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Effects of Low Doses of Polyunsaturated Fatty Acids on the Attention
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Abstract: Since attention deficit/hyperactivity disorder (ADHD) presents high prevalence among children, science has
been researching alternative forms of treatment that do not involve medication. Objective: To evaluate the effects of
polyunsaturated fatty acids (PUFASs) on attention deficit/hyperactivity disorder. Methods: We reviewed the articles
published between 1980 and 2012 indexed in the databases PubMed, APA psychNET, Scopus and Web of Knowledge.
Results: Initially 231 articles were selected, out of which 12 met the inclusion criteria. The articles selected reported a
modest cognitive and behavioral improvement of the patients after treatment with low doses of PUFAs. Those results
might be associated with the evaluation methodology, the doses of PUFAs administered or the duration of treatment.
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INTRODUCTION

Attention deficit/hyperactivity disorder (ADHD) is a
development alteration characterized by impulsiveness, excess
of activity and limited capacity to keep attention [1,2]. Its
prevalence all over the world is between 6.5% and 11%
among children aged 5 to 15 years [3]. The neurobiological
alterations include dysfunction in the dopaminergic
transmission in the striatal structures and frontal lobes [4],
and a lower brain volume [5]. These affected brain areas
correspond to attention and executive functions (working
memory, motor control and inhibition) [6].

The most common treatment modality involves the use of
stimulants such as methylphenidate. They inhibit the
reuptake of noradrenaline and dopamine by means of their
transport protein, leading to an increase in the extracellular
concentration of these catecholamines in the brain [7]. A
study showed that 32% to 64% of the children still present
significant levels of ADHD in spite of the treatment [8].
Therefore, it is important to develop new strategies to
improve the treatment of this disorder. Some studies
evaluated the effect of PUFAS such as omegas 3 and 6 on
this disorder [9-18].

The two main families of PUFAs are omega 6 (linoleic
acid) and omega 3 (alpha-linolenic acid). The metabolic
product of linoleic acid is the arachidonic acid (AA), and
those of the alpha-linolenic acid are the eicosapentaenoic
(EPA) and the docosahexaenoic (DHA) acids [19]. These
PUFAs might be utilized as mediators of immune and
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inflammatory responses and as energy source in several
physiological systems and membrane structures [20]. These
acids are essential for the central nervous system to work
well, since about 50% of the brain weight consists of lipids,
out of which 20% are PUFAs [21].

It is widely recognized that a diet deficient in omega 3
might influences neurotransmission, namely the dopaminergic
and the serotonergic systems [22, 23]. As a result, the
amount of dopamine can be reduced [24]. Conversely,
supplementation with fish oil increases the level of dopamine
and reduces monoamine oxidase B activities [25]. Therefore,
as in the treatment with medication, the increase in the
ingestion of omega 3 might enhance the central activity of
dopamine in the pre-frontal cortex over time, thus reducing
aggressiveness and impulsiveness [25-27].

Childhood is a critical and vulnerable period in which the
supplementation with PUFAS is fundamental for the good
working of the brain [28]. PUFAs, especially DHA and AA,
accumulate rapidly in the gray matter of the brain [22] in this
period, and its deficiency may cause deficits in memory,
learning, mood and the sensorial system that can be
irreversible [26]. Therefore, a diet rich in DHA might play a
crucial role in the cognitive development and neural
disorders of children [22].

Considering the relevance of this issue, we performed a
systematic review of the literature in order to evaluate the
effects of polyunsaturated fatty acids (PUFAS) on attention
deficit/hyperactivity disorder.

METHOD

We used the databases PubMed, APA psychNET, Scopus
and Web of Knowledge to search for articles published
between 1980 and 2012. We selected placebo-controlled
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studies in English that used supplementation with omega 3
and/or 6 to treat children with ADHD. The inclusion criteria
were original and controlled articles that used PUFAs
capsules supplementation, and evaluated the behavior and
the cognitive functions of children with ADHD. In order to
do so, we utilized the following boolean descriptors: (adhd
OR attention deficit disorder OR attention deficit hyper-
activity disorder OR attention-deficit/hyperactivity disorder)
AND (omega OR docosahexaenoic acid OR alpha linolenic
acid OR eicosapentaenoic acid OR arachidonic acid OR fish
oil OR flax oil OR linseed oil OR polyunsaturated fatty
acids).

