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Abstract

Background: The first 1000 days of life, from conception to 2 years of age, represent a
critical window during which nutrition can exert long-lasting effects on neurodevelopment,
immune maturation, and susceptibility to prematurity-related morbidity. Docosahexaenoic
acid (DHA) is a key structural n-3 long-chain polyunsaturated fatty acid of the brain and
retina, characterized by rapid fetal accretion during the third trimester. Methods: We
conducted a narrative review of studies published from March 2015 up to December 2025,
including randomized controlled trials, follow-up studies, and systematic reviews/meta-
analyses about DHA supplementation during pregnancy, lactation, infancy and early
childhood, and its role on development. Results: Across the first 1000 days, DHA supple-
mentation improves biochemical DHA status, particularly in populations with low baseline
levels (moderate to high level of evidence), while clinical outcomes remain heterogeneous.
During pregnancy, some benefits in specific cognitive and behavioral domains have been
demonstrated, whereas effects on global cognition and long-term behavior are frequently
null (moderate evidence). Visual outcomes appear favorable, with improvements in vi-
sual acuity (moderate evidence). In preterm infants, enteral DHA—often combined with
arachidonic acid (ARA)—is feasible and well tolerated. DHA may reduce inflammatory
markers and necrotizing enterocolitis risk when in equilibrium with ARA (low to mod-
erate evidence), while no evidence supports the link between DHA and reduced risk of
bronchopulmonary dysplasia and retinopathy of prematurity (moderate evidence). Neu-
rodevelopmental outcomes are mixed: neuroimaging studies suggest enhanced white
matter maturation with DHA + ARA, whereas most trials show no clear benefit regarding
standardized developmental scores (moderate evidence). Conclusions: DHA is biologically
essential during the first 1000 days, but its clinical impact depends on timing, dose, baseline
status, and prematurity-related context. The balance between DHA and ARA, rather than
DHA supplementation alone, emerges as a key determinant of clinical efficacy, supporting
a shift toward precision-based nutritional strategies in early life.
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1. Introduction

The first 1000 days of life—from conception and pregnancy through the first 2 years—
represent a period often described as a “window of opportunity” to promote better develop-
mental outcomes, but it can also be considered a “window of susceptibility,” during which
adverse epigenetic influences, an increased risk of disease development and nutritional
deficiency may occur [1].

The essential role of nutrition on brain development during the first 1000 days is
widely recognized [2]. During this window, fetuses, infants and children undergo particular
physiological changes and consequently have well-defined nutritional needs.

Docosahexaenoic acid (DHA) is a key structural component of neuronal cell mem-
branes and of the rod outer segments of the retina, and it is widely recognized as essential
for normal neural, auditory, olfactory and visual function. DHA plays an important role in
brain maturation, cognitive development, and overall health [34].

DHA is the main n-3 fatty acid in the fetal brain, crucial for neurogenesis, synapto-
genesis, neuroinflammation, and neurovascular coupling. The third trimester represents
a critical period marked by a substantial increase [5]. Importantly, DHA metabolism is
closely linked to n-6 fatty acids metabolism, particularly that of ARA, as both compete
for shared enzymatic pathways. This interaction influences their relative incorporation
into cell membranes and downstream effects on inflammation and neurodevelopment.
Therefore, the balance between DHA and ARA represents a critical factor in modulating
these biological processes and their clinical implications.

This narrative review explores potential early-life DHA supplementation. Specifically,
it aims to evaluate the physiological role of DHA during the first 1000 days of life through its
structural role in cell membranes and its involvement in the key developmental processes
mentioned above, the clinical impact of DHA supplementation in this critical window and
how alterations in DHA status may contribute to clinical outcomes (e.g., neurodevelopment,
immune system development, and risk of BPD, NEC, and ROP in preterm infants).

2. Materials and Methods

A literature search was conducted to identify relevant studies evaluating the role of
docosahexaenoic acid (DHA) and its supplementation during the first 1000 days of life,
from conception to 2 years of age. The search covered publications from March 2015 up
to December 2025 and was performed in the following databases: PubMed, Cochrane
Library, Scopus, and Google Scholar. Google Scholar was used as a complementary search
tool to identify additional studies, including published articles not indexed in the primary
databases.

Search terms were combined using Boolean operators, MeSH terms and free-text
keywords related to DHA and early-life nutrition. Key words included: “docosahexaenoic
acid”, “DHA”, “long-chain polyunsaturated fatty acids”, “n-3 fatty acids”, “first 1000 days”,
“pregnancy”, “lactation”, “preterm infants”, “neurodevelopment”, “visual development”,
“immune system”.

Studies were considered eligible if they evaluated DHA supplementation or DHA
status during the first 1000 days of life, including pregnancy, lactation, infancy, and early
childhood up to 2 years of age. We included studies investigating DHA administered
either alone or in combination with other nutrients (particularly arachidonic acid (ARA)
and micronutrients) provided that DHA exposure represented a central component of the
intervention or analysis.

Eligible studies included randomized controlled trials, follow-up studies, systematic
reviews and meta-analyses, and observational studies reporting clinical, developmental,
or biochemical outcomes associated with DHA exposure. Outcomes of interest included
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neurodevelopmental outcomes, immune and inflammatory responses, and major preterm
morbidities such as necrotizing enterocolitis (NEC), bronchopulmonary dysplasia (BPD),
and retinopathy of prematurity (ROP).

Level of evidence (LOE) was qualitatively assigned according to GRADE, used as a con-
ceptual framework rather than a formal systematic grading approach. We consider study
design, risk of bias, consistency, and methodological limitations. Randomized controlled
trials (RCTs) and meta-analyses were considered moderate- to high-quality evidence de-
pending on the quality of included studies, while observational studies, narrative reviews,
and position statements were classified as low-quality evidence. LOE was downgraded
when relevant limitations were identified, including lack of blinding, small sample size,
or heterogeneity.

Studies were excluded if they did not report outcomes related to DHA exposure during
early life, or focused exclusively on adult populations or unrelated nutritional interventions.
Articles not available in English were also excluded.

3. DHA: Physiology

Long-chain polyunsaturated fatty acids (LCPUFAs) are essential constituents of mem-
brane phospholipids. They are classified into three categories according to the position of
the first double bond in the carbon chain: n-3, n-6, and n-9. The major n-3 LCPUFAs include
a-linolenic acid (ALA), eicosapentaenoic acid (C20:51-3, EPA) and docosahexaenoic acid
(C22:6n-3, DHA), whereas key members of the n-6 family include linoleic acid (LA) and
arachidonic acid (ARA) [6].

Humans lack the enzymatic capacity to synthesize o-linolenic acid (ALA) and linoleic
acid (LA) de novo; therefore, these fatty acids are considered dietarily essential and must be
obtained through the diet. ALA, the precursor for the n-3 PUFA family, is found in walnuts
and the seeds of flax and chia, while seafood, like fat fish or fish oil, is the major source
of EPA and DHA in most industrialized countries [7,8]. Docosahexaenoic acid (DHA)
and arachidonic acid (ARA) can also be endogenously synthesized from their respective
precursors, ALA and LA, in a pathway involving elongation and desaturation reactions,
primarily catalyzed by A-5 and A-6 desaturase enzymes. However, the efficiency of these
metabolic pathways is limited and exhibits interindividual variability influenced by genetic
variability, population-specific differences, and epigenetic regulation.

Importantly, genetic polymorphisms in the fatty acid desaturase (FADS) gene cluster
can significantly influence desaturase activity, modulating endogenous DHA and ARA
synthesis and contributing to variability in LCPUFAs status [9]. Variants such as rs66698963
or rs174570 have been associated with altered FADS1 and FADS2 expression through epige-
netic mechanisms, including DNA methylation, linking genetic variability to functional
metabolic outcomes [10,11].

These differences reflect diet-driven evolutionary adaptations. Dietary composition
further modulates these genetic effects: LA and ALA compete for the same enzymatic
pathways, and high dietary LA intake—typical of Western dietary patterns—can reduce
the efficiency of conversion of ALA into DHA, particularly in individuals with reduced
desaturase activity. Specifically, alleles associated with enhanced LCPUFAs biosynthesis
and more efficient FADS variants are more prevalent in populations historically exposed
to low intake of preformed LCPUFAs, such as ancestral Asian populations; in contrast,
less efficient FADS variants are more common in populations consuming LCPUFAs-rich
diets, such as European and North American populations. Accordingly, DHA metabolism
is not uniform but reflects a dynamic interplay between genetic background and dietary
intake [12-14]. This gene—diet interaction contributes to variability in DHA status and may
partly explain the heterogeneity observed in clinical outcomes across studies.

https://doi.org/10.3390/nu18081178


https://doi.org/10.3390/nu18081178

Nutrients 2026, 18,1178

4 of 32

In addition to these factors, A-6 desaturase activity is reduced in conditions such as
chronic alcoholism and in diabetes, whereas A-5 desaturase activity may be impaired by
low availability of vitamin C, niacin and zinc. Although high ALA levels in diet can increase
DHA endogenous synthesis, it is not sufficient to achieve optimal levels: to increase DHA
levels in the body, dietary supplementation of DHA is the most effective strategy [15]. In
particular, during periods of rapid growth—such as the third trimester of pregnancy and
early infancy—the endogenous synthesis of LCPUFAs is generally insufficient to meet the
high demands of the developing brain and retina. Consequently, an adequate maternal
dietary intake and placental transfer of DHA are essential to ensure optimal fetal accretion.

DHA bioavailability is strongly influenced by its digestive behavior, molecular form,
and delivery system. Moreover, DHA metabolism is characterized by a balance between
functional incorporation into neural membranes and susceptibility to oxidative degra-
dation. In fact, DHA is particularly prone to lipid peroxidation, which may reduce its
bioavailability and functional impact, especially under conditions of oxidative stress. In
the brain, DHA turnover is tightly regulated, and its incorporation from plasma reflects
ongoing metabolic consumption and signaling activity, supporting its role as a dynamic
component of neurotransmission and membrane remodeling [16,17].

