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ABSTRACT: Fish oil originates from fish tissue rich in omega-3 fatty acids. These include
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). Healthy individuals are advised to
consume foods rich in fish oil at least twice a week. However, such intake varies depending on cultural
or personal preference, and socio-economic status. Many families and patients with chronic neurological
conditions consume supplements containing omega-3 fatty acids. We are frequently requested to give
advice and recommendations on using such agents to help improve neurological developmental and
cognitive functions. The objective of this review is to discuss the available literature supporting the role
of fish oils on brain development and function. There is a growing body of literature suggesting a
potential benefit of long chain polyunsaturated fatty acids; however it is still unclear if there are response
variations according to the developmental stage, age, and dose.

RESUME: L’influence de I’huile de poisson sur le développement et la fonction neurologique. L'huile de
poisson provient de tissus de poisson riches en acides gras oméga-3, I’acide eicosapentaénolque (EPA) et 1’acide
docosahexaénoique (DHA). On conseille aux individus en bonne santé de consommer des aliments riches en huiles
de poisson au moins deux fois par semaine. Cependant, leur consommation varie selon les préférences culturelles ou
personnelles ainsi que selon le statut socio-économique. Plusieurs familles et plusieurs patients atteints de maladies
neurologiques chroniques consomment des suppléments contenant des acides gras oméga-3. On nous demande
souvent des conseils et des recommandations sur I’utilisation de ces agents pour aider a améliorer le développement
neurologique et les fonctions cognitives. L’objectif de cette revue est de discuter de la littérature disponible en faveur
du rdle des huiles de poisson dans le développement et le fonctionnement du cerveau. Il existe une documentation
de plus en plus importante qui suggere que les acides gras polyinsaturés a longue chaine pourraient étre bénéfiques.
Cependant, on ne sait pas si la réponse peut varier selon le stade du développement, 1’age et la dose.
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Fish oil originates from oil rich fish tissue that contains Fish Oil and Brain Development
omega-3 fatty acids. These include eicosapentaenoic acid (EPA),
and docosahexaenoic acid (DHA), both of which are eicosanoids
precursors'. Omega-3 fatty acid from food is metabolized by
desaturation using desaturase enzymes®. The American Heart
Association's guidelines recommends that healthy individuals
should consume foods rich in fish oil at least twice a week (Table
1). However, such intake varies depending on cultural or
personal preference, seasonality, availability, and socio-
economic status”. In addition, the requirement should be further
increased to at least 1 gm/day of EPA and DHA for those with
history of ischemic heart disease?. In our practice, many families
and patients with chronic neurological conditions consume
supplements containing omega-3 fatty acids. We are frequently
requested to give advice and recommendations on using such
agents to help improve neurological developmental and
cognitive functions. Therefore, in this review we aim to discuss
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Neurogenesis is followed by migration, organization, and
myelination*. Various stages of normal brain development and
associated disorders are summarized in Table 2. Most structural
brain development occurs before birth, however, organization
and myelination continue for several years after delivery*. These
normal developmental stages are all contingent on a variety of
growth factors, hormones, certain proteins and nutrients whose
role is to initiate and guide this process. Myelin in particular is
heavily composed of lipids and fatty acids. Therefore, fatty acid
intake is needed for optimal myelination and brain organization
and development. Most brain growth after delivery is the result
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Table 1: List of food sources rich in omega 3 fatty acids

Tuna

Pollock
Salmon

Cod

Catfish
Flounder
Grouper
Halibut

Mahi mahi
Orange roughy
Red snapper
Shark
Swordfish
Tilefish

King mackerel

of relatively fast myelination which is reflected on fast
neurological development during the first years of life. Studies
have found that an adult brain is half as active as in a three year-
old child’. Both nutrition and psychosocial interaction are vital
for ongoing cognitive, language, and social neurological
“functional” development.