We found 231 papers and selected only 13 of them
(Fig. 1) (Table 1). Out of the 218 articles excluded, 79 were
not original papers; 53 did not evaluate children with
ADHD; 40 did not use supplementation with capsules of
PUFAs; 23 evaluated neither children with  ADHD nor
supplementation; seven were carried out with adults; six
studies evaluated animals; four did not assess the effect of
supplementation on behavior and cognitive functions; three
articles were not randomized; two were written in a language
other than English, and one article was not found.

RESULTS
The Effect of PUFAs on Behavior

The first study included 31 children of both genders who
had ADHD and were not under medication, allocated to two
groups (experimental and placebo). The experimental group
ingested daily capsules containing 2,160 mg of linoleic acid
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and 270 mg of gamma linolenic acid (both omega 6) for four
weeks, while the control group ingested liquid paraffin in the
same period. The children improved in relation to attention
and hyperactivity according to the reports of their parents
and teachers [9].

However, Arnold et al. [10], in a similar study did not
observe significant differences even when higher doses of
omega 6 were used (2,800 mg of linoleic acid, 320 mg of
gamma linolenic acid) and the treatment periods were longer
(12 weeks).

Two other articles [11, 17] evaluated the effect of omega
3 (EPA and DHA). The first study evaluated children who
were already stable as a result of traditional medication
(methylphenidate, dextroamphetamine or amphetamine) for
ADHD. Nevertheless, their medication was withdrawn 24
hours prior to the evaluations. The volunteers were randomly
allocated to two groups, placebo and experimental. The
author did not state what kind of placebo was used. As for
the experimental group, volunteers received capsules
containing 345 mg of DHA (omega 3) for 16 weeks. This
procedure did not improve the behavior of the children.
However, it is important to emphasize that although the
medication was discontinued prior to the evaluations, the T-
score in the evaluation of the CBCL for parents indicated
that the behavior of the children was already stabilized since
the beginning, which can result in a ceiling effect [11].

The second study utilized both DHA and EPA (2.7 mg
and 500 mg, respectively), and compared their effects with
those of rape oil (placebo) for 15 weeks. After this period,