DHA confers membrane fluidity and influences the electrical, chemical, hormonal,
and antigenic signals of the cells. Brain and photoreceptor cell membranes contain mem-
brane phospholipids that are enriched in PUFAs. DHA accumulates in the brain through
the major facilitator superfamily domain containing 2A (MFSD2A), a sodium-dependent
lysophosphatidylcholine transporter expressed at the blood-brain barrier endothelium [18].
About 35% of total fats in the brain are PUFAs: they are critical for normal brain develop-
ment and functioning [19]. Emerging evidence suggests that genetic variability in transport
and metabolic pathways may influence DHA brain uptake. Although data on MFSD2A
polymorphisms in humans remain limited, emerging evidence suggests that metabolic
conditions such as maternal obesity may affect placental lipid transport mechanisms,
potentially altering DHA availability to the fetal brain.

Beyond its structural role in neuronal membranes, DHA exerts neurodevelopment
effects through membrane-dependent signaling and epigenetic regulation. DHA promotes
the synthesis of bioactive mediators, which contribute to neurogenesis, synaptic plasticity
and anti-inflammatory responses within the developing brain [16]. These processes occur
within a highly dynamic epigenetic framework, where DNA methylation, chromatin
modifications, and non-coding RNAs regulate gene expression during critical periods of
brain development [20].

DHA is a dominant fatty acid of retinal phospholipids and affects rhodopsin content
at discs, as well as photoresponses: to be included in retinal phospholipids, DHA is
first activated to DHA-CoA and then it is esterified, obtaining phosphatidic acid (PA) by
lysophosphatidic acid acyltransferase 3 (LPAAT3). LPAATS3 is expressed in DHA-rich
tissues, such as retinas, which contain high amounts of DHA-containing phospholipids
(PL-DHA). Experimental studies in animal models assert LPAAT3 deficiency dramatically
lowers PL-DHA levels in the outer segment (OS) of photoreceptors and impairs visual
functions [21]. In fact, examining the organization of rhodopsin and the structure of
photoreceptor cell membranes in mice, it was seen DHA deficiency can impair vision due
to photoreceptor cell dysfunction, which is caused by reduced activity of rhodopsin [22].
These findings provide a biological basis for clinical observations linking DHA status
to early visual development, suggesting that adequate DHA availability during critical
periods may be essential for optimal visual function in infancy.

Experimental n-3 LCPUFA deficiency during pregnancy and lactation in animal mod-
els is associated with adverse outcomes in offspring, including impairments in visual
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function, learning, memory, and motor development. Conversely, maternal DHA sup-
plementation during pregnancy has been shown to increase brain DHA content in the
offspring and to improve neurodevelopmental outcomes in mice [23,24].

DHA, ARA and EPA are substrates for the biosynthesis of eicosanoids, including
prostaglandins, thromboxanes and leukotrienes via the cyclooxygenase (COX) and lipoxy-
genase (LOX) pathways. These lipid mediators regulate vascular tone, inflammatory
responses, and cellular signaling pathways. Beyond this role, experimental studies have
demonstrated that DHA directly promotes the activation of membrane-associated G-
protein-coupled receptor (GPR) 120 and GPR 40 activation and anti-inflammatory sig-
naling. DHA downregulates the pyrin domain-containing 3 (NLRP3) inflammasome and
activates peroxisome proliferator-activated receptors (PPAR) upregulating PPAR-targeted
genes, improving insulin sensitivity, and reducing plasma triglyceride levels and inflam-
mation [25,26].

DHA and #n-3 LCPUFA are not only constituents of lipid bilayer membrane, but they
are also metabolized in specific bioactive mediators such as docosanoids and elovanoids,
which play a key role in the regulation of cellular homeostasis [27,28].

These anti-inflammatory pathways are particularly relevant in early life, where dysreg-
ulated inflammatory responses contribute to major neonatal morbidities such as necrotizing
enterocolitis and bronchopulmonary dysplasia.

Collectively, these biochemical and physiological properties underpin the critical
role of DHA in brain development, visual function, immune regulation, and metabolic
homeostasis during early life.

4. DHA: Influence During the First 1000 Days

DHA is considered crucial throughout the lifespan, particularly during pregnancy and
breastfeeding, as it plays a fundamental role in neurodevelopment, visual development,
and in establishing the foundations for cognitive and behavioral functions [2]. It is central
to several pathophysiological mechanisms underlying immune function, visual acuity
development, and neurodevelopment in newborns [29,30].

Both DHA and ARA are selectively transported across the placenta. Placental transfer
of LCPUFA occurs predominantly during the third trimester, and brain accumulation is
considerable. Maternal DHA, omega-3, and overall PUFA status during pregnancy is
further influenced by multiple sociodemographic, lifestyle, dietary, and genetic factors,
including pre-pregnancy BMI, diabetes, hypertensive disorders of pregnancy, interpreg-
nancy interval, primiparity, and gestational weight gain. These factors act synergistically,
influencing maternal DHA status through complex metabolic and physiological pathways.
For example, dietary intake, genetic variability, and metabolic conditions such as obesity or
gestational diabetes may collectively affect DHA synthesis and placental transfer. Notably,
some of these factors, particularly maternal obesity and gestational diabetes mellitus (GDM)
have also been shown to influence the efficacy of DHA supplementation, as discussed in
subsequent sections. Maternal DHA concentrations increase across gestation, although the
relative proportion of DHA among total lipids declines due to preferential placental transfer
to the fetus. Consequently, the fetus—particularly during the third trimester—is highly
dependent on adequate maternal DHA stores. When this phase is disrupted (e.g., late or
very preterm birth, gestational diabetes mellitus, obesity, low-DHA diet), the newborn
begins life at a disadvantage and should be supported with appropriate nutrition [31]. In
preterm infants, gestational age (GA) correlates directly with ARA and DHA levels during
the first week of life; those born at the lowest gestational ages are at highest risk of essential
fatty acid deficiency [1,32-34].
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Sinclair et al. identified three notable examples indicative of n-3 PUFA insufficiency,
all pertaining to newborn populations. These included: (1) elevated 22:51-6/DHA ratios—
an established biomarker of DHA deficiency, reflecting a compensatory increase in n-6
docosapentaenoic acid (DPAn-6, 22:5n-6) when DHA availability is insufficient—in the
cord arterial tissue of infants born to Hindu vegetarian women residing in London (UK);
(2) elevated 22:5n-6/ DHA ratios in newborns fed low-n-3 PUFA infant formulas in the UK
and Australia; (3) extremely low DHA content in breast milk samples collected from women
in northern Sudan, attributed to markedly unbalanced maternal diets. Together, these
findings highlight the vulnerability of neonates to maternal dietary n-3 PUFA inadequacy
and the critical importance of sufficient DHA intake during pregnancy and lactation [35].

Basak et al. conducted a review highlighting the central role of maternal PUFAs and the
n-3/n-6 balance in shaping placental epigenetic regulation and fetal brain development. The
authors describe how 1n-3 PUFAs influence angiogenesis, uteroplacental architecture, and
DNA methylation processes. In contrast, diets low in n-3 and disproportionately high in n-6
fatty acids are associated with adverse placental epigenetic modifications, reduced placental
transfer of long-chain PUFAs to the fetus, and increased risks of intrauterine growth
restriction (IUGR), preeclampsia, and unfavorable neurodevelopmental outcomes [36].

Dietary patterns and maternal characteristics during pregnancy and lactation appear
to be important modifiers of DHA-related neurodevelopmental outcomes, growth and
adiposity indices, risk of allergy, asthma and eczema [37]. In the last decade, a substan-
tial body of observational studies, randomized controlled trials (RCTs), and systematic
reviews has investigated the role of maternal and early-life DHA exposure on offspring
neurodevelopment, yielding heterogeneous and sometimes conflicting results.

For example, a recent secondary analysis of the PANDA study investigates the role of
maternal neuroprotective nutrients such as DHA, choline, and carotenoids in infant brain
function during early postnatal life, supporting a synergistic effect and underscoring the
importance of adequate maternal intake of neuroprotective nutrients during pregnancy [38].

Major dietary sources of DHA include seafood and high-fat fish, whereas plant-based
foods such as chia seeds, flaxseed, and walnuts provide «-linolenic acid (ALA), a precursor
of DHA. Additional sources of ALA include vegetable oils such as canola, soybean, and
perilla oil. The balance between LA and ALA intake is critical, as these fatty acids compete
for the same enzymatic pathways, influencing endogenous DHA synthesis (Figure 1).

Nutrition during the first 1000 days of life is considered one of the most influential
determinants of child development. Within this framework, DHA intake recommendations
during this critical window vary across developmental stages, as shown in Figure 2.
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[ )
N-3 Fatty Acids:
([ ]
DHA and its precursor ALA
Food sources
milk fatty fish fish oil flaxseed chia seeds walnuts
SOURCE CATEGORY N-3 FATTY ACID CONTENT
7-28 days postnatal age:
Human milk Milk 0.50 % DHA of total fat
>28 days postnatal age:
0.40 % DHA of total fat
Salmon Fish 130 g DHA/100 g
Mackerel Fish 1.25g DHA/100 g
Standard fish oil Qil 120 mg DHA /g oil
Fish oil concentrate (45%) Oil 180 mg DHA /g oil
Fish oil concentrate (60%) Qil 240 mg DHA /g oil
5337 g ALA/100 g
Flaxseed Seed (LA/ALA ratio: ~0.2-0.3:1)
. 1783 g ALA/100 g
Chia seeds Seed (LA/ALA ratio: ~0.3:1)
) ) 60 g ALA/100g
Perilla oil (LA/ALA ratio: ~0.2-0.3:1)
. 9.14 g ALA/100g
Canola Oil (LA/ALA ratio: ~2:1)
104 g ALA/100 g
Walnuts Nut (LA/ALA ratio: ~4:1)
. . 6.79 g ALA/100g
Soybean oil 0il (LA/ALA ratio: ~7-8:1)

Figure 1. N-3 Fatty Acids: DHA and its precursor ALA food sources [6,39-41].

