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Introduction

Increasing evidence shows that omega-3 highly unsaturated fatty acids (HUFA) are
relevant to many different disorders of behaviour, learning or mood'*** Some of
these disorders are usually first evident in childhood - including specific behavioural
and learning difficulties such as attention deficit / hyperactivity disorder (ADHD);
dyslexia or other specific learning disabilities (LD); dyspraxia or developmental
coordination disorder (DCD); and the autistic spectrum of disorders (ASD). Others
are more often diagnosed in adolescence or adulthood - including mental health
disorders such as depression, bipolar disorder, and the schizophrenia spectrum of
disorders.

The key omega-3 HUFAs — eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) —
are found primarily in fish and seafood, and are often relatively lacking from diets in the UK
and other developed countries. The importance of these omega-3 fatty acids (FAs) for
physical health, and most notably for cardiovascular and immune function, has already been
well established. Experts now recommend an average daily intake of at least 450-500mg of
EPA and DHA for the general population, simply to maintain cardiovascular health.’

By contrast, the idea that ‘fish oils’ may help children (or adults) to behave, learn or feel
better remains more controversial, and media interest in this area has far outpaced the
progress of researchers in gathering scientific evidence. Recent years have seen a dramatic
increase in the popularity of various omega-3 supplements for children’s behaviour, learning
and mood. This is perhaps not surprising given that ADHD, dyslexia, dyspraxia, autism and
related conditions are now thought to affect up to 20% of UK primary school children; these
are children who are informally listed by schools and Local Education Authorities as having
Special Educational Needs (although official 'SEN Statements' are limited to only a fraction of
this by the system). The vast majority of these children have difficulties consistent with
dyslexia, dyspraxia ADHD, ASD or related conditions, and this 20% figure also matches the
combined estimates of population prevalences from the leading support groups and charities,
allowing for the usual overlaps. These conditions have huge consequences not only for the
individuals affected, but also for their families, and for society as a whole.

A lack of access to effective help within standard health, educational or social services often
leads desperate parents to seek complementary or alternative treatments, and many
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professionals dealing with such children are also increasingly interested in dietary
approaches. The prevalence of mental health problems also appears to be rising dramatically
in children and adolescents in the UK and other developed countries. While this situation
obviously reflects a complex interplay of many different contributory factors, the role of diet
has to be one of them. What’s more, diet is one factor over which the individuals affected have
at least some influence, provided they are given sufficient information and incentive.

For these reasons, nutrition practitioners are increasingly in demand to advise on
behavioural, learning or mood disorders in children, and omega-3 FAs are already very
familiar to most of them in this context. Is now five years since I first reviewed this area of
research for The Nutrition Practitioner, ® and the purpose of this article is to provide an
update that takes account of the latest evidence in this rapidly expanding field. Much of the
material in the original article has stood the test of time, but other aspects deserve revision in
the light of new and/or accumulated evidence. As before, my aim is to summarise and
evaluate the information in a way that may be most useful for the clinical practitioner.

Childhood developmental and psychiatric disorders - a spectrum of
vulnerability?

Despite their separate diagnostic labels, there are substantial overlaps in practice between
dyslexia, dyspraxia, ADHD and autistic spectrum disorders, with most affected individuals
showing features of more than one of these conditions. The mutual overlaps between ADHD,
dyslexia and dyspraxia are around 30-50%, although attentional problems (and possibly
impulsivity) are usually more closely linked with specific learning difficulties than
hyperactivity per se. In addition, each frequently co-occurs with milder forms of autistic
spectrum disorders, although few reliable figures are available for these overlaps. These
conditions all show individual and familial associations with other psychological and
psychiatric disorders — including depression and other mood disorders, anxiety and the
schizophrenia spectrum.

This high ‘co-morbidity’ between so many common developmental and psychiatric disorders
strongly suggests some common features at the level of biological predisposition.” Focusing as
they do on behaviour, most of the ‘diagnoses’ used in psychology and psychiatry are actually
descriptions, not explanations. In other words, these labels don’t tell us anything about the
actual causes of the behavioural symptoms, features and traits involved — which are many
and various, and can differ between individuals. As I have argued for many years, a ‘trait-
based’ or ‘symptom-based’ approach often makes more sense than a focus on current
diagnostic categories, and this may be particularly helpful with respect to the role of omega-3
FAs.® To view these behaviourally-defined conditions as categorical ‘disease entities’ distinct
from normal functioning is also rather misleading, because in milder form, the core
characteristics of these ‘disorders’ all form part of normal individual variations in behaviour,
learning abilities and mood.