Articles excluded by
the analysis of the title

n=185

Articles excluded by
the complete analysis

of the articles n= 06

Articles obtained
through the
bibliographical review
n=231

Articles obtained after
the analysis of the title
n=46

Articles obtained after
the analysis of the
abstract n=19

Atrticles included in the
review n=13

Articles excluded after
the analysis of the

abstract n= 27

Fig. (1). Flowchart of the selection of studies. After reading the title and the abstract we excluded the articles that did not meet the
inclusion criteria. After reading the whole article we excluded two of them which did not used supplements, but only changed the diet of the
participants; one which did not have a group with ADHD alone, and three which were not randomized.
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Table1. Review of the Articles Analyzed in this Systematic Review
- Participants (Final N, % | Treatment: Most important results
2 & | of male gender, age, Supplementation
QL 3 . .
2 @ | medication, subtype and | (Amount per capsule); Cognitive Behavioral
co-morbidities) Placebo; Duration
31; 829%; 8.86+1.88 years In the comparison among groups
i ups:
@ old; did not use 6 capsules of Efamol Time seatzd during the ?egs;t' " Comparison among groups:
- s :
3 medication during the i P o 9 p : g group _ N
T . (Linoleic acid -n-6- -Short term memory: > accuracy -Attention problems and excessive motor activity:
= study; the author did not . . . . . .
= A . 360mg, Gama Linolenic in the experimental group; 1 in the experimental group;
put specify subtypes; none of . o
S acid -n-6- 45mg ); -Reaction time in the memory test | -Test ACTeRS - Global 2: Trend for > of the
IS the volunteers presented ) - . . . .
< . Paraffin; 4 weeks with distraction: > in the teacher in the experimental group.
neuropsychological .
. experimental group.
disorders.
Comparison among groups:
-Evaluations carried out by the parents: < between
18: 100%; 6 t012 years ‘ ythep <
2 . 9 capsules of Efamol control and experimental. There was a general and
> old; did not use . L . .
- . (Linoleic acid -n-6- moderate 1 in the D-Amphetamine.
_ psychoactive substances; . . . .
< ™ X . 350mg, Gama Linolenic - Evaluations carried out by the teachers:
- & the author did not specify . . L N . .
- acid -n-6- 40mg and Vit. --Hyperactivity: Significant difference in the 3 best
S subtypes; all of them had . . ]
= . . E 13 iu); Paraffin; 12 scores for D-Amphetamine, followed by EFAMOL
= their intelligence
< weeks (4 weeks each) and control.
preserved. . e
-For most of the measures, Efamol did not differ in
the other groups.
54; 78%; 6 to 12 years
old; all volunteers used After 4 months:
medication -TOVA.: -- Errors of omission:
. (Methylphenidate; 3 capsules of Algae More errors in the experimental
o
Q dextroamphetamine; derived triglyceride — group;
= < amphetamine),withdrawn DHASCO- (DHA -- Errors of omission: The placebo | CBCL and Conners Rating Scale: < between the
E 24 hours prior to the 115mg); does not specify | group made fewer mistakes; groups.
? evaluations; Subtypes the type of placebo; 16 -- Response time: The placebo
> Combined and Inattentive; | weeks group took longer to respond.
Co-morbidities: Conduct -Colors trail: There was an 1 in the
disorder and oppositional test of both.
defiant disorder
Treatment period (after 3 months):
- Conners index: the placebo group presented a |;
- CPRS-L (psychosomatic, anxiety-shame and
cognitive problems), DSM-IV (inattentiveness,
hyperactivity/impulsiveness and global) and
Conners global: the experimental group presented
. an 1 in the scores;
[N 29, 85% at baseline; 8-12 Conners (emotional lability and
. - i ili
S years old; the authors did 8 capsules of (DHA ; . Y .
B restlessness/impulsiveness): the experimental group
= not state whether 60mg, EPA 23.25mg, .
5 . L presented a trend toward improvement.
a volunteers used Gama Linolenic acid -n- .
& L . . . Comparison between groups after 3 months:
Lo medications nor did they 6-12mg, Vit. E7.5iu, , . . .
S . S -CPRS-L Total and DSM-IV inattentiveness 1 in
@ specify subtypes; all cis-linoleic acid 108mg, .
© . the scores of the experimental group;
< volunteers presented AA 5.25mg and thyme oil . .
S . . L - CPRS-L (impulsiveness-restlessness,
z dyslexia or reading and 1mg); olive oil; 12 weeks. . .
. psychosomatic, cognitive problems and
writing problems. K .
anxiety/shame): there was a trend toward 1 in the
experimental group;
- CPRS-L (cognitive problems, anxiety/shame and
Conners global index): the experimental group
presented an 1;
- CPRS-L (emotional lability): the experimental
group presented a trend toward improvement.
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Table 1. contd....

Participants (Final N, %

Treatment:

Most important results

anxiety/shame,
perfectionism, social and
psychosomatic problems.