As a key structural component of the human brain and retina, DHA is essential for
adequate brain formation, synaptogenesis, neuronal myelination, visual and prefrontal cor-
tex development, and cognitive performance, and it also has a neuroprotective role [42,43].
DHA has been identified as critical for neurodevelopment during the first 1000 days, ac-
cumulating in neural tissues from the third trimester through the first 24 months of life.
Increasing evidence in the literature indicates that sufficient concentrations of DHA are
required from the fetal period through to early childhood to support optimal neurolog-
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ical development [44]. Inadequate nutritional intake during this window and omega-3
deficiency are associated with poorer developmental outcomes, mood disorders, attention
deficits and impaired concentration, even when nutritional status is later restored [45-48].
Brain LCPUFAs levels in the offspring much depend on maternal PUFAs intake. Adequate
DHA supply during the perinatal period is critical for optimal central nervous system
development and function. Conversely, dietary n-3 LCPUFAs deficiency has been shown
to impair neuronal plasticity. Beluska-Turkan et al. highlighted nutritional and knowledge
gaps regarding nutrition and supplementation for the first 1000 days, emphasizing that
omega-3 fatty acids are required for brain and eye development [49]. Public health poli-
cies should underline access to quality food for preconceptional, pregnant, and lactating
women [50,51].

Basak et al. pointed out that low maternal DHA levels are associated with an increased
risk of cognitive and behavioral impairments in offspring, and recommended a maternal
intake of at least 250-500 mg/day of n-3 LCPUFAs to support optimal fetal development.
If the mother reaches late pregnancy with low DHA stores, especially in high-risk preg-
nancies, the infant may start life with a neurodevelopmental disadvantage [52]. Similarly,
Dervarshi et al. reported that both gestational diabetes mellitus (GDM) and preeclampsia
are associated with altered maternal omega-3 status, disruptions in placental n-3 LCPUFA
metabolism, and reduced cord blood #n-3 LCPUFA concentrations, perturbations which
may adversely influence infant neurodevelopment and contribute to impaired brain health
later in life [53].

In a review examining the roles of DHA and ARA during pregnancy and lactation,
with a particular focus on gestational obesity, Mufioz et al. reaffirmed the importance
of these long-chain PUFAs for visual and cognitive development as well as for early
growth. The authors highlight that maternal obesity and diets characterized by an elevated
n-6/n-3 PUFA ratio can adversely modify both placental and breast milk lipid profiles, with
downstream effects on breastfeeding duration and child growth trajectories. Evidence also
indicates that n-3 PUFA supplementation, such as fish oil, in obese pregnant women may
improve offspring cognitive outcomes and maternal-infant inflammatory profiles [54].

DHA is also a structural component of immune cell membranes, exerting immunomod-
ulatory effects through multiple, interrelated biological pathways [55]. DHA exhibits
antioxidant, anti-inflammatory, antiangiogenic, and antiproliferative properties [56-58].

Growing evidence suggests that maternal supplementation with n-3 long-chain
polyunsaturated fatty acids (LCPUFAs) during pregnancy and breastfeeding may reduce
the risk of allergic disease in offspring (e.g., eczema in children), likely through the anti-
inflammatory properties of n-3 LCPUFAs [59,60]. Richard et al. conducted a systematic
review highlighting the role of DHA in immune system development. Evidence from
nutritional intervention studies indicates that maternal fish oil supplementation during late
pregnancy and/or lactation, as well as the use of infant formulas enriched with DHA and
ARA, can modulate immune biomarkers and support the establishment of oral tolerance
during the first year of life [61].

Although both #n-6 and n-3 LCPUFAs are required for normal cardiac development,
excessive n-6 intake promotes pro-inflammatory and pro-thrombotic pathways and may
disrupt fetal cardiac endocannabinoid signaling, thereby potentially increasing long-term
cardiovascular risk [62].

It was also seen that alcohol reduces maternal-fetal DHA levels but, simultaneously, n-
3 PUFA and especially DHA can have protective role as partial neuroprotection mitigating
FASD-related effects (oxidative stress, inflammation, synaptic plasticity) [63,64].
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https://doi.org/10.3390/nu18081178

Nutrients 2026, 18, 1178

9 of 32

DHA

Recommendations during the first 1000 days of life

250 mg/day DHA + EPA

+

100-200 mg/day DHA

30-65 mg/Kg/day

Recommended
@ ARA intake
30-100 mg/kg/day
to achieve an optimal

ARA:DHA ratio of 0.5-2

Pregnancy Preterm Term Infant :(\/\
and infant and i lﬁ'ﬁ'?
Lactation Childhood ! 3

(to 2 years of age)

250 mg/day DHA + EPA

+

100 mg/day DHA

(SINU 2024)

or

(ESPGHAN 2022)

100 mg/day DHA
(EFSA 2017)

Figure 2. DHA recommendations during the first 1000 days of life [40,41,65-67].

4.1. DHA During Pregnancy and Lactation

Maternal DHA status has emerged as a critical determinant of fetal neurodevelopment,
influencing not only brain maturation but also birth weight, early growth trajectories, and
the long-term risk of obesity and metabolic dysfunction in offspring.

Maternal diet, body weight, and lifestyle factors may significantly influence in-
fant immune function, organ development, and metabolic programming during the first
1000 days of life [68]. The effect of n-3 LCPUFAs supplementation—including dosage—in
healthy pregnant women, on birth weight and subsequent childhood weight, have been
extensively investigated.

A dietary source of DHA is required during pregnancy and lactation to include the
needs of both the mother and the infant. According to current nutritional guidelines, DHA
requirements increase by approximately 100-200 mg/day during pregnancy, in addition
to the baseline recommended intake of 250 mg/day of combined EPA and DHA, thus
referring to total daily intake rather than supplemental dose alone. To meet these needs,
women of childbearing age are advised to consume one to two servings of fish per week,
preferably including fatty fish (e.g., mackerel, salmon, eel, herring) or semi-fat fish (e.g.,
mullet, carp, sardines), which are naturally rich in DHA. When habitual fish consumption is
low or absent, direct DHA supplementation of 100-200 mg/day is recommended, including
during the puerperium, in line with national dietary guidelines (SINU) [65-67].

Massari et al. conducted a randomized controlled trial in which 176 pregnant women
were allocated to receive either a multiple micronutrient supplement (MMS) plus DHA or
no supplementation. Participants in the intervention group received a daily soft-gel capsule
containing 12 vitamins, six minerals, and 200 mg of DHA, designed to meet nutritional
requirements during pregnancy. Supplementation was initiated between 13 and 15 weeks
of gestational age and continued until delivery. The intervention complemented habitual
dietary intake and resulted in a significant improvement in maternal DHA status. However,
the study lacked a placebo group and was conducted in an unblinded manner [69].

Additional insights are provided by studies on dietary sources of DHA. Khor et al.
evaluated DHA content in breast milk, which directly reflects maternal diet. Their findings
support recommendations for balanced PUFA intake during pregnancy and lactation to
promote optimal fetal and childhood growth and development. They further noted that
reduced maternal fish consumption can lead to an altered n-6/n-3 ratio, with potential
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consequences for infant brain development [70]. In line with these findings, Hibbeln et al.
reported in their systematic review that maternal fish consumption during pregnancy is
consistently associated with improved neurocognitive outcomes in offspring, supporting
the role of dietary sources of n-3 LCPUFAs in early brain development [71].

Nevins et al. examined the impact of n-3 LCPUFA supplementation during preg-
nancy and/or lactation on child neurodevelopment in a systematic review addressing
domains such as language, motor skills, socio-emotional functioning, and neuropsychiatric
outcomes. They concluded that evidence remains insufficient and inconsistent, largely
due to limited data on supplementation during lactation alone or combined pregnancy-
plus-lactation interventions. While omega-3 intake during pregnancy may confer modest
cognitive advantages, the authors emphasized that DHA is not a ‘smart pill” and neurode-
velopment ultimately requires structured follow-up, adequate caregiving environments,
and enrichment beyond nutritional interventions [72].

During the pregnancy, several factors influence the onset of preeclampsia or preterm
delivery: there are many strategies that can be implemented to reduce the risk. Among
these, n-3 PUFAs supplementation has been studied, but evidence regarding the effective-
ness of it in preventing preterm delivery or preeclampsia is mixed: many studies have
shown a positive association between maternal n-3 PUFAs status during pregnancy and
reduced risks of preeclampsia, preterm births and low birth weight [53,73-83], whereas
others report no reduction in preterm birth rates following supplementation [84]. Best et al.
summarized in the ISSFAL statement the available evidence pertaining to the effect of di-
etary omega-3 LCPUFA during pregnancy on preterm birth, evidencing that using perinatal
commercially available products containing the recommended DHA level of 200 mg/day
may not be sufficient to elevate maternal, placental, or fetal DHA concentrations compared
to non-supplemented levels in normal-weight women. In contrast, in high-BMI women,
supplementing DHA 200 mg/day was sufficient to increase DHA status in the maternal
and fetal RBCs [85]. This finding may reflect differences in baseline DHA status, lipid
metabolism, and distribution volume. Women with a higher BMI may have lower baseline
DHA levels or altered lipid turnover, making them more responsive to supplementation
at standard doses. Conversely, normal-weight women with a relatively higher baseline
DHA status may require higher intakes to achieve measurable increases. In this context,
baseline nutritional status and metabolic conditions should be carefully considered when
evaluating the efficacy of DHA supplementation.