Fish Oil and Brain Transport

Several authors have proposed theories for the sophisticated
delivery of essential polyunsaturated fatty acids (PUFA) from
the blood into the brain®?, They argued that the essential role of
the blood brain barrier (BBB) in controlling this process is
dependent on the stage of human development and chronological
age. The structure and function of the BBB evolves with age,
however, most studies did not determine the alterations in the
rate of transfer of PUFA into the brain as people age’®. It is
therefore possible that omega—3 fatty acids have a varying speed

of transport into the brain. The brain also has the ability to
transform linoleic and alpha-linolenic acids into lengthier chain
fatty acids, such as arachidonic acid (AA) and docosahexaenoic
acid (DHA)”®. However, there is evidence that the developing
brain may be less able to carry out such conversion processes,
particularly in infancy®'°.

Fish Oils and Brain Structure

In addition to the impact of PUFA on brain-mediated
functions, there is also an impact on aspects of brain structure.
Fatty acids and lipids are important structural components of
cerebral white matter'!. They are incorporated in the formation
of neuronal membranes and axonal myelin sheaths. Lipids
constitute around 50% of the neuronal membrane structure,
which is also composed of proteins'?. However, lipids make up
around 70% of the myelin sheaths. Whilst the protein element is
particularly resilient and resistant to change, the lipid element is
altered regularly'>'4. The neuronal membrane fluidity index may
therefore change, depending on the impact of PUFA resulting in
some functional alterations. It has been found that some
molecules within the membrane can be physically altered as a
result of this fluidity'>. In vitro studies revealed that the
membrane can be converted into liquid by alcohol, while
cholesterol toughens its texture!®>. However, it is not entirely
clear whether alterations in the lipid element of the membrane
would result in significant variations in neuronal functions.
Secondly, the impact of fatty acid supplementation on the make-
up and the function of the neuronal membrane need to be
confirmed. Preliminary studies have suggested some alterations
in both the structure and function of the membrane'¢. Improving
the integrity and function of the myelin sheaths will theoretically
result in better axonal function!”. Poor myelination will result in
deterioration in neuronal connectivity and therefore variations in
neurological functions'®. This was highlighted further in another
study that examined the effects of fatty acids obtained from the
diet on the healthy function of myelin'®. The results showed a
benefit of supplementing formulas for premature infants with

Table 2: Stages of normal brain development and associated disorders

STAGE

Primary neurulation

Prosencephalic development

Neuronal proliferation

Neuronal migration

Organization

Myelination

PEAK TIMING

3-4 weeks of gestation

2-3 months of gestation

3-4 months of gestation

3-5 months of gestation

5 months and onward

Term and onward

DISORDER

Neural tube defects

Holoprosencephaly
Agenesis of corpus callosum

Micrencephaly
Megalencephaly

Lissencephaly
Band heterotopia

Schizencephaly
Polymicrogyria

Hypomyelination
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Table 3: Studies on the cognitive effects of long chain polyunsaturated fatty acids supplementation in healthy term

infants
Authors Type Place Sample | Duration | Intervention Measurement QOutcome
Auestad et RCT USA 404 1 year DHA (0.14%) and | Bayley scale of infant None
al, 2001 AA (0.45%) development and infant
behavior questionnaire
Unay et al, RCT Turkey 80 16 weeks | DHA (0.55%) Brainstem auditory evoked Quicker development
2004 response of BAEP
Willatts et al, | RCT UK 44 4 months LCPUFA Problem solving testing Enhanced intentional
1998 solutions
Fang et al, RCT Taiwan | 27 6 months DHA(0.05%) and | Bayley scale of infant Significant positive
2005 AA(0.10%) development effects
Bouwstra et RCT Holland | 472 2 months AA (0.38%), Quality of general movement | Improved QGM, no
al, 2005 DHA (0.23%); (QGM), and auditory effect on the BAEP
GLA (0.18%) brainstem evoked potential

RCT=randomized controlled trial; GLA=gamma linolenic acid; BAEP=brainstem auditory evoked potential; DHA=docosahexaenoic
acid; AA=arachidonic acid; LCPUFA=long-chain polyunsaturated fatty acid; QGM=quality of general movement

AA and DHA from the time of first enteral feeding to 12 months-
of-age on growth, visual acuity, and multiple indices of
development!'®. However, the overall evidence is not convincing
of an effect on function.