g,_ -.: of male gender, age, Supplementation
> % icati : - .
2 medication, subtype and (Amount per capsule); Cognitive Behavioral
co-morbidities) Placebo; Duration
Parents’ evaluation:
- CPT index: < in the experimental -ASQ-P: There was an 1 in both groups;
roup. The placebo group presented a|; -DBD parents (hyperactivity, attention and
33 children selected for group . .p groupp t p ( .yp . v
-Reaction time (correct answers): oppositional defiant disorder): There was an
« FADS symptoms; 76% at 8 capsules of Efalex- .
S . . . presented a treatment effect. tin the scores of both groups;
Y baseline; 6 -13 years old; efamol (Gama Linolenic . . .
= . . . - WJ-R Test (cognitive ability and -DBD parents (behavior):
< the children could be acid -n-6- 12mg and Vit. . i . . .
S < . L auditory processing): there was an 1 in There was an 1 in the experimental group.
a taking medication. The E 3mg, DHA 60mg, EPA } .
5 . . the experimental group. Evaluation of teachers:
2 authors did not specify 10mg and AA 5mg); . . .
2 . . -Clinical evaluation (based on the -DBD teachers (attention): the treatment effect
@ subtypes and co- olive oil; 16 weeks. . o
morbidities report of parents regarding the subscale | was not significant for those who completed
’ oppositional defiant disorder): the treatment, but it was significant for those
presented a treatment effect who intended to do it, in which the
experimental group presented an 1.
Phase 1:
CPRS: 1 Cognitive/lnattention; 1 Conners
ADHD Index; Conner Global Index:
Restless/Impulsive for the PUFA group
DSM-IV: 1 Inattentive;
1Hyperactive/Impulsive for the PUFA group
Opposicional Behavior for the PUFA grou
6 capsules of Eye Q, 1 Opp . grolp
. . Phase 2 (all volunteers received
containing 400mg of fish .
~ . PUFA+Polyvitamins):
= . oil and 100mg of .
I3 87; 74% at baseline; 7-12 X . PUFASs Group continued to 1 CPRS:
= . primrose oil (Gama . .
< years old; Were not taking . . . Cognitive/lnattention; 1 Conners ADHD
> © oo Linolenic acid -n-6-
om 5 medication; The authors . Index; Conner Global Index:
- i . 10mg and Vit. E 1.8mg, . .
S did not specify sub-types Restless/Impulsive; /DSM-IV: 1 Inattentive;
s DHA 29mg and EPA ) i
£ and co-morbidities; 1 Hyperactive/Impulsive;
> 93mg) and/or .
L i After the switch Placebo Group started to
polyvitamins); palm oil; » .
1 CPRS: 1 Cognitive/Inattention;
15 + 15 weeks. L
Hyperativity; 1 Conners ADHD Index;
Conner Global Index: Restless/Impulsive;
/DSM-1V: 1 Inattentive;
1Hyperactive/Impulsive;/ 1 Perfectionism;
1 Social Problems
There was no change in the Conners Teacher
Rating Scales
Correlations:
6 capsules of Eye Q, -FADS (fatty acid deficiency symptoms
87; 74% at baseline; 7-12 p. . yeQ . (fatty Y Ssymp ) .
. containing 400mg of fish and CPRS subscales: there was no correlation
years old; Were not taking . .
oo oil and 100mg of in the basal;
medication; The authors X R .
~ . . primrose oil (Gama -FADS basal and magnitude of CPRS
S did not specify sub-types; . . . . ;
I © . Linolenic acid -n-6- (0 minus 15 weeks): there was a negative
i 5 Co-morbidities: . . .
c N 10mg and Vit. E 1.8mg, correlation in both experimental groups.
D Oppositional;

DHA 29mg and EPA
93mg) and/or
polyvitamins); palm oil;
15 + 15 weeks.