Maternal #-3 PUFA intake has also been shown to reduce offspring adiposity by
modulating glucose and lipid metabolism and influencing fetal thermogenic development
and skeletal growth dynamics [86].

Observational studies assessed associations between maternal or neonatal n-3 LCP-
UFAs or trans-fatty acid (TFA) and birth weight and weight during childhood. Evidence
supports a positive relationship between maternal or neonatal n-3 LCPUFAs status and
both birth weight and weight trajectories into childhood. This association was most ap-
parent with higher-dose DHA and/or EPA supplementation, specifically at intakes of
approximately 650 mg/day [87].

An observational study conducted in the Bogor district of Indonesia enrolled
142 women in their third trimester and followed them through delivery. The authors
reported that low maternal intake of n-3 LCPUFAs, reflected in an elevated n-6/#-3 ratio,
may contribute to the pathogenesis of several diseases. Higher maternal dietary DHA
intake was associated with a lower infant fat mass at birth, whereas greater intake of total
fat and n-6 PUFAs correlated with increased neonatal adiposity at specific anatomical sites.
The increase in n-3 LCPUFAs intake during pregnancy is suggested to be confer benefits on
offspring body composition [88]. Indeed, as discussed by Shrestha et al., the high intake of
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n-6 PUFAs typical of Western diets may influence fetal programming by impairing fetal
growth and predisposing offspring to obesity and metabolic dysfunction later in life [62].

Meher et al. conducted a longitudinal study enrolling pregnant women and assessing
maternal erythrocyte DHA across gestation. Maternal erythrocyte DHA at T1 (16-20 weeks’
gestation) was positively associated with infant birth weight. Women who delivered low-
birth-weight (LBW) infants exhibited higher maternal erythrocyte total omega-6 LCPUFAs
and ARA levels at T2 (26-30 weeks’ pregnancy) as well as lower erythrocyte n-3 LCPUFAs
and higher n-6 and saturated fatty acid (SFA) levels at delivery [89].

A recent study investigated the associations between maternal and cord plasma fatty
acid profiles at delivery, birth size, and child anthropometry at 3-7 years of age. Kadam et al.
recruited a large Indian mother—child cohort. Mothers delivering small-for-gestational-age
(SGA) infants exhibited lower total PUFAs, higher monounsaturated fatty acids (MUFAs),
and an increased A6-desaturase index, while cord blood DHA and total n-3 PUFA levels
were paradoxically higher in SGA infants. At follow-up, children born SGA showed persis-
tently lower anthropometric measures, including BMI and circumferences. Importantly, a
higher maternal n-6/n-3 ratio was positively associated with greater offspring adiposity,
and cord A6-desaturase activity was independently associated with increased skinfold
thickness. These findings suggest that maternal PUFA imbalance during pregnancy—
particularly a higher n-6/n-3 ratio and altered desaturase activity—may influence fetal
growth patterns and program adiposity risk in early childhood, underscoring the relevance
of fatty acid quality during gestation [90].

The effects of maternal DHA and n-3 LCPUFAs status on offspring behavioral and
cognitive outcomes have been extensively investigated. Overall, while biological plausibil-
ity and observational data consistently support a role for DHA in early brain development,
randomized controlled trials have yielded heterogeneous and often inconsistent results,
particularly for long-term cognitive and behavioral outcomes.

LCPUFAs have been implicated in neurodevelopmental disorders, with evidence
suggesting that maternal PUFA imbalances, in particular, an elevated maternal n-6 /-3 ratio,
has been associated with suboptimal neurodevelopmental outcomes and may increase the
risk of autism spectrum disorder (ASD), attention-deficit/hyperactivity disorder (ADHD),
and schizophrenia [62].

Ramakrishnan et al. conducted a randomized, placebo-controlled trial in which
1094 pregnant women were assigned to receive either 400 mg/day of DHA or placebo from
18-22 weeks’ gestation until delivery. Cognitive performance, behavioral functioning, and
attentional outcomes were assessed in 797 offspring at 5 years of age using the McCarthy
Scales of Children’s Abilities (MSCA), the parental scale of the Behavioral Assessment
System for Children, Second Edition (BASC-2), and the Conners’ Kiddie Continuous
Performance Test (K-CPT). The findings indicated that DHA supplementation during the
second half of pregnancy may improve sustained attention in offspring beyond infancy, but
limitations, such as the lack of direct measures of DHA status and the absence of detailed
information on the quality of the child’s learning environment, could have influenced these
results [91].

In a double-blind, randomized, placebo-controlled trial, Sass et al. investigated n-
3 LCPUFAs supplementation during the third trimester of pregnancy within the COP-
SAC2010 mother—child cohort, which included 736 Danish women and their children. The
primary outcome of the intervention was the incidence of recurrent asthma-like symptoms.
Maternal n-3 LCPUFA supplementation was associated with earlier attainment of gross
motor milestones in boys, enhanced cognitive performance at 2.5 years of age, improved
early language development, and a reduced impact of emotional and behavioral difficulties
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at 6 years. The observed sex-specific differential responses to supplementation may reflect
variations in essential fatty acid metabolism [92].

Tarui et al. explored the placenta-brain lipid axis, with particular emphasis on DHA,
and its relevance to neurodevelopmental disorders such as ADHD and ASD. Their findings
indicate that low maternal DHA status and maternal obesity are associated with increased
risks of ADHD and ASD in offspring [93]. Because the placenta tightly regulates #n-3
LCPUFA transfer to the fetus, maternal obesity and systemic inflammation may impair
this process, resulting in suboptimal fetal DHA supply. Emerging evidence also suggests
that n-3 supplementation during pregnancy may partially mitigate the adverse effects of
maternal obesity on placental lipid metabolism [71].

However, evidence is still controversial: the impact of DHA interventions during
the first 1000 days of life on child behavioral functioning was reviewed in 2021 by Gould
et al.,, who examined RCTs, and found that prenatal or early postnatal DHA supplemen-
tation does not improve later child behavioral functioning and in some large trials, DHA
supplementation reports worse outcomes (e.g., irritability, attention problems) [48].

DHA supplementation during pregnancy has been examined regarding its influence
on brain maturation and visual development. Colombo et al. conducted a randomized trial
in which pregnant women received either 800 mg or 200 mg of DHA daily, and their infants
were later assessed using a visual habituation protocol augmented with simultaneous
measurement of heart rate at 4 and 6 months of age. Visual habituation was evaluated by
quantifying infants’ visual and cardiac responses to repeated stimulus presentations. Their
findings suggest potential benefits of DHA doses higher than currently recommended
levels, but this work is limited by sample attrition over time, which was exacerbated by
the COVID-19 pandemic [94]. The importance of DHA in visual and cognitive pathways is
further explored by Mun et al. in a review examining the combined roles of choline and
DHA during pregnancy and lactation. They highlighted their synergistic contributions
to brain and visual development, emphasizing that deficiencies in either nutrient may
exacerbate neurovisual impairment [95].

Observational evidence consistently supports the biological plausibility of DHA as
a critical determinant of early brain development. Recent trials provide mixed findings.
While observational studies consistently support an association between maternal DHA
status and neurodevelopmental outcomes, randomized controlled trials have not uniformly
confirmed these findings. Khandelwal et al. in the DHANI protocol compared the effect of
DHA supplementation (400 mg/day) versus placebo in pregnant women from <20 weeks
of gestation to 6 months postpartum on neurodevelopment at 6 and 12 months, assessed
using the Development Assessment Scale for Indian Infants (DASII). The findings indicated
that prenatal DHA supplementation, when continued into the postnatal period, was asso-
ciated with improved neurodevelopmental outcomes at 1 year of age [96]. These results
suggest that sustained prenatal and postnatal DHA exposure may be beneficial in early
infancy, particularly in nutritionally vulnerable populations.

However, Gustafson et al., comparing high-dose (800 mg/day) versus standard-dose
(200 mg/day) prenatal DHA supplementation in a randomized, longitudinal, double-blind,
single-center Phase III superiority trial, showed that high-dose prenatal DHA supplemen-
tation increased maternal-infant DHA equilibrium in a dose-dependent manner. This
biochemical improvement was not associated with differences in fetal neurodevelopmental
indices, such as fetal heart rate variability or fetal autonomic brain age scores at 32 and
36 weeks’ gestation. The COVID-19 pandemic and related shutdowns resulted in an at-
trition exceeding expectations, preventing the study from reaching the planned sample
size for the fetal autonomic brain age score (fABAS) outcome [97]. Likewise, another
randomized trial of prenatal n-3 LCPUFA supplementation, evaluating cognitive and be-
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havioral outcomes at 12 years of age, similarly reported no significant long-term effects of
the intervention [98]. Gawlik et al. reviewed 29 randomized controlled trials evaluating the
effects of DHA supplementation during the first 1000 days of life on language development
in children. Only four trials demonstrated a positive effect on a language outcome: three of
them originated from the same trial, indicating that evidence of benefit is limited [99].

About the link between neurodevelopment and DHA-maternal status, Gulliot et al.
assessed whether high-dose maternal DHA supplementation in breastfed, very preterm
infants improves neurodevelopmental outcomes at 18-22 months’ corrected age (CA) in
a follow-up of a randomized, double-blind, placebo-controlled multicenter trial. In the
original trial, lactating mothers of infants born before 29 weeks’ gestation were enrolled
and randomized within 72 h of delivery to receive either DHA-rich algal oil or placebo
until 36 weeks’ postmenstrual age. Neurodevelopment was examined using the Bayley
Scales of Infant and Toddler Development, Third Edition (Bayley-III). Maternal DHA
supplementation did not result in overall improvements in neurodevelopmental outcomes;
however, subgroup analyses suggested a potential benefit in language development among
infants born before 27 weeks’ gestation [100].