At the genetic level, the predispositions to ADHD, dyslexia, dyspraxia and autism (as well as
those for mental health conditions like depression and anxiety) are in fact widely distributed
in the general population. In each case, several (if not many) different genes are thought to
act in combination to increase risk, and those combinations can vary between affected
individuals. Many of the same chromosomal regions show linkage to more than one of these
disorders, and some of these regions contain genes known to code for enzymes involved in
fatty acid and membrane phospholipid metabolism.” The genetic predispositions to these
overlapping developmental and psychiatric disorders could therefore include some shared
elements that act to increase vulnerability to HUFA deficiencies. If so, the dramatic changes
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in dietary fat consumption in developed countries over recent years (and particularly the
relative disappearance of omega-3) could provide just one reason why the prevalence of some
of these conditions seems to have increased over the same period. This is because the
expression of any such individual genetic differences will depend heavily on the dietary intake
of fatty acids, both during development and throughout life. The term ‘phospholipid
spectrum disorders’, first coined some years ago,'’ captures this idea of a whole spectrum of
vulnerability, whilst also emphasising the potential role of fatty acid and phospholipid
metabolism — and therefore diet — in all of these conditions. While yet another ‘diagnostic
label’ is hardly needed, the accumulating research evidence certainly supports this idea.

Omega 3 fatty acids and the brain

Both omega-3 and omega-6 highly unsaturated fatty acids (HUFAs) are simply crucial to
brain structure and function. The two so-called essential fatty acids (EFAs), linoleic acid (LA,
omega-6) and alpha-linolenic acid (ALA, omega-3) cannot be synthesised de novo by

Table 1: Pathways for the synthesis of omega-6 and omega-3 fatty acids

The truly essential fatty acids (EFA) that cannot be synthesised within the body are linoleic acid (omega-6 series)
and alpha-linolenic acid (omega-3 series). The highly unsaturated fatty acids (HUFA) that the brain needs can in
theory be synthesised from these EFA precursors via processes of desaturation (insertion of a double-bond) and
elongation (adding two carbon atoms to the fatty acid chain). However: the conversion of EFA to HUFA is
relatively slow and inefficient in humans, so pre-formed HUFA from dietary sources may be needed to ensure an
adequate supply of these vital nutrients.

OMEGA-6 series Enzymes involved in OMEGA-3 series
HUFA synthesis
Linoleic (LA) 18:2 Alpha-linolenic (ALA)  18:3
F Delta 6-desaturase -
Gamma-linolenic (GLA) 18:3 Octadecatetraenoic 18:4
F Elongase -
Dihomogamma-linolenic  20:3 Eicosatetraenoic 20:4
(DGLA)
F Delta 5-desaturase H
Arachidonic (AA) 20:4 Eicosapentaenoic (EPA) 20:5
F Elongase -
Adrenic 22:4 Docosapentaenoic (DPA) 22:5
F Elongase, Delta 6- -
Docosapentaenoic (DPA)  22:5 desaturase, Beta- Docosahexaenoic (DHA) 22:6
oxidation

Four HUFA are particularly important for brain development and function: DGLA and AA from the omega-6
series, and EPA and DHA from the omega-3 series.
e AA and DHA are major structural components of neuronal membranes (making up 20% of the dry mass of
the brain and more than 30% of the retina).
e EPA and DGLA are also crucial, but they play functional rather than structural roles.
e EPA, DGLA and AA are needed to manufacture eicosanoids - hormone-like substances including
prostaglandins, leukotrienes, and thromboxanes. These and other HUFA derivatives play critical roles in
the moment-by-moment regulation of a very wide range of brain and body functions.

Fatty acids from one series cannot be converted into the other within the body. Both are essential, but the
balance of omega-3 and omega-6 fatty acids is very important, as they play complementary roles in many
biological functions, e.g. derivatives of AA include the ‘pro-inflammatory’ series 2 prostaglandins, while DGLA
and EPA give rise to less inflammatory prostaglandins (series 1 and series 3 respectively). Similarly, thromboxanes
derived from AA act to constrict blood vessels while those derived from EPA act to relax blood vessels and
improve blood flow.
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humans, so must be provided by the diet. In theory, these EFAs can then be converted into
the more complex HUFAs needed for optimal brain function (primarily DGLA and AA from
the omega-6 series, and EPA and DHA from the omega-3 series), as shown in Table 1. In
practice, however, these conversion processes are usually very limited, as discussed further
below.

Structurally, AA and DHA are key components of cell membranes in the brain and nervous
system, making up 15-20% of the brain’s dry mass. Adequate supplies of these HUFAs are so
essential during prenatal development that the placenta acts to double the levels circulating
in maternal plasma,'' and severe deficits can have permanent effects if they occur during
critical periods of neural development. AA is crucial to brain growth, with mild deficiencies
being associated with low birth weight and reduced head circumference. DHA is particularly
concentrated in highly active sites such as synapses and photoreceptors, and makes up more
than 30% of the retina, hence adequate supplies are absolutely vital for normal visual and
cognitive development. Throughout life, adequate supplies of HUFA are crucial for
maintaining the fluidity of neuronal membranes (which saturated fats and cholesterol act to
reduce). Such fluidity is essential for the optimal functioning of membrane-bound and
membrane-associated proteins that include both neurotransmitter receptors and ion
channels.

