMC]

216.     

Chang JP, Chang S, Yang H, Chen H, Chien Y, Yang B, et al. Omega-3 polyunsaturated fatty acids in 
cardiovascular diseases comorbid major depressive disorder - Results from a randomized controlled 
trial. Brain Behav Immun. 2020;85:14–20. [DOI] [PubMed]

217.     

Davidson PW, Strain JJ, Myers GJ, Thurston SW, Bonham MP, Shamlaye CF, et al. Neurodevelopmental 
effects of maternal nutritional status and exposure to methylmercury from eating fish during 
pregnancy. Neurotoxicology. 2008;29:767–75. [DOI] [PubMed] [PMC]

218.     

Mou Y, Blok E, Barroso M, Jansen PW, White T, Voortman T. Dietary patterns, brain morphology and 
cognitive performance in children: Results from a prospective population-based study. Eur J 
Epidemiol. 2023;38:669–87. [DOI] [PubMed] [PMC]

219.     

Firth J, Solmi M, Wootton RE, Vancampfort D, Schuch FB, Hoare E, et al. A meta-review of “lifestyle 
psychiatry”: the role of exercise, smoking, diet and sleep in the prevention and treatment of mental 
disorders. World Psychiatry. 2020;19:360–80. [DOI] [PubMed] [PMC]

220.     

https://dx.doi.org/10.1016/j.phanu.2014.02.002
http://www.ncbi.nlm.nih.gov/pubmed/24772386
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3998067
https://dx.doi.org/10.1016/j.jad.2023.10.151
http://www.ncbi.nlm.nih.gov/pubmed/38190276
https://dx.doi.org/10.1016/j.schres.2017.01.026
http://www.ncbi.nlm.nih.gov/pubmed/28126360
https://dx.doi.org/10.1017/S0007114512001559
http://www.ncbi.nlm.nih.gov/pubmed/22591890
https://dx.doi.org/10.3389/fpsyt.2019.00863
http://www.ncbi.nlm.nih.gov/pubmed/31827448
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6892434
https://dx.doi.org/10.1016/j.bbi.2019.03.012
http://www.ncbi.nlm.nih.gov/pubmed/30902738
https://dx.doi.org/10.1016/j.neuro.2008.06.001
http://www.ncbi.nlm.nih.gov/pubmed/18590763
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2580738
https://dx.doi.org/10.1007/s10654-023-01012-5
http://www.ncbi.nlm.nih.gov/pubmed/37155025
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10232626
https://dx.doi.org/10.1002/wps.20773
http://www.ncbi.nlm.nih.gov/pubmed/32931092
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7491615

	Abstract
	Keywords
	Introduction
	Role of omega-3 fatty acids in fetal neurodevelopment
	Optimizing maternal and fetal health: the critical role of EPA and DHA monitoring and personalized supplementation
	Impact of PUFA supplementation during pregnancy on perinatal outcomes and cognitive development
	Role of omega-3 fatty acids in fetal CNS development during pregnancy
	Mechanisms of PUFA-mediated neurodevelopment: roles of DHA and EPA in fetal brain growth and CNS function during pregnancy
	Maternal omega-3 PUFAs and offspring brain development: unraveling public health implications

	Implications of maternal omega-3 PUFA deficiency on microglial function, hippocampal dysfunction, and cognitive impairment
	Maternal omega-3 deficiency and microglial dysregulation in neurodevelopment
	The impact of omega-3 PUFA deficiency on hippocampal development and cognitive function
	Maternal omega-3 PUFA deficiency and its impact on neurodevelopment: implications for cognitive health and therapeutic strategies

	Omega-3 PUFAs in pediatric depression: early-life deficiency, central mechanisms, and therapeutic implications
	The potential role of omega-3 PUFA in managing major depressive disorder in children and adolescents
	Influence of omega-3 PUFAs on the gut-brain axis: a central mechanism in depression
	Clinical evidence for omega-3 PUFA supplementation in pediatric MDD

	Conclusions
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References