Furthermore, Shahabi et al., using data from the longitudinal ECLIPSES cohort, ex-
amined maternal n-6/n-3 status in 336 mother—infant pairs and its association with early
neurodevelopment. A higher n-6/n-3 ratio in the third trimester was significantly associ-
ated with poorer motor development on the BSID-1II, including deficits in fine motor skills,
whereas no significant associations were observed in the first trimester. These findings
suggest that excessive omega-6 intake in late pregnancy may impair early motor devel-
opment, underscoring the importance of correcting PUFAs imbalances before the third
trimester [101]. Similarly, Herrera et al. examined the nutritional implications of PUFAs
intake during pregnancy and the neonatal period, emphasizing the central role of DHA
and ARA in brain and retinal development as well as overall growth. Based on available
evidence, the authors recommended a maternal intake of >300 mg/day of DHA during
pregnancy and 200 mg/day during lactation. They noted that the risk of DHA deficiency is
heightened in individuals following restrictive diets, particularly vegetarian or vegan diets
without supplementation, and highlighted the importance of assessing maternal PUFAs
intake while considering potential oxidative stress risks associated with excessively high
doses [25].

The effects of DHA on neurodevelopment appear domain-specific. While some studies
report benefits in early attention and visual processing, evidence for improvements in
global cognition, language, and behavioral outcomes remains inconsistent. This variability
likely reflects heterogeneity across studies, including differences in baseline maternal DHA
status, supplementation timing and duration, dosage, and population characteristics (e.g.,
nutritional status and maternal obesity). In addition, variability in outcome measures and
follow-up duration further limits comparability.

Importantly, neurodevelopment is influenced by multiple non-nutritional factors—
such as caregiving quality, socio-economic conditions, and early environmental stimulation—
which are often not adequately controlled for, complicating the interpretation of interven-
tion studies.

Regarding dosage, lower intakes (200-300 mg/day), consistent with current recom-
mendations, are generally associated with limited or inconsistent benefits, whereas higher
doses (>400-800 mg/day) may confer modest improvements in early neurovisual and
attentional outcomes.

Overall, current evidence does not support routine high-dose DHA supplementation
during pregnancy to improve long-term neurodevelopmental outcomes, although potential
benefits may exist in specific high-risk populations.
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Emerging research is exploring multimodal nutritional strategies during pregnancy
and their correlation on offspring.

Bragg et al. evaluated choline and DHA supplementation during pregnancy in low-
and middle-income countries, reflecting growing interest in multimodal nutritional inter-
ventions that target DHA-related pathways [102].

The NUHEAL follow-up study by Azaryah et al. evaluated the long-term effects
of maternal fish oil (FO) and/or 5-methyl-tetrahydrofolate (5-MTHF) supplementation
throughout pregnancy on offspring brain functionality at 9.5-10 years of age. Participants
were clustered into two groups: the first one included 33 children from the FO group (FO or
FO + 5-MTHF), while the second one included 24 children from the No-FO group (5-MTHF
alone or placebo). Functional magnetic resonance imaging (fMRI) acquisitions showed
FO, but not 5-MTHE, supplementation during the second half of pregnancy is associated
with decreased functional connectivity of children’s brain networks at 9.5-10 years of age.
These findings suggest that maternal FO supplementation may modulate the maturation
of resting-state brain networks and exert long-term effects on cognitive processing in
offspring [103].

Both prenatal and early postnatal windows appear to be critical periods dur-
ing which fatty acid exposure may shape immune development through long-lasting
programming effects.

Rodriguez-Santana et al. conducted a double-blind RCT in which 46 pregnant women
received either a fish oil-enriched drink (320 mg/day DHA + 72 mg/day EPA) or a control
from 28 weeks’ gestation through 4 months postpartum. Maternal n-3 LC-PUFA supple-
mentation was associated with higher anti-inflammatory cytokines (IL-4, IL-10 and IL-2),
lower maternal IL-6 levels inversely correlated with plasma DHA, and reduced infant
TNF-« at birth and 2.5 months, indicating a shift toward an anti-inflammatory immune
profile in early life [104]. In the preterm population, Valentine et al. further showed that
maternal DHA supplementation with 1000 mg/day DHA increases breast milk DHA con-
tent to levels approximating third trimester accretion, and this is associated with reduced
inflammatory markers in both mothers and infants [105]. Importantly, randomized trials
have demonstrated that maternal fish oil supplementation reduces T-helper 2 immune
responses in offspring and lowers the risk of persistent wheezing and asthma, particularly
among children born to mothers with low baseline n-3 status [106].

However, not all findings are uniform. In the Seychelles Child Development Study
Nutrition Cohort 2, a large observational study in a population with habitually high fish
consumption, the authors investigated associations between maternal and child fish intake,
PUFA concentrations, and childhood asthma. Fish intake was assessed by questionnaire,
while PUFA concentrations were measured in maternal serum at 28 weeks’ gestation and in
cord blood at delivery. Childhood asthma at 7 years of age was assessed using the ISAAC
questionnaire. High maternal fish consumption during pregnancy was not associated with
asthma in offspring. In contrast, elevated cord blood DHA concentrations were linked to
a higher asthma prevalence—an unexpected finding that warrants further exploration of
underlying mechanisms [107].

These discrepancies may be explained by several factors: while randomized controlled
trials support an immunomodulatory role for DHA, characterized by reduced inflammatory
responses and lower risk of wheezing, observational findings highlight the complexity of
immune programming and suggests that baseline dietary patterns, genetic susceptibility,
and environmental context may modify the effects of DHA exposure.

The progressive increase of LCPUFAs in fetal blood and tissues relative to maternal
levels has been described as “bio-magnification”. After birth, the post-natal accumulation of
LCPUFAs in infant tissues depends largely on maternal transfer through breastmilk, which
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naturally contains DHA and ARA. Yalagala et al. investigated molecular form of DHA and
its influence on DHA concentration in human milk and its transfer to the offspring. They
concluded lysophosphatidylcholine-DHA was more effective than triacylglycerol-DHA in
enriching milk DHA and it could be considered as a new strategy to increase milk DHA
content and to potentially improve brain and retinal health in infants [108]. Formula-fed
infants maintain overall LCPUFAs percentages through compensatory incorporation of n-6
LCPUFAs; however, this process is incomplete in formula-fed preterm infants [29,109].

DHA concentrations in breast milk are influenced by the dietary linoleic acid (LA) to
a-linolenic acid (ALA) ratio, which is often altered in maternal obesity. Obese mothers
typically exhibit an increased n-6/1-3 PUFA ratio and reduced levels of key n-3 LCPUFAs,
including ALA, EPA, and DHA. These alterations may adversely affect infant immune
maturation and neurodevelopment, highlighting the impact of maternal obesity on breast
milk quality [110]. A randomized trial among French lactating women compared three
groups supplemented through food products with ALA (enriched margarine and rapeseed
oil) for 15 days to the control group consuming olive oil. While breastmilk DHA levels did
not differ between groups, LA and ALA levels varied: the lowest LA-ALA ratio (5.5) in
breastmilk was observed in the group receiving enriched margarine and rapeseed oil. In
this group, breast milk DHA levels were approximately 0.60% of total fatty acids [111].

He et al. conducted a double-blind, randomized, placebo-controlled parallel trial to
evaluate whether DHA supplementation during pregnancy increases DHA concentrations
in colostrum among Chinese women, and to assess whether continued postpartum supple-
mentation is required to sustain DHA levels throughout lactation. In this cohort, maternal
supplementation with 100 mg/day of DHA beginning in the third trimester significantly
elevated DHA concentrations in colostrum. However, this dosage appeared insufficient
to maintain DHA levels beyond the colostrum period. Moreover, maternal DHA supple-
mentation was associated with alterations in the gut microbiota, specifically Lactobacillus
abundance at 42 days postpartum in both mothers and their infants [112]. Similarly, Ueno
et al. investigated the role of maternal diet and DHA concentration in human breast milk
among Japanese women, concluding that it may be influenced by diet [113].

See Table S1 in Supplementary Materials, which highlights key study findings about
DHA status and its supplementation during pregnancy and lactation.

4.2. DHA and Preterm Population

Preterm infants are particularly vulnerable to DHA deficiency due to multiple factors,
including the interruption of fetal DHA accretion that normally occurs during the third
trimester of pregnancy. Although both maternal DHA supplementation and direct postnatal
DHA administration to the infant have been implemented with some success, uncertainty
remains regarding the optimal dosage and the most effective mode of DHA delivery [114].

Optimal early nutrition, ensuring sufficient intake of both macronutrients and mi-
cronutrients, is fundamental for normal brain development. Moreover, enhanced nutri-
tional support during the first weeks after birth has the potential to improve long-term
neurodevelopmental outcomes [115,116].

A Position Paper from the ESPGHAN Committee on Nutrition about Enteral Nutrition
in Preterm Infants in 2022 recommends a DHA intake from 30 to 65 mg/kg/day, providing
sufficient intake of ARA from 30 to 100 mg/kg/day to achieve an ARA:DHA ratio between
0.5 and 2, which is considered to be safe [40,41]. This ratio underscores that DHA supple-
mentation in preterm infants should not be considered in isolation, but rather within the
context of balanced LCPUFA provision.