Certain HUFAs also play key roles as ‘second messengers’ in neurotransmitter systems as well
as contributing to many other aspects of cell signalling. Functionally, three of the 20-carbon
HUFAs deserve special mention: the omega-6 fatty acids DGLA and AA and the omega-3 fatty
acid EPA. These are substrates for the eicosanoids, a highly bioactive group of hormone-
like substances including prostaglandins, leukotrienes and thromboxanes. Through their
regulatory influences on hormonal, cardiovascular and immune systems among many others,
these key HUFA derivatives can exert profound influences on brain development and
function. In particular, an excess of AA relative to EPA and DGLA (very common in modern
western diets) is likely to promote inflammation, narrow blood vessels and reduce blood
coagulation time, other things being equal — with potential effects on mental as well as
physical health and performance. AA also gives rise to various endocannabinoids,'* which
can influence many aspects of mood, cognition and behaviour as well as perception and
sensitivity to pain. Such substances have obvious significance for some psychiatric disorders.

More recently, other important substances derived from either EPA or DHA have been
identified that can combat inflammation and/or help protect brain cells against other types of
injury.'*'*!> Between them, these omega-3 HUFAs are now recognised as regulating not only
blood flow, endocrine and immune functions but also ion channels, neurotransmitter uptake,
synaptic transmission, apoptosis and numerous other biological processes, including energy
metabolism and gene expression. As noted already, DHA (along with AA) plays a key
structural role in the brain, and even more so in the retina. By contrast, the crucial
importance of EPA in the regulation of numerous processes relevant to brain function is
sometimes overlooked, simply because this omega-3 HUFA contributes very little to the
brain’s physical structure — and yet it has become clear that EPA and DHA each play different
and complementary roles in the functioning of the brain and nervous system.

A massive amount of evidence now demonstrates the essentiality of omega-3 fatty acids for
normal brain development and function — and conversely, their potential relevance to a wide
range of developmental, psychiatric and neurological disorders. This evidence cannot be
considered in any detail here, but has been amply reviewed elsewhere.'*!”
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Possible reasons for functional Omega-3 HUFA deficiencies

Direct sources of omega-3 HUFA are relatively lacking from many modern diets, especially
vegetarian or vegan diets, and/or those in which highly processed foods predominate. This is
because EPA and DHA are found naturally in appreciable quantities only in fish and seafood
— although food manufacturers are increasingly trying to find ways to add them to other
products such as eggs, milk and even bread. Their precursor, alpha-linolenic acid, is found in
green vegetables and some nuts and seeds, but its conversion to EPA and DHA is very limited,
as discussed further below. By contrast, dietary omega-6 fats are usually plentiful, because
vegetable oils, nuts, seeds and grains all tend to be rich in linoleic acid, while meat, eggs and
dairy produce contain AA pre-formed. The last century has seen dramatic increases in the
ratios of omega-6 to omega-3 in average Western-type diets, from approximately 3:1 to more
than 20:1 in some cases, and this relative lack of omega-3 is now thought to contribute to a
wide range of both physical and mental health disorders.'® Gene transfer studies indicate that
the earlier ratios were much closer to the optimum for healthy human cells."

Poor EFA-HUFA conversion is another important issue, because the in vivo conversion of
ALA to EPA or DHA is very inefficient in humans,***' although for any given individual this
will depend on both genetic and environmental factors - with diet at their interface. When it
comes to genetics, individual variability in the FADS1 and FADS2 genes coding for the fatty
acid desaturase enzymes involved was recently found to explain almost 30% of variance in
plasma concentrations of key HUFAs in adults.” Although this was a general population
sample, the study was partly initiated by earlier evidence suggesting that atopic conditions
such as eczema may be associated with abnormalities in EFA-HUFA conversion. Similar
suggestions have long been made with respect to some developmental and psychiatric
disorders, and new evidence supports this idea, as discussed below. EFA-HUFA conversion is
also known to be less efficient in males than females,”** a fact that is of interest given the
excess of males affected by many childhood developmental disorders; but this sex difference
appears to be primarily for hormonal rather than genetic reasons.

Functional HUFA deficiencies could also reflect other inefficiencies in fatty acid metabolism
that have a constitutional basis. During the normal turnover and remodelling of membrane
phospholipids, HUFA are constantly replaced and recycled if they are not ‘used up’, and this
also happens in the cascades triggered by numerous cell signalling processes. In relation to
schizophrenia and related psychiatric disorders, some attention has been focused on various
phospholipase A2 enzymes (PLA2) that remove HUFA from membrane phospholipids, as
discussed further below, but there are many other avenues to explore at the biochemical level.

Numerous dietary and lifestyle factors can also affect HUFA status. Synthesis of HUFAs from
EFA can be impaired by a dietary excess of saturated, hydrogenated or trans fats; lack of
vitamin and mineral co-factors (particularly zinc, magnesium and vitamins A, B3, B6 and C);
some viral infections, and high levels of stress among other things. Smoking and use of
alcohol appear to deplete HUFA stores rather than impairing synthesis, as do any other
factors that increase oxidative stress, which can include exposure to some environmental
toxins and/or some common medications.

