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Introduction
Omega-3 and omega-6 farty acids are essential to human health and development. During
the last century, intake of omega-6-rich foods (eg, plant-based oils) increased, while thar of
omega-3-rich toods (eg, fish and fish oils) decreased. (132} The recommended ratio for
dietary intake of omega-6:omega-3 ranges from 4:1 to 7.5:1.(3) The modern western diet
is deficient in omega-3 tatty acids; (4) recent dara suggest a 17:1 to 25:1 ratio in North
America. (5H6)7) Evidence suggests thar omega-3 deficiencies may play a role in
neurodevelopmental  disorders, including  attention-deficit /hyperactivity  disorder
(ADHD), dyslexia, dyspraxia, developmental coordinarion disorder (DCD), and the
autism spectrum disorders (ASDs). These conditions are increasingly prevalent in western
socieries, with estimated prevalence rates of more than 10% in children. (8) Such condi-
tions share a number of features: 1) affected children often experience problems in motor
or oculomoror kimction, language development and proficiency, social skills, and visual
and auditory processing; 2) the disorders are disproportionally more prevalent among
males; 3} there is substantial comorbidity among the disorders; and 4) the disorders often
cluster in families. (7)(8)(93( 10) This review describes the effects of omega-3 fatry acid on
the course and outcome of neurodevelopmental disorders,

Pharmacologic Action

The most important omega-3 farty acids for cognitive development are the polyunsatu-
rated fatty acids (PUFASs) eicosapentaenoic acid (EPA) and docosaliexacnoic acid (DHAD.
(7} These essenuial farry acids { EFAs) are synthesized in the body from alpha-linolenic acid,
but because the conversion process is inetlicient, (11)(12) EPA and DHA must be
provided by the dier. Known to have anti-inflanunatory effects, the omega-3 fatty acids
inhibit plateler aggregation (13) and are critical for brain development and function. (7)

Evidence of Efficacy

ADHD
The role of PUFAs in ADHD, a disorder characterized by inattention, hyperactiviry, and
impulsivity, was hypothesized initially by Colquhoun and Bunday in 1981. (14) The
authors administered a survey to children belonging to the Hyperactive Children’s
Support Group and concluded that many participants were deficient in PUFAs.

Blood biochemical studies have provided support for the hypothesis that children
afflicred with ADHIY are deficient in PUFAs or have problems with farty acid merabolism.
{I5X16)(173(18)(19) In addition, animal studies have shown that omega-3 deficiency
throughout gestation and [acration is related to attention and behavioral dysfunctions
comparable with those scen in ADHD. (20)

Studies examining the clinical effects of PUFAs on ADHD symptoms have produced
mixed results. Two randomized, controlled trials (RCTs) of DHA alone compared with
EPAalone or a combination showed no significant treatment effecr. (21 )(22) For example,
Voigr and associates (22) administered 345 mg per day of DHA for 4 months 1o 32
children who had ADHID and found no statistically significant differences berween these
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children and a placebo group on measures of arrention or
impulsivity. However, studies in which the treatment
group received a combination of DHA and EPA have
reported greater treatment elfects, suggesting thar EPA
or a combination is responsible for anv benefits.
(7H23)24)25)26) One RCT involved 41 children
(ages 8 to 12 years) diagnosed as having DCD, who were
suspected of having dyslexia and who displayed ADHD-
like symptoms. (25) After receiving daily supplementa-
tion of either 186 mg EPA and 480 mg DHA or olive oil
placebo, the reatment group received significanty lower
scores on scales of inartention compared with the pla-
cebo group and improved in three of seven ADHD scales
compared with baseline. Within the placebo group, there
were no significant improvements on any scale compared
with bascline.