Several trials consistently showed that enteral DHA supplementation is feasible, well
tolerated, and effective in improving biochemical DHA status in preterm infants, although
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circulating levels often remain lower than those observed in term infants at discharge.
Baack et al. conducted a double-blind RCT to assess the feasibility, tolerability, and efficacy
of daily enteral DHA supplementation (50 mg/day) in conjunction with standard nutrition
for preterm infants born between 24 and 34 weeks’ gestation. Supplementation began
within the first week of life and blood fatty acid profiles were measured at baseline, at
the attainment of full enteral feeding, and near discharge. As expected, preterm infants
exhibited significantly lower baseline DHA levels compared with term peers. Baseline DHA
status may represent a key determinant of response to supplementation. Infants with lower
initial DHA levels may derive greater biochemical and potentially clinical benefit, whereas
those with relatively higher baseline levels may show a more limited response. DHA-
supplemented infants demonstrated a progressive rise in circulating DHA across the study
period, whereas placebo-treated infants receiving standard neonatal nutrition showed
no improvement. Nonetheless, despite supplementation, preterm infants maintained
lower DHA concentrations at discharge than term infants. Overall, daily enteral DHA
supplementation proved feasible, well tolerated, and effective in improving DHA status
and mitigating deficiency in preterm infants [117]. In a randomized control trial, Frost
et al. evaluated whether supplementing 30 very-low-birth-weight neonates in the first
8 weeks of life was sufficient to reduce declines as well as allow increases in whole blood
concentrations. Supplementing 120 mg of DHA + ARA seemed to maintain a steady DHA
status, while blood DHA concentrations increased in infants receiving 360 mg of DHA +
ARA. These differences persisted through 8 weeks of age, with significantly higher DHA
and ARA levels in the LCPUFA-360 group. The supplement was generally well tolerated
across all dosing groups, indicating that higher-dose LCPUFA supplementation is both
feasible and effective in improving fatty acid status in very-low-birth-weight neonates [118].
Marc et al. in their meta-analysis examined two trials including infants born preterm before
29 weeks’ gestation who received high-dose DHA enteral supplementation to achieve
40 mg/kg/day compared with a control group receiving no or low-dose DHA. They found
high-dose DHA in this specific population is not associated with an increased risk of severe
BPD [119].

Early enteral feeding likewise plays a critical role, as it can influence major clinical
endpoints—including necrotizing enterocolitis (NEC) and late-onset infection—by promot-
ing functional maturation of the gastrointestinal tract and shaping microbial colonization
patterns that might otherwise predispose to disease.

Several randomized controlled trials have explored the role of DHA supplementation
in preventing NEC and modulating inflammatory responses in preterm infants. Bernabe-
Garcia et al. in 2021 demonstrated that the enteral administration of 75 mg/kg/day of
DHA starting at the first enteral feed prevents NEC in preterm infants [120]. Similarly,
Abou El Fadl et al. enrolled a total of 67 neonates, with gestational age equal or less
than 32 weeks at birth and weight equal or less than 1500 g, in a prospective randomized
controlled study, to evaluate the impact of DHA supplementation on proinflammatory
cytokines release and the development of NEC in preterm neonates. Neonates were
randomly assigned to DHA group or the control group. Modified Bell’s staging criteria
for NEC were used for diagnosis and staging of NEC. Levels of Interleukin 1 beta (IL-
1b) were measured at baseline and after 10 days. This study suggests that enteral DHA
supplementation could have benefits in reducing NEC incidence in preterm neonates
because of its immunoregulatory effect modulating transcription of regulatory cytokines.
There are two important limits: the study was conducted in a single neonatal intensive care
unit (NICU); only small blood volumes could be safely and ethically obtained from preterm
infants to perform biochemical analyses. [121]. However, systematic evidence indicates
that DHA supplementation alone may increase NEC risk if not combined with ARA,
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highlighting the importance of maintaining an appropriate DHA / ARA balance. Alshaikh
et al. conducted a systematic review examining whether supplementation with DHA alone
may increase the risk of NEC, evaluating the incidence of NEC with placebo-controlled
effects, concluding that the addition of ARA is essential both to achieve the intended
benefits of DHA and to avoid potential adverse consequences associated with insufficient
ARA intake. Accordingly, concurrent ARA supplementation should be considered when
introducing DHA into the diets of preterm infants [122].

Importantly, available evidence suggests that the effects of DHA on NEC may dif-
fer depending on whether it is administered alone or in combination with ARA. While
some studies indicate that DHA supplementation may reduce NEC incidence through
anti-inflammatory mechanisms, other evidence suggests that DHA administered with-
out adequate ARA may increase NEC risk. This highlights the importance of maintain-
ing a physiological DHA /ARA balance, rather than considering DHA supplementation
in isolation.

In addition, postnatal undernutrition—particularly insufficient energy intake dur-
ing the first 4 weeks of life—is an independent predictor of chronic lung disease. These
findings underscore the need for vigilant monitoring and proactive optimization of early
nutritional support in extremely preterm infants who are at high risk for developing bron-
chopulmonary dysplasia (BPD) [123]. Likewise, in the secondary analysis of data from
the ImNuT (Immature, Nutrition Therapy) study, a randomized double-blind clinical trial,
Wendel et al. concluded that administrating ARA and DHA to preterm infants was safe
and could have beneficial effects on respiratory outcomes [124]. Nevertheless, clinical
trials evaluating DHA supplementation for BPD prevention have yielded mixed results.
For example, Marc et al. conducted a placebo-controlled RCT enrolling lactating women
who delivered before 29 weeks of gestation within 72 h of delivery from 16 Canadian
neonatal intensive care units. They found that high-dose maternal DHA supplementa-
tion (1.2 g/day) from delivery to 36 weeks’ PMA did not significantly improve BPD-free
survival in breastfed infants born before 29 weeks’ gestation, although interpretation was
limited by early trial termination [125]. This finding should be interpreted in light of earlier
concerns raised by trials such as N3RO. The N3RO multicenter RCT enrolled 1273 infants
born <29 weeks’ gestation from 13 neonatal centers in Australia, New Zealand and Sin-
gapore, and randomized them within 3 days of their first enteral feed to receive either
an enteral emulsion providing 60 mg/kg/day of DHA or a control soybean-oil emulsion
until 36 weeks’ postmenstrual age, concluding there was no lower incidence of BPD in the
treated group than that in the control [126]. The influence of DHA on the development of
BPD has also been studied in association or not with ARA: Dang et al. in their meta-analysis
concluded enteral supplementation of DHA with or without ARA does not protect against
the onset of preterm complications and increase the risk of BPD [127]. The impact of DHA
supplementation on BPD remains controversial. Differences between earlier trials and
more recent meta-analyses likely reflect heterogeneity in study populations, DHA dose
and formulation, ARA co-supplementation, and outcome definitions. While some studies
reported no benefit, others suggested a potential increased risk, particularly when DHA
was administered without adequate ARA. This may reflect an imbalance in n-3/n-6 fatty
acids, potentially interfering with the physiological inflammatory signaling required for
lung development.

DHA supplementation has been investigated for other prematurity-related compli-
cations, including retinopathy of prematurity (ROP). Pivodic et al. studied DHA sup-
plementation as a therapeutic strategy for preventing severe retinopathy of prematurity
(ROP) [128]. Supplementation showed a protective effect compared to no supplementa-
tion; the authors emphasized the need for confirmation in larger cohorts before definitive
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conclusions can be drawn. Similar results have been shown in this double-blind parallel
clinical trial, which highlighted enteral DHA supplementation can prevent stage 3 ROP
and can reduce the risk of severe ROP [129]. Hellstrém et al. further highlighted that very
preterm infants are at substantial risk of postnatal growth failure, a known contributor to
the development of ROP. Optimizing nutritional intake could potentially promote growth
and reduce ROP as a key preventive approach. Enteral supplementation with both ARA
and DHA appears to be a simple intervention with the potential to reduce the incidence of
ROP in this vulnerable population [130].

Neurodevelopmental outcomes in preterm infants have been investigated across mul-
tiple domains, including structural brain maturation, early cognitive performance, and
long-term behavioral and executive functioning. However, findings remain heterogeneous,
depending on the timing of supplementation, dosage, and duration of follow-up. Very
preterm infants are particularly vulnerable to DHA deficiency due to the interruption of pla-
cental accretion during the third trimester, prompting multiple randomized trials evaluating
postnatal DHA supplementation. However, evidence on long-term neurodevelopmental
benefits remains heterogeneous. Some studies indicate that DHA supplementation may ex-
ert effects on structural brain maturation [31]. A double-blind, randomized controlled trial
clustered infants born before 29 weeks’ gestational age to receive either ARA at 100 mg/kg
and DHA at 50 mg/kg, or medium-chain triglyceride (MCT) supplement from the second
day of life to 36 weeks’ postmenstrual age. The primary outcome of this study was aimed
at evaluating brain maturation by diffusion tensor imaging (DTI) using Tract-Based Spatial
Statistics (TBSS) analysis. This study suggests that supplementation with ARA and DHA at
doses approximating in utero accretion rates enhances white matter maturation compared
with control treatment, but conclusions are limited by small sample size and limited avail-
ability of primary outcome data, which can lead to generalizations, introducing potential
selection bias [131]. Heath et al. studied PUFA and risk of neurodevelopmental deficits
in preterm infants, showing that formulas containing 0.3% DHA + 0.6% ARA determine
better neurodevelopmental outcomes than LCPUFA-free formulas [31].

Nonetheless, not all interventional studies have demonstrated neurodevelopmental
benefits.

A follow-up study of the N3RO trial investigated the latency of distractibility during
focused play at 18 months’ corrected age: results showed no differences between DHA and
control groups in distractibility latency or related attentional measures. A critical limitation
of this follow-up study is the potential selection bias: participating families differed from
the original N3RO cohort and were predominantly of higher socio-economic status. In
addition, Bayle-III scores were not powered to detect group differences [132]. Similarly,
a 5-year follow-up study of very preterm infants who had received high-dose DHA in
the neonatal period determined that high-dose postnatal DHA conferred no measurable
benefits on behavioral functioning or executive abilities at 5 years of age [133]. These
findings suggest that postnatal DHA supplementation alone may be insufficient to modify
long-term neurobehavioral trajectories in very preterm infants, highlighting the importance
of adequate fetal DHA exposure and the broader neonatal clinical context.

The effects of LCPUFAs on neurodevelopment have been investigated in synergy
with choline, uridine-5'-monophosphate (UMP), cytidine-5'-monophosphate (CMP), and
selected micronutrients essential for optimal brain development.