-FADS and improvement in the CPRS sub-
scales (cognitive problems/inattentiveness,
hyperactivity, ADHD index), hyperactivity
/impulsiveness DSM-1V, DSM-1V total:
there was a small negative correlation.
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Table 1. contd
‘6 . | Participants (Final N, % of Treatment: Supplementation Most important results
§ E male gender, age, medication, | (Amount per capsule);
F “ | subtype and co-morbidities) Placebo; Duration Cognitive Behavioral
Phase 1:
Creating Counting (# of correct
6 capsules of Eye Q, answers and # of switches-
containing 400mg of fish oil evaluates attention and executive
and 100mg of primula oil functions) and Vocabulary: the
(Gama Linolenic acid -n-6- experimental groups presented
10mg and Vit. E 1.8mg, DHA an twhen compared to the
29mg and EPA 93mg) and/or placebo group;
polyvitamins (vit: A 175 U, Phase 2 (all volunteers received
132 (1 phase) and 109 (2™ thiamine nitrate 700 mcg, B2 PUFA-+Polyvitamins):
é phase); 1,1mg, B6 1.3mg, - Creating counting Test (# of
“f, 74%; 7-12 years old; Had not nicotinamide 12mg, C 60mg, correct answers and # of
‘_j z been taking medication for at D3 100 ui, B12 1,5mcg; E6 switches), Vocabulary, Digit
2 least 3 months; The authors did ui; biotin 50 mcg; B5 2.7mg; Symbol Coding, Block Design,
':,E) not specify sub-types and co- folic acid 100 mcg; anhydrous | Stroop Test (errors) and
morbidities; calcium hydrogen phosphate Inspection Time: there was an 1
33.9mg ; iron fumarate 7.5 in the placebo group;
mg; magnesium oxide 8.32; -Creating counting ((# of correct
manganese sulphate 77 mcg; answers and # of switches),
zinc oxide 1.25; copper Vocabulary, Digit Symbol
gluconate 178.6 mcg; Coding, Block Design, RAVL
potassium iodate 118 mcg); recall (total and delayed) and
palm oil; 15 + 15 weeks Stroop Test (errors and score):
there was an 1 in the
experimental group.
63; 60%;7-13 years old; Had
not been taking medication for -TOVA errors of commission
3 at. least 1 mo.nth; The authors 2 capsules (Linoleic acid -n-6- (impulsivenfzss): The aythors. -DSM-IV parents (attention and
S did not specify sub-types; Co- 240mg, ALA- n-3- 60mg, observed a time effect in which L
N . . . . hyperactivity): The authors observed a
= o mObeqIItIESZ Iear.nmg ;?roblems, mineral oil 95mg and there was an 1 after the treatment time effect in which there was an 1 after
bt oppositional-defiant disorder, tocopherols 5mg); 2 Tablets of | period. .
3 anxiety, OCD, conduct vitamin C (Ascorbic acid 500 -TOVA reaction time and the treatment period.
ad . - o L -DSM-IV teacher: <
disorder, sleep disorder, mg each); 7 weeks. variability of reaction time:
Tourette syndrome, tics and There was a | after treatment;
dyspraxia.
Period of study:
-Phase 1:
--ADHD rating score (total and sub-
scales): <« in the comparison of groups.
- Global Clinical Impression: There was an
64; 84%); 12+2,16 years old,; 1 in the experimental group after 3 months
Only one patient was under when compared with the placebo.
medication; Subtypes -Phase 2:
§ Combined and Inattentive; Co- . . --ADHD rating score (total and sub-
N morbidities: Reading, 6 c.apsules (Gama L|n9lemc scales): < in the comparison between
< © defiant/oppositional and acid -n-6- 10mg and Vit. & groups.
3 s o 1.8mg, DHA 29mg and EPA ) ) _
§ c90rd|nat|on de.velop.m.ent . 93mg): olive oil: 12 + 12 Eval.uatlon o.f the Responsweness..
_g disorders; Ie.arnlng dlf.fI.Cu|tIeS; weeks. The |natt(.ent|ve were more responsive than
S traces of autism; conditions the combined.
similar to those of Asperger in - 25% or more improvement in ADHD RS:
autism; Tourette syndrome; --Phase 1: 26% 1 in the experimental
depression, anxiety and OCD. group and 7% in the placebo.
--Phase 2: 47% tin relation to basal.
- 50% or more improvement in ADHD RS:
--Phase 1: 12% 1 in the experimental
group and none in the placebo;
--Phase 2: 12% 1.
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Table 1. contd....

Type of
study

Participants (Final N, % of
male gender, age, medication,
subtype and co-morbidities)

Treatment: Supplementation
(Amount per capsule);
Placebo; Duration

Most important results

Cognitive

Behavioral

Bélanger et al., 2009

5;6

26; 69%; 6-12 years old; Were
not taking medication; the
authors did not specify sub-
types; did not present co-
morbidities

Depending on the child’s
weight, 2 to 4 capsules (DHA
8.5 to 10.5mg/kg/day, EPA 20
to 25mg/kg/day and Vit E 3.75
per capsule); 500mg of
sunflower oil (70% Linoleic
acid, 5%. Oleic acid, 5%
Palmitic acid, 5% Stearic acid
and Vit. E); 8 + 8 weeks

-SWAN Teachers: no significant
differences among the groups n-3 and n-6
after 16 weeks;

-Conners (cognitive problems, social
problems, anxiety-shy, ADHD index and
restlessness-impulsiveness) and DSM-IV
(inattentiveness): there was an 1 in both
groups when basal was compared with
phase 1;

-Conners (hyperactivity and total index)
and DSM-1V (hyperactivity / impulsive
and DSM-1V total) there was an 1 only in
the group n-3 when basal was compared
with phase 1;

-DSM-1V (inattention): there was an 1 in
group n-6 when phase 1 was compared
with phase 2;

-Conners (cognitive problems /inattention,
hyperactivity, perfectionism, ADHD index,
restlessness-impulsiveness and total index)
and DSM-1V (inattention, hyperactivity/
impulsiveness and total index): there was
an 1 in both groups when basal was
compared with phase 2.