Fish Oil and Cognitive Function

There is a growing body of evidence indicating that long
chain polyunsaturated fatty acids (LCPUFA) play a pivotal role
in cognitive development (Table 3). Both docosahexaenoic acid
(DHA) and arachidonic acid (AA) are important for cognitive
function?®?!, These functions include memory, learning,
reasoning, attention and language?’. Studies documenting the
positive cognitive effects in young infants are summarized in

Table 3. However, there is a dearth of randomized controlled
trials examining the possible impact of fatty acids
supplementation in children older than two years-of-age. A
prospective Dutch cohort study evaluated the connection
between DHA status at birth and subsequently at aged seven
with cognitive function, and found no positive relationship?3.
Other authors examined the relationship between PUFA intake
and psychosocial and cognitive performance of 6-16 year-old
children in a cross-sectional analysis and concluded that a raised
daily intake (10 g) was linked to improved performance on the
digit span testing?*. This did not extend to all cognitive function;
and no significant relationship was found for block design,
arithmetic, and reading comprehension tests. Therefore, fatty

Table 4: Studies on effects on visual acuity of long chain polyunsaturated fatty acids supplementation

in healthy term infants

Authors Type | Place | Sample | Duration | Intervention Measurement Outcome
Birch etal, | RCT USA 108 1 year DHA and AA | Visual evoke Positively associated with
1998 potential (VEP) brain and eye development
Hoffman RCT USA 87 17 weeks | DHA and AA | VEP Positively associated with
et al, 2000 improved later visual acuity
Birch etal, | RCT USA 103 1 year DHA and AA | VEP Positively associated with
2005 improved later visual acuity
Birch etal, | RCT USA 79 17 weeks DHA and AA | Electronic Visual | Positively associated with
2006 Acuity (EVA) improved later visual acuity
Auestad et | RCT USA 276 1 year DHA and AA | Beery visual- No effect on
al, 2003 motor 11?dex visual acuity

and acuity card

procedure

RCT=randomized controlled trial; DHA=docosahexaenoic acid; AA=arachidonic acid
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Table 5: Studies on the impact of long chain polyunsaturated fatty acids supplementation during

pregnancy and lactation on term infants

Authors Type | Place Sample | Duration Intervention Measurement Outcome
Malcolm et RCT UK 63 15™ gestational DHA Visual evoked No effects
al, 2003 weeks to delivery potential (VEP) and

electroretinography
Tofail et al, RCT Bangladesh | 249 25M gestational DHA and Bayley scales of No effects
2006 week to delivery EPA infant development
Helland et al, | RCT Norway 341 19™ gestational DHA, and EEG and fagen test of | No effects
2001 week to 3 month EPA intelligence

of age
Helland et al, | RCT Norway 90 19% gestational DHA and 1Q Higher 1Q
2003 age to 3 month of | EPA
age

Gibson et al, | RCT Australia 52 12 weeks after DHA VEP and Bayley No effects
1997 delivery scales of infant

development
Lauritzen et | RCT Denmark 97 16 weeks after DHA, EPA, Means end problem Higher
al, 2004 delivery and DPA solving (MPS) and MPS

MacArthur

communicative

Development

Intervention ( MACI)
Jensen et al, | RCT USA 160 4 months after DHA Bayley scales of Improved
2005 delivery infant development BSID

(BSID) scores

RCT=randomized controlled trial; EPA=eicosapentaenoic acid; IQ=intelligence quotien; DHA=docosahexaenoic acid;

acid supplementation may be advantageous for children’s
working memory during infancy but more data are needed to
evaluate their positive effects on older children.