Andrew et al. in the Dolphin neonatal trial, a randomized, double-blind, placebo-
controlled trial, valued as a primary outcome the cognitive composite score (CCS) of the
Bayley Scales of Infant Development, Third Edition (Bayley-III), in neonates with neu-
rodevelopmental impairment risk factors. They found not-improved neurodevelopmental
outcomes in the group treated with nutrient powder formulated to be mixed with breast
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milk, infant formula, or food, containing DHA, EPA, ARA, choline, UMP, CMP, zinc, iodine,
and vitamin B12 compared to the control group. However, interpretation is limited by
several factors, including small sample size, heterogeneity in gestational age and brain
injury etiology, and severity [134].

A follow-up study of the ImNuT trial, a randomized controlled trial enrolling
120 infants born before 29 weeks’ gestational age, was published by Gunnarsdottir et al.
in 2025. They randomized infants into two groups: the first one received an enteral sup-
plementation of both ARA 100 mg/kg/day and DHA 50 mg/kg/day, while the second
received a medium-chain triglycerides supplementation from the second day of life until
36 weeks’ postmenstrual age (PMA). At 2 years’ corrected age (CA), neurodevelopment
was evaluated using the Bayley Scales of Infant and Toddler Development, Third Edition
(BSID-III), and the Peabody Developmental Motor Scales, Second Edition (PDMS-2). The
follow-up analysis showed no significant differences between groups across BSID-III or
PDMS-2 domains, indicating that ARA and DHA supplementation in very preterm infants
did not confer measurable neurodevelopmental advantages at 2 years CA. It is important
to underscore this follow-up study has been limited by the small sample size; in addition,
language scores were unavailable in 17 children, excluded due to a non-Norwegian first
language [135]. These findings are consistent with the broader pattern observed throughout
this review: DHA supplementation in preterm infants appears to improve biochemical
status more consistently than long-term neurodevelopmental outcomes, which remain
heterogeneous across trials.

A study about RCTs involving preterm (<37 weeks’ gestation) or low-birth-weight
(<2500 g) infants, commencing LCPUFA supplementation before term, and reporting neu-
rodevelopmental outcomes, such as neurodevelopmental impairment (NDI), intelligence
quotient (IQ), mental development index (MDI), Psychomotor Development Index (PDI),
motor score, language scores and cognitive scores, included 3620 children from 13 random-
ized controlled trials. It suggests that while LCPUFA supplementation did not provide clear
evidence of long-term improvements in IQ), it may reduce the risk of intellectual disability
in preterm or low-birth-weight infants [136].

Gould J.F. et al. evaluated general intelligence at 5 years of age in children who had
been enrolled in a randomized controlled trial of neonatal DHA supplementation aimed at
preventing bronchopulmonary dysplasia. In the original trial, infants born before 29 weeks’
gestation were randomly assigned in a 1:1 ratio to receive either an enteral emulsion
providing 60 mg/kg/day of DHA or a control emulsion, beginning within the first 3 days
of enteral feeding and continuing until 36 weeks’ postmenstrual age or hospital discharge,
whichever occurred first. For the follow-up study, children from 5 of the 13 participating
centers were invited to undergo neurocognitive assessment at 5 years’ corrected age using
the Wechsler Preschool and Primary Scale of Intelligence (WPPSI). The primary outcome
was the full-scale intelligence quotient (FSIQ). Among enrolled participants, neonatal
supplementation with the DHA emulsion was associated with modestly higher FSIQ scores
at 5 years compared with control feeding, suggesting potential long-term cognitive benefits
of early high-dose DHA exposure [137].

Shepherd et al. conducted a review aimed at evaluating the long-term neurodevelop-
mental and respiratory outcomes associated with DHA supplementation in infants born
before 29 weeks’ gestation. Infants received either direct enteral DHA at >40 mg/kg/day
or breast milk/formula containing >0.60% DHA of total fatty acids. Early cognitive ad-
vantages appear to be sustained; however, the risk of BPD remains a concern and requires
ongoing long-term evaluation. Meta-analysis indicated enteral high-dose DHA in extremely
preterm infants was not associated with differences in global cognition scores; however,
higher scores were observed with the use of a direct emulsion [138].

https://doi.org/10.3390/nu18081178


https://doi.org/10.3390/nu18081178

Nutrients 2026, 18,1178

20 of 32

Overall, while some studies suggest that DHA supplementation may support early
brain maturation and short-term neurodevelopmental outcomes, evidence for sustained
long-term cognitive and behavioral benefits remains limited and inconsistent.

Furthermore, in preterm infants, enteral PUFA intake has been shown to influence
circulating oxylipin profiles, with DHA- and ARA-derived oxylipins inversely associated
with precursor intake, indicating active regulation of the downstream lipid mediators
involved in inflammatory and immune signaling [139]. These findings align with evidence
that DHA, as a structural component of immune cell membranes, modulates immune
function through coordinated effects on eicosanoid synthesis, T-helper cell polarization,
and gene expression [140].

See Table S2 in Supplementary Materials, which highlights key study findings about
DHA in preterm population and the relationship between DHA status and outcome in
this population.

4.3. DHA During Infancy and Childhood to 2 Years of Age

The European Food Safety Authority (EFSA) recommend 100 mg/day of DHA in term
infants and children to 2 years of age, while the Italian Society of Human Nutrition (SINU)
recommends 250 mg/day of DHA + EPA plus 100 mg/day of DHA in infants to the 2nd
birthday [65,66].

DHA accumulates in the brain from the third trimester of pregnancy and predomi-
nantly between birth and 2 years of age [141]. Several studies have explored the influence
of DHA and n-3 LCPUFAs supplementation on early neurovisual outcomes across different
developmental stages.

Tabilo et al. performed a systematic review of randomized controlled trials to ex-
amine the influence of n-3 PUFA supplementation on visual health across the lifespan.
They reported generally more favorable effects in preschool- and school-aged children,
particularly among those with ADHD. Overall, the evidence supports an important role
of DHA in retinal maturation, and, despite some heterogeneity, ensuring adequate n-3
PUFAs intake appears advisable in high-risk settings such as prematurity or low dietary
fish consumption [142].

Significant benefits of supplementation for infant cognitive development and visual
acuity have been investigated by Shulkin et al., in a systematic review and meta-analysis
about n-3 PUFAs supplementation and psychomotor and visual outcomes. Improvements
were most pronounced for visual acuity, followed by gains in Bayley Scales of Infant
Development mental and psychomotor development indices (MDI and PDI). No significant
association emerged for overall childhood IQ; however, this finding should be interpreted
with caution because of the limited number of studies available for the IQ analysis. The
authors also identified potential benefits of #-3 PUFAs supplementation for visual acuity in
both preterm and term infants and for MDI in preterm infants [143].

Despite these encouraging associations, the overall evidence remains inconclusive,
and findings from studies evaluating postnatal DHA supplementation further highlight
substantial variability.

Andrew et al., in the Dolphin double-blind RCT, randomized children between 1
to 18 months of age with suspected cerebral palsy receiving DHA, choline, and UMP
supplementation for 2 years, and compared them with the control group who received no
supplementation. The authors found no differences between the two groups for cognitive
and language performance, as assessed by the cognitive composite score of the Bayley
Scales of Infant and Toddler Development, Third Edition (CCS-Bayley-III), and the language
composite score of the Bayley Scales of Infant and Toddler Development, Third Edition
(LCS-Bayley-I1I), but they identified several limitations in interpreting the results, primarily
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related to the low number of recruited neonates, which was due to challenges in the early
identification of cerebral palsy and the exclusion of some potentially eligible participants
who had already received neonatal supplementation in a simultaneous trial conducted
in the same geographic area. In addition, a higher withdrawal rate was observed in the
treatment group [144].

Gawlik et al. reviewed 29 randomized controlled trials evaluating the effects of DHA
supplementation during the first 1000 days of life on language development in children.
Only four trials demonstrated a positive effect on a language outcome: three of them
originated from the same trial, indicating that evidence of benefit is limited [99].

Hu et al. found mixed results: no statistically significant difference in Mental Develop-
ment Index (MDI) scores was detected between infants receiving DHA supplementation
and those given a placebo, while Psychomotor Development Index (PDI) scores were signif-
icantly higher among DHA-supplemented infants. Overall, BSID assessments indicate that
DHA supplementation may offer modest neurodevelopmental benefits [145]. Nonetheless,
the limited number of high-quality studies and methodological heterogeneity highlight the
need for further research to clarify the specific roles of DHA supplementation in infants,
pregnant women, and lactating mothers. Another study did not find significant association
between DHA /EPA supplementation and any of the assessed cognitive parameters or birth
weight [146].

Accumulating evidence indicates that early exposure to n-3 LCPUFAs is associated
with more mature immune responses and a reduced risk of allergic and respiratory illness
over the first years of life [55].

Clinical outcomes data support these immunological findings. Foiles et al. enrolled
children from the Kansas City cohort of the DIAMOND (DHA Intake and Measurement of
Neural Development) study, who were fed either a control formula without LCPUFA or
one of three formulas with LCPUFA from DHA and ARA. A reduction in allergic diseases,
upper respiratory infections, wheezing, and asthma in the first year of life, as well as a
delay in the time to the first allergic illness and skin allergic illness, was reported when
healthy, full-term infants were fed ARA- and DHA-supplemented formula [147].

However, evidence remains inconsistent: long-term follow-up studies further suggest
that these protective effects may extend into adulthood, supporting the concept of fetal
immune programming by maternal fatty acid intake [59].

See Table 53 in Supplementary Materials, which summarizes key study findings about
DHA status and its supplementation during infancy and early childhood up to 2 years
of age.

5. Discussion

This review integrates physiological and clinical evidence supporting the biological
importance of DHA across the first 1000 days of life (Figure 3). The biological effects of DHA
during early life are strongly time-dependent: the third trimester of pregnancy is a critical
window for placental transfer and fetal brain accretion. During late gestation, DHA delivery
to the fetus increases markedly in parallel with neurogenesis, synaptogenesis, and neurovas-
cular development. Consequently, maternal DHA depletion or disruption of placental trans-
fer (e.g., in preterm birth) may irreversibly alter early neurodevelopmental trajectories.