Fatty acid abnormalities in dyslexia, dyspraxia, ADHD and autism

As discussed in detail elsewhere,”***" fatty acid abnormalities could help to explain many
clinical features associated with childhood developmental and psychiatric disorders,
including the excess of males affected, associations with prematurity (or other pregnancy and
birth complications), minor physical anomalies, and the apparent links with atopic or other
auto-immune disorders in affected individuals and their families. As a huge body of
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experimental literature now shows, fatty acid deficiencies or imbalances could also contribute
to the key cognitive and behavioural features of these conditions (such as anomalous sensory,
motor, attentional or language processing) as well as associated difficulties with mood,
appetite or digestion, temperature regulation and sleep.

Physical signs associated with essential fatty acid deficiencies in animals include excessive
thirst, frequent urination and very dry, scaly skin as well as behavioural abnormalities,
although all of these signs can of course have other causes. The UK Hyperactive Children’s
Support group (HACSG) first reported that such signs were unusually common in children
with ADHD-type difficulties, and explicitly proposed that abnormalities of fatty acid
metabolism (and specifically, difficulties in EFA-HUFA conversion) may contribute to
hyperactivity and related attentional disorders.” Since then, similar physical signs have been
noted not only in association with ADHD,*~° but also in children and adults with
dyslexia’'**** or autistic spectrum disorders.***

Blood biochemical studies followed, some of which showed low concentrations of both
omega-3 and omega-6 HUFA in many ADHD children despite plenty of the precursor
EFAs,”** consistent with the proposal of inefficient EFA-HUFA conversion. Much more
recently, a new study has just linked ADHD to a genetic marker within a region on
chromosome 11 that is known to code for the delta-6 desaturase enzyme.* This finding still
needs confirmation and clarification, but it could potentially validate the original proposal
that constitutional differences in EFA-HUFA conversion can increase the risk of ADHD-type
difficulties.

Reduced blood omega-3 HUFA concentrations have also been reported in several other
studies of children and adults with behavioural and learning difficulties, mainly
ADHD?738394041 g1 ASD 2334424 Most such studies have been small, and details of their
results have naturally varied, but deficiencies in DHA and/or total omega-3 FAs relative to
matched controls is one of the most consistent findings, often with low ALA and/or EPA,
which makes up a much smaller proportion of blood fatty acids. Elevations in AA relative to
EPA have also been noted in some studies of autistic spectrum subjects,** although others
have found no obvious blood fatty acid abnormalities.”” On balance, although abnormally low
concentrations of AA and other omega-6 FAs have been found in some individuals and study
groups, omega-3 FA deficiencies have generally shown much stronger associations with
behavioural and learning difficulties. In some cases, these correlations have extended into
control groups, suggesting that they may apply for behaviour and learning (and omega-3 FA
concentrations) across the general population range.****

An unusually rapid rate of HUFA breakdown and loss could be another reason for relative
HUFA deficiencies. Studies of children and adults with autistic spectrum disorders suggest
that their membrane HUFAs may be unusually vulnerable to breakdown, possibly owing to
actions of a PLA2 enzyme that removes HUFAs from membrane phospholipids,34 although
there could be many mechanisms for such damage via oxidative stress. Unusually high levels
of this PLA2 enzyme, along with other membrane abnormalities, have also been reported in
both schizophrenia and dyslexia,* and research to extend these findings is ongoing.

Blood biochemical measures of various kinds are valuable research tools, but further study is
needed to assess their real utility in clinical practice. While they are very appealing as
objective indices of fatty acid ‘status’ or ‘metabolism’, current measures still have serious
limitations in this respect. With fatty acids, much depends on methods of collection, storage
and analysis — and not enough is yet known about the significance of different
‘compartments’ in which HUFAs can be measured, even in blood (which is at best only a very
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approximate model if the real interest is the ‘functional availability’ of fatty acids in the
brain). In one study, for example, ADHD children showed reduced HUFA in plasma
phospholipids, but significantly elevated concentrations of the same fatty acids in red cell
membranes compared with an appropriate group of children from the community.*® These
ADHD children did in fact go on to show modest benefits following supplementation in a
controlled trial — but this would not necessarily have been predicted from their initial blood
fatty acid profiles.

For either clinical or research use, lifestyle factors (notably smoking and use of alcohol or
other substances) as well as diet should ideally be taken into account when interpreting the
results of any fatty acid profiles, and many studies in this area have not yet controlled
properly for these factors.”” Most fundamentally, however, we still have no idea what blood
omega-3 FA concentrations may be ‘optimal’ for mental functioning. Dietary omega-3 FA
intake in countries with modern western-type diets is probably lower than at any point in
human history, so it cannot be assumed that the reference ranges found in general population
samples are optimal. In keeping with this, significant improvements in mood and energy,
along with reductions in anger and anxiety and corresponding physiological changes were
recently reported following omega-3 FA supplementation in normal healthy adults.*®

Can fatty acid supplementation help?