Asimilar RCT, in which 50 children ages 6 to 13 years
who had ADHD-like symproms and behaviors received
cither 480 mg DHA and 80 mg EPA or olive oil placebo
daily for 4 months, found that EPA+DHA supplemen-
tatton was related to significant improvements in parental
rarings of conduct and teacher ratings of artention com-
pared with the placebo group. {26) However, the treat-
ment group showed no improvement over the placebo
group in 14 of the 16 outcome measures used. Two
recent RCTs, one from Australia (27) and one from Iraly,
{28) reporied some beneficial trearment effects. Sinn and
Bryan (27) measured the effects of fatry acid supplemen-
tation (558 mg EPA, 174 mg DHA, 60 mg gamma-
linolenic acid | GLA], and 1,038 mg vitamin E), fatty acid
plus multivitamin/mineral supplementation, and pla-
cebo on learning and behavioral problems in 132 chil-
dren. Eligible children were 7 to 12 vears of age, had
scored in the 90th percentile on the Connors abbreviated
ADHD index, (29) and were not taking any stimulant
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medication or recent omega-3 supplementation. After
15 weeks, the trearment groups showed significanr im-
provement on 9 of 14 parent rating scales but not on any
teacher rating scales. Although participants  were
matched with similar controls, the regional pilot study of
Germano and associates {28) did nor have a placebo
group. However, it is the only study that has used dosing
according to body weight (2.5 g/10 kg per dav), with an
EPA:DHA ratio of 1.89. After 8 weeks of consuming a
mean daily dose of 0.234 g/10 kg fish oil, 16 children
{ages 3.5 to 16 years) experienced significant reducrions
in inatrention and hyperactivity, Clinical improverment
tbased on score differences) did not appear to be related
linearly to fish oil dose. High rates of dropout and low
compliance were limiting factors in both of these recent
studies, Furthermore, a limitation of three studies
(25)26)27) is that inclusion was based on ADHD
symptoms rather than on formal ADHD diagnosis.

Available data are inconclusive as to the beneficial
cffects of PUFAs on ADHD-related behaviors. Some
degree of positive treatment effect has been reported for
most trials, but as other authors have noted, (7)(30431)
drawing conclusions regarding the eflicacy ot PUFAs tor
treating ADHD symproms is limited by inconsistent
methodologies, including different inclusion criteria,
doses and rarios of EPA and DHA, study lengihs, and
QUTCONIE measures.

Dyslexia
Dyslexia is a language-based learning disability character-
ized by specifc difficulties in reading and spelling as well
as written language. A 1985 case study found that an
aftected child had clinical signs of fatry acid deficiency,
including dry hair and dandruff, weak fngernails, and
rough and dry skin; subsequent blood testing confirmed
a fatty acid deficiency. Supplementation alleviated the
symproms and improved the child’s school performance,
{32) Richardson and associates (33) found that higher
fatry acid deficiency scores among males were related to
poorer reading and spelling ability as well as 1o poorer
performance on recall of digits, a measure of auditory
working memory. Recently, an open study was con-
ducted in Sweden with 19 children (ages 9 to 17 years)
diagnosed as having dyslexia, (34) Atter 20 weeks of
receiving daily doses of 108 mg EPA, 480 mg DHA,
96 mg GLA, 35 mg arachidonic acid (AA), and an
unspecitied amount of vitamin E, children experienced
improvemenrs in reading speed and general schoolwork,
based on word-chain tests as well as on parent and child
subjecrive evaluarions.

No fhish oil RCT has been conducted with children



who are formally diagnosed as having dyslexia, An RC'T
by Richardson and Puri (25) that involved children sus-
pected of having dvsiexia had promising results, as de-
scribed previously. The 22 children given PUFA supple-
mentation had significantly improved scores on measures
of inattention and general behavioral problems com-
pared with the 19 children who received placeho, and the
treated children showed signiticant reductions on several
ADHD subscales compared with baseline. The placebo
group did not have significant improvements on any scale
but showed symptom reductions similar o the original
treatment group after a 12-week crossover period, dur-
ing which rime they also received fish oil supplementa-
tion. This finding suggests that additional study is
warranted to determine whether children meeting well-
defined criteria for dyslexia may benefit from EFA
supplementation.

Motor Coordination Disorders
Dyspraxia involves specific impairments of mator func-
tion and motor planning. Along with DCID, which
involves marked impairments in motor coordination,
dyspraxia commonly is associated with learning, organi-
zational, and behavioral dithiculties as well as psychoso-
cial maladjustment. (35)(36) One small open study, in
which 15 children who had dysprasia were tested before
and atier 4 months of daily supplemenration with a
mixture that provided 480 mg DHA, 35 mg AA, and
96 mg GLA, found that supplementation was associated
with significant improvements in motor skills. {37) The
only RCT to date was a crossover trial of 117 children
ages 5 to 12 years who had DCD and received either 3
months of daily supplementation with 558 mg EPA,
174 mg DHA, and 60 mg GLA or olive oil placebo. (23)
Although the rrearment group did not display significant
improvements in motor skills compared with the placebo
group, their spelling and reading scores improved signif-
icanily compared with those of the control group. They
also displayed significant reductions in ADHD-related
symptoms, as assessed by the Connors Teachers Rating
Scale. After a 3-month crossover, wherein the placebo
group received supplementation, this group showed im-
provements in reading, spelling, and ADHD symproms
similar to children in the original active treatment group.