Fish Oil and Visual Function

Neonates have limited visual acuity which evolves slowly
during the first year of life>>. Therefore, this is a critical time
where negative nutritional state can affect the development of
the visual pathway from the retina and the visual cortex?. These
areas have high concentrations of polyunsaturated fatty acids,
particularly DHA, which heighten in the last trimester of the
pregnancy and continue to increase during the first six post-natal
months?’. DHA is incorporated in the structural phospholipids of
the retinal photoreceptors where it constitutes up to 50% of the
total fatty acids®®?°. Although DHA is present in breast milk,
levels vary substantially depending on the mother’s food
intake®*3!. The level is significantly higher for mothers with
increased fish intake. DHA has augmented a variety of infant
formulas over the last 15 years, and a range of clinical trials have
assessed infant formulas with and without supplemented DHA
(Table 4). Randomized control trials consistently reflect a
positive association between DHA supplementation and
improved visual acuity despite variations in the outcome
measurements (Table 4). Current infant formulas are
supplemented by LCPUFA to ensure adequate supply for
optimum developmental needs??.
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Fish Qil in Pregnancy and Lactation

Trials that have examined the impact of supplementation of
pregnant mothers on their infant’s visual acuity and cognitive
development are summarized in Table 5. Although some studies
showed no benefit, others found improvements on visual and
cognitive development. Three randomized controlled trials
evaluated the impact of supplementing lactating mothers on the
cognitive development of their children (Table 5). The positive
effects were age related. For instance, one study found that the
cognitive benefits at one year-of-age were not present when the
children were two years old*}. On the other hand, a Dutch study
supplemented lactating mothers with fish oil and found positive
effects with advancing infant’s age on their visual and cognitive
development*. Upon further follow-up, gender differences were
uncovered with a higher impact on females. These findings
suggest that longer periods of follow-up are needed to determine
the outcome, keeping in mind the improved accuracy of various
cognitive tests with advancing age**. Contradictory results may
also result from smaller study samples. However, there is good
evidence that there is some benefit of maternal supplementation
to the neurological development of their infants (Table 5).
Further research is clearly needed in this area to provide
evidence based and clinically relevant recommendations.

Dosing and Composition

The dose, composition, and ratios of supplemented fatty acids
vary according to the indication and targeted function®. A 1:1
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ratio of omega—6 to omega—3 PUFA is the most advised in the
prevention of cardiovascular diseases, while a 4:1 ratio is
suggested for promoting brain functions®. This ratio is thought
to positively affect the neuronal membrane and healthy
functioning nervous system*-*°. In addition, there is evidence
that variations in ratio, to 6:1 for example, can have negative
effects on the speed of development**#!. Thus, there is a growing
consensus amongst researchers that the amount of PUFA, along
with a 4:1 ratio are both significant to healthy brain development
and function. However, the issue of whether or not to routinely
augment infant formula with long chain PUFA is still to be
determined*>#3. It has become evident that the speed of myelin
lipid turnover is dependent on age. As the person ages and the
brain subsequently ages, the speed of turnover is hindered
depending on the PUFA ratio, and so the ability to repair affected
myelin is hampered and slowed*.

CONCLUSIONS AND RECOMMENDATIONS

There is a growing body of literature suggesting a potential
benefit of long chain polyunsaturated fatty acids in neurological
development and function. While increasing consensus is
developing regarding the administered supplementation, it is still
unclear if there are response variations according to the
developmental stage, age, and dose. This needs to be
investigated further at different development stages to include
infants and young children with longitudinal long term follow
up. Studying neurologically impaired children in a randomized
controlled manner is needed in order to validate reliably the
positive effects of long chain polyunsaturated fatty acids on
neurological development and function. More research is also
required to determine the impact of supplementation on pregnant
and lactating mothers. Standardization of the supplement in
terms of composition and dosing, as well as, the outcome
measures with larger sample size are needed to document and
reliably reproduce their positive effects in a clinically relevant
and scientific manner. Healthy varied diet and breast feeding for
infants will ensure adequate intake of essential fatty acids.
However, if this is not possible, DHA supplemented formulas are
recommended. There is no consensus on the necessary quantities
to support neurologically impaired children.
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