There is now abundant anecdotal evidence of benefits for child behaviour, learning and mood
following omega-3 FA supplementation, and much of the media attention to this issue in
recent years has involved either case reports of this kind, or ‘open-label’ trials, i.e. studies
with no placebo comparison. Scientifically speaking, such reports are virtually worthless —
and practitioners are urged to be particularly sceptical where such stories are linked (overtly
or covertly) to advertisements for particular products. As I have explained in detail
elsewhere,® commercial influences — and the disproportionate power companies have over
the media - can hugely distort the facts available to both the public and health professionals,
and definitive evidence of a causal role for any intervention ideally requires randomised,
double-blind placebo-controlled trials. For dietary treatments, such randomised controlled
trials (RCT) are not always easy to design or implement, and they also have many other
limitations, *° but they nonetheless remain the best if not the only way to reduce potential
confounds in the evaluation of treatment effects.

Only five RCTs of omega-3 fatty acid supplementation for child behaviour and learning have
so far been published in peer-reviewed journals, although multiple media reports of some of
these have given the impression of many more, and others are still in progress. The evidence
from existing trials has been reviewed in detail elsewhere,* so only the key findings are
outlined here (and see Table 2).

Three of these five RCTs have found benefits for behaviour and learning in children with a
primary diagnosis of either dyslexia,5* ADHD,52 or dyspraxia.53 (No trials of autistic spectrum
subjects have yet come to publication, nor of unselected children from the general school
population). These three successful trials used supplements containing both EPA and DHA in
varying proportions for 3-4 months. Each used an active treatment of mainly fish oil,
providing around 600-700mg of omega-3 HUFA, but the supplements in each case also
contained a little evening primrose oil, providing 60-100mg GLA, along with some Vitamin E;
and the placebo in all cases was olive oil. In all of these studies, the benefits reported included
improved attention and concentration and reduced disruptive behaviour, according to either
parents’ or teachers’ reports. Importantly, the largest study to date, involving over 100
children selected for dyspraxia/DCD, also showed significant benefits for both reading
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Table 2. Randomised controlled trials of treatment with omega-3 fatty acids for child behaviour

and learning

Investi- Diagnosis (and N Active Trial Duration Outcome
gators recruitment (male, | Treatment: Design of
source, age female) | Daily doses of treatment
range) Omega-3 + in parallel
Other groups (+
constituents crossover)
Voigt et al, DSM-1V ADHD 54 DHA 345mg RCT, 4 months No effect of
2001, with minimal or (42,12) (from algae) double- treatment on a
no co-morbidity blind, wide range of
(USA Psychiatric parallel behavioural and
clinic, 6-12 years) groups; computerized
adjunctive to measures of
pharmaco- ADHD-related
therapy symptoms
Richardson & | Dyslexia + 29 EPA 186 mg RCT, 12 weeks Active > placebo
Puri 2002 ADHD features (25,4) DHA 480 mg double- (+12 weeks) | for changes in
(UK Special (from fish oil) blind, parent ratings of
school for Omega-6 (GLA 96 | parallel ADHD-related
children with mg, AA 42 mg) groups (+ symptoms
specific reading Vitamin E 60 TU one-way
difficulties, 8-12 placebo-
years) active
crossover);
monotherap
Yy
Stevens etal | ADHD-type 47 EPA 80mg, RCT, 16 weeks Active > placebo
2003 difficulties + (41,0) DHA 480mg double- for changes in
physical signs (from fish oil) blind, teacher-rated
consistent with Omega-6 (GLA parallel attention, parent-
EFA deficiency 96mg, AA 40mg) groups; rated conduct, and
(USA Vitamin E 56 TU adjunctive to % meeting
Community-based pharmaco- clinical criteria for
sample, 6-13 therapy oppositional
years) defiant disorder
Hamazakiet | ADHD 40 EPA 100mg approx | RCT, 2 months No effect of
al 2004 (Japanese Special (32,8) DHA 510mg double- treatment on a
summer camp for approx blind, wide range of
children with (from fish oil & parallel behavioural and
behaviour fermented soybean | groups; psychometric
problems, 6-12 oil) adjunctive to measures
years ) pharmaco-
therapy
Richardson & | DSM-IV DCD 117 EPA 558mg RCT, 12 weeks Active = Placebo
Montgomery | (mainstream (78,39) DHA 174 mg double- (+12 weeks) | for changes in
2005 schools in one UK (from fish oil) blind, motor function
geographical Omega-6 (GLA 60 | parallel Active > Placebo
region, 5-12 mg) groups (+ for changes in
years) Vitamin E 15 TU one-way teacher-rated
placebo- ADHD-related
active symptoms and
crossover); age-standardised
monotherap measures of
y reading and
spelling
achievement
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and spelling, as well as ADHD symptoms
(see Figure 1), although no advantage could
be shown for the core dyspraxia symptoms of
poor motor skills.