ASDs
Parients diagnosed with ASIY exhibit restricted patterns
of behavior, behavior disturbances, language abnormal-
ities, and marked impairment in social interaction.
(38)(39) Blood biochemical studies have reached mixed
conclusions as ro whether children who have ASD have

complementary mmedicine  fish oils and neurodevelopmental disorders

abnormal PUFA concentrations. In two studies, children
who had ASD, compared with children who did not have
this diagnosis, had reduced EFA concentrations in
plasma {40} and red blood cells. {9) However, in a third
study, published most recently, 16 chikiren ages 12 to 20
vears old who had ASD had elevared concentrations of
DHA in plasma compared with the contral group. (41)

Supplementation studies in children who have ASD
have been few. Bell and associates (9) found thar supple-
mentation with EPA-rich fish oils for at least 6 months in
nine children diagnosed as having ASD (compared with
18 unsupplemented children who had ASD and 55 con-
trols) resulted in improvements in general health, sleep
patterns, cognitive and motor skills, concentration, eye
contact, and sociability as well as reductions in infection,
irritability, aggression, and hyperactivity, as reported by
parents. However, this was an open-label study, which
limits the validity of the results, The first double-blind,
placebo-controlled RCT, a pilor study, was conducted in
Austria in 2007. (38) Seven children ages 5 to 17 vears
received daily fish oil supplementation (840 mg EPA,
700 mg DHA, 7 mg viamin E) while six matched
controls received coconut oil placebo. After 6 weeks, no
significant differences between the groups were found,
although the treatment group had reductions in hyper-
activity and stercotypy compared with the contro! group.
The small sample size and relatively short study period
timit the ability to draw firm conclusions.

Safety Profile

The satery prefile of omega-3 fatty acids generally is
favorable. Qoly two studies described previously re-
ported trearment-relared adverse events. Sinn and col-
leagues (42) reported rwo cases of slight nausea and one
of nose bleeds, and Amminger and associares (38) re-
ported a case of mild fever. Fish oil can cause an unpleas-
ant fishy aftertaste or “fishy burp,” which may increase
the risk of noncompliance. Other potential adverse ef-
fects inelude gastrointestinal upser (flatulence, pain, di-
arrhea, belching, heartburn, nausea), altered immune
response, reduced blood pressure, and increased risk of
bleeding (at high doses). (43344 ) Fish ol may interact
with anricoagulants (eg, warfarin) or antiplatelet drugs
(eg, aspirin) (45)46)(47)(48) and oppose the action of
statin drugs. Supplements should be used cautiously in
patients at high risk for hemorrhagic srroke (49) as well as
those in the postoperative period or taking any of the
previously noted medications. (45)
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Recommended Dose

The United Stares Food and Drug Administration con-
siders a daily intake of less than 3 g EPA+DHA to be
generally sale, including in the preoperative period;
higher inrake may increase the incidence of adverse ef-
fects. (50} Dose recommendations for children have not
been firmly established. Farty fish consumed in large
amounts may be unsale due to potendally significant
amounts of toxing such as mercury, polyehlorinated bi-
phenyls (PCBs), dioxin, and dioxin-related compounds,
However, fish oil in the form of supplements contains
little-ro-no mercury and low concentrations of PCBs and
toxins, (51)52) Parents should consult their child's
pediatric clinician before starting any fish oil supplemen-
tation,

Conclusion

Neurodevelopmental disorders have complex etiologies
involving both generic and environmental factors. Ob-
jective biologic markers for many of the disorders have
vet to be identified. (7) Fish oil supplementation, espe-
cially with supplements containing EPA, may lead to
improvements in learning and behavior in some children
who have neurodevelopmental disorders. However, the
evidence is mixed and its interpretation limited by vari-
abiliry in study design and inclusion criteria. Future large,
well-designed studies are needed to illuminate the rela-
tionship berween omega-3 tarry acids and neurodevelop-
mental disorders.
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