Trials examined in this review consistently show that enteral DHA (often with ARA) is
feasible and improves biochemical status in both mothers and infants. This represents one
of the most robust and reproducible findings across trials. In contrast, clinical outcomes
are considerably more heterogeneous. While some studies report benefits in specific
neurodevelopmental domains, including sustained attention, early language acquisition,
and early neurovisual processing, evidence for improvements in global cognition and
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long-term behavioral outcomes remains inconsistent. This discrepancy highlights a clear
gap between biochemical efficacy and clinical effectiveness.

{
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Figure 3. The key roles of DHA during the first 1000 days of life.

Although higher-dose prenatal DHA supplementation increases maternal-infant DHA
equilibrium in a dose-dependent manner, this biochemical normalization does not consis-
tently translate into measurable improvements in fetal autonomic or neurodevelopmental
indices. These findings reinforce the concept that adequate DHA status is necessary but
not sufficient to ensure optimal neurodevelopment and that timing, baseline status, and
biological context are critical modifiers of response.

Emerging evidence further underscores that fatty acid balance, rather than DHA dose
alone, is a critical determinant of biological and clinical outcomes. Pregnancy LCPUFAs
metabolism contributes to growth and neurodevelopmental programming, influencing
inflammatory and metabolic pathways. A higher maternal n-6/1-3 ratio in late pregnancy
has been linked with poorer infant motor outcomes, as well as maternal LCPUFAs imbal-
ance and FADS activity, which have been linked with later childhood adiposity. These data
support a shift from a single-nutrient perspective toward a more integrated view of lipid
quality and balance during gestation and lactation. Human milk is a complex biological
system, in which nutrients and bioactive components act synergistically to support infant
health. The functional properties of human milk reflect the combined influence of mater-
nal diet, immediate environmental conditions, and evolutionary adaptations within the
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maternal-infant dyad. Within this system, milk fat globules play a central role: beyond
energy supply, milk fat globules deliver the bioactive and signaling molecules involved in
immune and developmental processes [148]. Moreover, synergism is emerging in studies
combining DHA with choline, UMP, and micronutrients. Nonetheless, existing trials have
not consistently shown superior neurodevelopmental outcomes compared with controls,
indicating that formulation, dose, adherence, baseline status, and endpoint sensitivity
remain critical.

In very preterm infants, early enteral DHA supplementation—often administered
with ARA—is feasible, well tolerated and improves circulating DHA levels. However,
long-term neurodevelopmental outcomes remain heterogeneous. These findings imply that
prematurity-related comorbidities—including infection, inflammation, BPD, and ROP—
may disguise nutritional effects, highlighting the need for targeted approaches.

Specifically for prematurity-related morbidities, the literature presents conflicting
results. Randomized trials indicate that DHA supplementation may reduce NEC incidence
and pro-inflammatory cytokine expression. However, systematic evidence raises doubt
that the somministration of DHA alone may increase the risk of development of NEC if not
accompanied by adequate ARA administration: DHA should not be considered in isolation
in the preterm setting, as the DHA:ARA ratio appears crucial to intestinal integrity and
immune signaling. The concept of fatty acid balance, particularly the DHA:ARA ratio,
emerges as a central theme across both experimental and clinical evidence, representing a
key take-home message of this review. For BPD and ROP, findings are largely inconsistent:
some studies report no benefit or even potential harm, particularly at higher DHA doses.
These discrepancies likely reflect differences in baseline DHA status, disease severity, and
co-existing morbidities, which may obscure potential nutritional effects.

DHA also acts as a key modulator of immune development. As a structural com-
ponent of immune cell membranes, DHA influences eicosanoid synthesis, T-helper cell
polarization, and transcriptional regulation of inflammatory pathways shifting toward
an anti-inflammatory cytokine profile. However, while some studies report reduced risk
of allergic disease and respiratory illness, others—particularly in populations with high
baseline DHA exposure—have shown paradoxical associations with increased asthma risk.
These observations underscore that immune programming by DHA is context dependent.

Taken together, these findings suggest that DHA acts as a developmental modulator,
with effects depending on timing, dose, fatty acid balance, baseline nutritional status,
and clinical context. In addition, genetic polymorphisms in gene clusters involved in
DHA metabolism indicate it is not uniform across individuals or population but reflects
a dynamic interplay between genetic background, dietary intake, epigenetic regulation,
and metabolic context. This variability may modulate the efficiency of endogenous DHA
synthesis, contributing to interindividual differences in DHA status, and supports the
need to move toward tailored nutritional strategies, in which DHA intake is adapted to
individual metabolic capacity, dietary context, and population-specific characteristics in
order to optimize early-life development. Future research is required to clarify the role of
DHA during the first 1000 days of life to pick out strong guidelines and precision-based
nutritional strategies.

DHA should not be interpreted as a single-target intervention, but rather as part of
a broader nutritional and developmental framework in which timing, dosage, fatty acid
balance, baseline status, and clinical context critically determine outcomes.

Overall, interpretations of the available evidence are constrained by small samples
sizes, substantial attrition—frequently exacerbated by the COVID-19 pandemic—and, in
some cases, early trial termination. Additional limitations include single-center designs,
lack of placebo control or blinding, selection bias in follow-up cohorts and heterogeneity in
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gestational age and brain injury severity. Together, these factors underscore the need for
larger, adequately powered, multicenter trials with rigorous methodology and comprehen-
sive outcome evaluation. Studies should also be carried out in low- and middle-income
countries (LMICs), in which DHA intake is not optimal because of limited access to DHA
food sources, in order to draw robust conclusions regarding its contribution to healthy
growth and neurodevelopment [149].

However, there are some trials still ongoing.

In 2024, Andrew et al. designed a protocol study of the DOLFIN trial: the primary
outcome is the Parent Report of Children’s Abilities—Revised non-verbal cognitive scale at
24 months post-estimated date of delivery in infants born extremely preterm (EP, <28 weeks’
gestation) or infants > 35 weeks’ gestation who received hypothermia for hypoxic-ischemic
encephalopathy (HIE). The treated group is receiving 1 mg/kg/day of the powered sup-
plement (DHA, EPA, ARA, choline, UMP, and CMP, zinc, iodine, and vitamin B12) daily
(maximum 12 g/day) and it is added to the milk feed when infants reach full enteral
feeding [150].

In the Dolphin CONTINUE (Concept of Nutrition to Improve Neurodevelopment in
Early Life) trial, Janson et al. recruited infants born at <30 weeks’ gestation and randomized
them to either a supplementation group, receiving DHA, choline and UMP (1 g/kg/day,
maximum 12 g/day), or a control group receiving a control product. The intervention
was administered from term-equivalent age to 12 months corrected age (CA). The primary
outcome parameter is white matter integrity at 3 months CA, assessed using diffusion tensor
imaging (DTI) on MRI scanning, while secondary outcomes include other MRI parameters,
product safety, and language, cognitive, motor, and behavioral development (assessed
at 12 and 24 months CA, using the Bayley Scales of Infant Development III and digital
questionnaires (Dutch version of the Communicative Development Inventories (N-CDI),
Ages and Stages Questionnaire 4 (ASQ-4), and Parent Report of Children’s Abilities—
Revised (PARCA-R)). The hypothesis is that supplementation can improve white matter
integrity and subsequent neurodevelopmental outcomes in very preterm infants, but results
are awaited to clarify the clinical relevance of this synergistic nutritional strategy [151].

6. Conclusions

DHA is biologically essential during the first 1000 days, with crucial roles in brain and
retinal development as a structural component of neuronal and retinal membranes and
immunomodulatory effects as a precursor of the lipid mediators that regulate inflammation
and cellular homeostasis.

Supplementation consistently improves DHA status, but clinical benefits are heteroge-
neous and often appear in specific domains (attention, early language, psychomotor and
visual outcomes) rather than global cognition. Importantly, genetic polymorphisms may
modulate DHA metabolism, underscore the need for precision-based nutritional strategies
in early life rather than uniform supplementation approaches. Moreover, DHA require-
ments should be considered within the broader context of essential fatty acid balance,
as interactions among LA, ALA, and their long-chain derivatives influence competitive
enzymatic pathways and downstream biological effects, such as inflammatory responses
and neurodevelopmental outcomes.

Timing and context are critical: disruptions of late-gestation accretion (e.g., very
preterm birth, placental dysfunction, maternal metabolic disease, obesity, low-DHA diets)
determine unfavorable outcomes regarding neurodevelopment, birth weight and immune
system development. In very preterm infants, enteral DHA (often with ARA) is feasible and
improves biochemical status; findings from imaging studies suggest potential benefit from
supplementing preterm infants with DHA and ARA and white matter maturation. For
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prematurity-related morbidities, DHA shows promising evidence for reduced incidence of
NEC, but safety considerations highlight the importance of co-supplementation with ARA
and balanced LCPUFA supply; evidence for BPD prevention is mixed, and ROP findings
are encouraging but not definitive.

RCTs support a role for maternal and early-life n-3 LCPUFAs in promoting anti-
inflammatory immune programming, impacting immune and allergic outcomes.

Nevertheless, translation into consistent clinical benefits—especially for long-term
neurodevelopment—remains uncertain. Future research should prioritize DHA:ARA
balance, focusing on integrated and context-specific strategies in order to optimize early-
life nutritional programming. Future studies should standardize neurodevelopmental
endpoints with long-term follow-up and high-risk phenotypes to define optimal dosing
and target populations.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/nu18081178/s1, Table S1: DHA during pregnancy and lactation,
key study findings; Table S2: DHA in preterm population, key study findings; Table S3: DHA during
infancy and early childhood (0-2 years), key study findings.
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