Figure 1. Changes in (a) reading, spelling and (b)
teacher ratings of behavioural problems in children
with DCD following 3 months of fatty acid
supplementation in the Oxford-Durham study.52

A large placebo effect was seen for objective
measures of motor skills, in that both groups
improved significantly over the treatment
period. Whilst this was obviously
unfortunate, it illustrates the vital
importance of having a placebo control
group.

No such placebo effects were found for
reading, spelling or behavioural measures —
and the significant benefits of omega-3 for
such ‘dyslexic’ and ‘ADHD’ features in these
children (only some whom would have met
formal criteria for these conditions too) once
again shows the limitations of conventional
diagnostic boundaries.

By contrast, there have been two negative
studies — both involving children selected for

ADHD, and both using supplementation
primarily or exclusively with DHA.***> While
there were various other differences between
these studies and the positive trials, as

Fig. 1 (b) Changes in ADHD-type symptoms
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discussed elsewhere,*
increasing evidence
indicates that EPA
may be more effective
than DHA in the
management of
behaviour learning or
mood, as discussed
further below.

One additional trial
well worth noting
here is the first small
RCT of omega-3
HUFAS for children
with depression,
which showed clear
benefits over
placebo.” This is
obviously
encouraging given the
relative lack of safe
and effective
treatments for mood
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disorders in children; and behavioural and/or learning problems can often reflect an
underlying mood disorder. Stimulant medications are least successful when ADHD is
accompanied by anxiety or depression, and could even exacerbate problems in children with
tendencies towards bipolar disorder.”” HUFA treatment may well be most effective in these
subsets of ‘ADHD’ children, as substantial evidence now implicates omega-3 FAs in various
mood disorders in adults.*”*

At present, firm evidence for omega-3 HUFAs as a useful treatment for any specific childhood
developmental or psychiatric condition is limited, but this is hardly surprising given the
significant heterogeneity and co-morbidity issues. The overall weight of evidence indicates
that an increased intake of omega-3 may benefit behaviour, learning and mood in many
children, but large-scale, properly controlled trials are now needed to confirm and elaborate
on this, ideally involving unselected children from the general school population.

Guidance for practitioners

As has already been emphasised, dietary supplementation with omega-3 HUFA cannot be
expected to help all individuals with dyslexia, dyspraxia, ADHD, autism or related conditions.
These kinds of diagnostic labels conceal huge individual variability, and all these syndromes
are multi-factorial in nature. Nutritional interventions should always complement other
management approaches, and should ideally be carried out in full consultation with other
professionals involved, particularly if any medical treatment or supervision is ongoing.

Having said this, few ‘normal’ UK diets provide the minimum 450-500mg / day of omega-3
HUFA now recommended for heart health - and on balance, the general health benefits of an
increased intake of EPA and DHA are likely to outweigh any possible risks for most people —
although obviously some individuals may react badly to any particular food or substance.
Mild nausea or other digestive symptoms are the only known negative side-effects of fish oil
supplements, although should these occur, they can often be minimised with attention to
other aspects of the diet. Otherwise, subject to the usual cautions (such as attention to
possible interactions with anticoagulant or other medications), up to 300omg/day of EPA
and DHA is generally regarded as a safe dose.

I would usually advise no more than 1000mg/day without specialist advice or supervision,
and always following an initial medical consultation. Like other nutrients, omega-3 FAs are
always best obtained from food whenever practicable — but many children (and adults) are
not willing or able to consume fish and seafood regularly. Official recommendations to limit
consumption owing to possible (albeit remote) contaminant risks have not helped in this
respect, so supplements can sometimes be the only realistic option.

What factors might predict a good response to omega-3 HUFA
supplementation?

Clearly, for benefits to follow from increasing omega-3 intake there must be some pre-
existing functional deficiencies. As we have seen, however, even the best blood biochemical
measures still give limited information in this respect, although progress is being made both
in this area and in the search for reliable ‘biomarkers’ of vulnerability at the genetic level.

Meanwhile, clinical features that may help to identify those individuals most likely to benefit
from an increased intake of omega-3 FAs appear to include the following, although all of
these still need to be verified through further research.

e Physical signs consistent with fatty acid deficiency — such as excessive thirst,
frequent urination, rough or dry skin and hair, dandruff, and soft or brittle nails, and/or
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atopic tendencies. As noted above, these kinds of signs and symptoms appear to be
unusually common in individuals with behavioural and learning difficulties (and were
related to symptom severity in some studies). Their value in predicting response to
treatment remains much less clear, however — and they may relate to omega-6 FA
deficiencies at least as much as omega-3 FAs.

e Visual symptoms (such as poor night vision or sensitivity to bright light; and visual
disturbances when reading - e.g. letters and words appearing to move, swim or blur on the
page). The critical importance of omega-3 HUFAs (and particularly DHA) for the visual
system is well established. Ongoing studies are now investigating effects of omega-3 FAs
on specific ‘fast’ visual processing channels implicated in dyslexia and related conditions.

e Attentional problems (including distractibility, difficulties with sustained
concentration, working memory problems and feelings often described as like ‘brain fog’)
These are probably the most widely reported improvements following omega-3 FA
supplementation, albeit somewhat non-specific. Symptoms of this kind are typical of not
only dyslexia, dyspraxia and ADHD but also depression and some forms of dementia — all
of which have now been linked with a lack of omega-3 FAs, albeit via many possible
mechanisms including poor blood glucose regulation.”

e Emotional sensitivity or instability (especially undue anxiety/tension, excessive
mood swings, irritability or temper tantrums arising from ‘low frustration tolerance’. The
latter can also contribute to impulsivity and some ‘conduct disorders’, particularly when
this occurs without obvious hyperactivity. Like attentional problems, low or unstable
mood is often linked with imbalances of blood sugar, but the overall evidence of a role for
omega-3 FAs in mood is now substantial.

o Sleep problems (particularly if these involve difficulties in both falling asleep at night
and waking up in the morning). There are numerous possible mechanisms by which
omega-3 could affect general arousal and sleep-wake cycles,”’ but once again, further
investigations are required.

What Formulation is Optimal?

There can be no clear answer to this question — partly owing to individual differences and
partly because the evidence base from properly controlled trials is still so small. For clinical
recommendations, there are several key points to consider.

Is omega-6 needed?

Omega-3 fatty acids are much more likely to be lacking from modern diets than omega-6, and
are also likely to be more important for these purposes. Adequate supplies of omega-6 FAs
are also vital for health, but modern western diets usually provide a relative excess of linoleic
acid, and anyone regularly consuming meat, eggs or dairy products will also usually get plenty
of pre-formed AA, if not an excess. Under these circumstances, the only key omega-6 FA that
might be lacking (if EFA-HUFA conversion is poor) is DGLA — and this is easily obtained
from the GLA found in evening primrose or borage (starflower) oil. There is RCT evidence
that evening primrose oil can benefit children with atopic tendencies (notably eczema), but
with respect to behaviour, two small early trials of evening primrose oil in ADHD-type
children showed no real benefits,”"** Although some contribution from the small amounts of
GLA (and Vitamin E) in the supplements used in the few positive trials with children cannot
yet be ruled out, many adult studies have used omega-3 HUFAs only (and notably EPA) to
good effect, so there remains no good evidence that omega-6 FA supplementation is helpful
for behaviour, learning and mood.
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Omega 3: EPA or DHA?

This is an artificial question, because as emphasised earlier, EPA and DHA are both essential
for optimal brain function, playing different but complementary roles. To simplify hugely,
DHA is critical to the proper structure of neuronal membranes, so adequate supplies are
essential during early development to support brain growth, and throughout life to maintain
membrane fluidity. EPA plays little or no structural role in the brain, but it is nonetheless
essential for the moment-by-moment regulation of brain function via a wide range of
mechanisms.

Unexpectedly perhaps, the current balance of evidence points to EPA, not DHA, as the
omega-3 fatty acid most effective in improving attention, perception, memory or mood,
although most studies have involved adult psychiatric disorders, as discussed in more detail
elsewhere. Further research is still needed to confirm this apparent superiority of EPA over
DHA for various aspects of mental health or performance — but it should be emphasised
again that both omega-3 HUFAs are critically important for a wide range of brain and body
functions, and natural foods that provide one tend also to provide the other. Any extremist
claims for one over the other therefore seem more likely to reflect potential commercial
influences than scientific evidence.

Standard fish oils usually contain EPA and DHA in a ratio of 3:2, although total
concentrations may vary. From the available evidence, supplements with a higher ratio of
EPA to DHA seem more likely to be effective for these purposes, so for current and planned
trials we have chosen ratios of between 5:1 and 7:1 in favour of EPA. Pure ethyl-EPA has been
used with success in a number of studies of adult psychiatric patients, but given that
conversion of EPA to DHA is limited (thought to involve the same delta-6 desaturase enzymes
that appear to be rate-limiting at the initial step of EFA->HUFA conversion), the inclusion of
at least a little DHA in most cases seems advisable in my view.

Optimal dosages and monitoring response

No dose-response studies of omega-3 fatty acids have yet been carried out in children, but the
studies summarised in Table 2 suggest that benefits can be achieved with little more than the
quantities recommended for general cardiovascular health. A pharmaceutical-grade, high-
EPA fish oil supplying just over 500mg EPA daily, with around 100mg DHA in addition, has
been chosen for our own ongoing studies in this area. In our experience, this kind of dosage
may be adequate for most individuals with dyslexia, dyspraxia and milder forms of ADHD
and ASD, but if behavioural problems and/or mood swings and impulsivity are severe, 1g/day
of EPA or more may be indicated — a dose that has been found effective in depression and
other mood disorders in adults. Higher doses of pure ethyl-EPA have been used successfully
in some clinical trials of adult psychiatric disorders, but are probably best used under
specialist supervision, as more is not always better. The only dose response studies to date
have suggested 1g/day of EPA as the optimal dose for depression® and 2g/day for
schizophrenia (where any benefits were less clear in any case).*

Dietary HUFA requirements will clearly differ between individuals, and can also change in
the same individual over time, so optimal dosages are best determined from careful
monitoring, with attention paid to changes in any other factors that may be relevant.

Treatment duration and maintenance issues

Three months is the minimum recommended period for evaluating possible benefits from
increasing omega-3 HUFA intake, because this appears to be the time needed to restore
normal DHA concentrations in brain tissue following chronic dietary deficiency.®” Having
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said this, our clinical and research experience indicates that for those who respond best to
this approach, improvements are often evident on a much shorter timescale: usually within a
week or two, and sometimes within days (and in many cases, benefits seem to be lost just as
quickly if supplementation is discontinued). The most notable subjective improvements
usually involve better attention, concentration, mood and/or sleep.

Some popular commercial supplements make specific recommendations that daily intake can
be reduced to a lower ‘maintenance dose’ after 3 months (usually to around one-third of the
initial dosage). Insofar as any rationale is provided for this, it is usually with reference to the
slow turnover of HUFA in neuronal membranes. The suggestion is that that once membrane
levels have been ‘topped up’ over 3 months, the dose can then be reduced with no loss of
benefits. Unfortunately, there remains no evidence to back these kinds of recommendations,
and in our experience, most people who derive any obvious initial benefits from omega-3
HUFA supplementation seem to need to continue with an intake of around 500mg/day to
maintain those benefits. Furthermore, the two studies that have monitored children taking
this kind of dose for up to 6 months (albeit with no placebo control beyond 3 months) do
suggest that further increases in benefits may result from supplementation with the same
fixed dose for longer than 3 months.

Both dosage and maintenance issues clearly need to be explicitly addressed in future studies.
Until this is done, the best practical recommendation that can be made is that any dose
changes should be made as systematically as possible, and the effects monitored for at least 1-
2 weeks before further changes are instituted.

Other considerations

Fish liver oils are not generally suitable for these purposes, as the high doses needed to
deliver 500-1000 mg/day of EPA and DHA from this kind of source could lead to Vitamin A
toxicity if used on a long-term basis. Having said this, the most recent UK national dietary
survey revealed alarmingly low intakes of Vitamin A (and many other essential
micronutrients) in a large proportion of children, as discussed elsewhere.* This is rather
worrying given the critical importance of Vitamin A for immune function, vision, digestion
and a huge array of other functions. Lack of Vitamin A could also contribute to poor omega-3
HUFA status by impairing EFA>HUFA conversion.’® Small quantities of fish liver oil could
therefore be very useful for children whose diets lack other obvious sources — although this
should of course be checked to avoid possible excess. Anecdotal reports already suggest
benefits of small doses of cod liver oil for some autistic children, which clearly merit proper
investigation.

Quality of HUFA supplements is another crucial issue. While EU regulations should ensure
that fish oils contain no harmful residues such as toxic metals, PCBs and dioxins, even the
processing methods used can sometimes damage these fragile oils. The supplements used in
our current studies are not only highly concentrated (so that fewer capsules are needed), but
also use oils extracted via the best available technology, which is environmentally friendly as
well as keeping temperatures much lower than conventional molecular distillation
techniques. HUFAs are particularly susceptible to oxidation if exposed to light, heat or air.
For this reason, a good intake of Vitamin E and other antioxidants is always advisable along
with omega-3 and omega-6 HUFAs. Vitamin E is added to some specialist supplements, but
very few include Vitamin C or other antioxidants needed to recycle this. Whole, unprocessed
foods (particularly fruits, vegetables, nuts and seeds) are of course the best way to provide the
full spectrum of antioxidants and other phytonutrients, as well as vitamins, minerals and
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other essential micronutrients; so again, the priority should be to achieve an overall balance
to the diet.

Conclusion

Finally, it must be re-emphasised that multiple strategies are usually needed for the optimal
management of difficulties in behaviour, learning or mood. Dietary interventions should
always be seen as complementary to other approaches, and optimising fatty acid intake is
obviously only one aspect of good nutrition, albeit a central one. Additional factors worth
considering in the management of any child behaviour or learning problems include other
specific micronutrients, potential toxins or adverse food reactions, other issues concerning
digestion and absorption and of course blood sugar regulation, all of which are discussed
elsewhere.*

Research is only just starting to illuminate many of the key aspects of fatty acid metabolism,
and until better diagnostic tests become available to inform nutritional practice, there is no
substitute for clinical observations and experience. Omega-3 FA intake is probably sub-
optimal in most UK children and adolescents, but as this review makes clear, there are many
reasons why some individuals may have unusually high dietary requirements for the pre-
formed Omega-3 HUFAs, EPA and DHA. Given the evidence reviewed here, it should hardly
be surprising if these individuals turn out to be over-represented among those with obvious
difficulties in behaviour, learning or mood.
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