Correlations:

-There were no correlations between the [ ]
of ALA, DHA and EPA and the tests
SWAN and Conners;

-There was a negative correlation between
the ALA and the ADHD symptoms;
-There was a positive correlation, though
low, between the EPA and DHA and the
ADHD symptoms.

Gustafsson et al., 2010

82; The authors pointed out that
there were more males than
females;7-12 years old; Were
not taking medication; Sub-
type Combined; Co-
morbidities:
defiant/oppositional and
neuromotor disorders; tics and
anxiety.

1 capsule of Plus EPA (DHA
2.7mg, EPA 500mg, Vit. E
10mg Tocopherols); rape oil
and Medium-Chain
Triglycerides; 15 weeks

-CPRS and CTRS (together or not): <
after 15 days in both groups.

-CTRS (inattentiveness/cognitive
difficulties): There was an tin the sub-
group “intention to treat” after the
treatment.

By sub-groups:

-Oppositional behavior:

--CTRS + CPRS: there was an 1 after
treatment.

--CTRS: presented an 1 in the
experimental group in the 5" and 10"
weeks, and remained after this period. The
placebo showed a slight 1 in the problems
evaluated in the 5" week.

--CTRS (inattention/ cognitive problems
and oppositional behavior): there was an 1.
-Hyperactive-Impulsive (in the Qb-test):
--CTRS: showed an 1 in the least
hyperactive/impulsive, and with
oppositional behavioral.

- Neuromotor problems/dyspraxia: <.
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‘6 . | Participants (Final N, % of Treatment: Supplementation Most important results
§ E male gender, age, medication, | (Amount per capsule);
F | subtype and co-morbidities) Placebo; Duration Cognitive Behavioral
There was no effect of the treatment with EPA
There was no effect of the and DHA when compared with the placebo
treatment with EPA and (LA).
DHA when compared with Correlations:
70; 79,3%; 7 - 12 years old; the There was a strong correlation between the
Were not taking medication for placebo (LA). increase of DHA in the erythrocytes and the
ADHD, but 12 children were Correlations: improvement in the oppositional behavior after
using other kinds of There was a strong treatment, according to the parents.
medication; the authors did not | 4 capsules of 500mg/day. correlation between the There was an association between the
g specify sub-types ;Co- Group DHA: DHA 1032mg increase of DHA in the improvement of anxiety/shame and the
S_» morbidities: epilepsy, and EPA 264mg, Group EPA: erythrocytes and increase of EPA and the total omega-3 and the
g < dyspraxia/ sensory processing EPA1109mg and DHA improvement in the reading reduction of total omega-6 in the erythrocytes.
I disorder, global delay, 108mg; Placebo: safflower oil | of words after the treatment. | Analysis of the subgroup with learning
s development delay, obsessive (LA 1467mg/day); 16 weeks. Analysis of the subgroup difficulties:
compulsive disorder, with learning difficulties: The increase of DHA in the erythrocytes was
Asperger’s syndrome, autism The increase of DHA in the associated with an improvement of the
spectrum disorder, tics and erythrocytes was associated following measures: hyperactivity,
oppositional-defiant disorder. with an improvement of the oppositional behavior, restlessness and overall
following measures: divided ADHD behavior.
attention, spelling, and The increase of total omega-3 in the
reading of words. erythrocytes was associated with an
improvement of anxiety/shy, according to
parents’ reports.

1- Cross over; 2- Double Crossover Latin square; 3- Double blind; 4- Randomized double blind placebo controlled trial; 5- Randomized Controlled; 6-One way Cross over; «<>- No
statistical difference; | decrement (in the behavioral and cognitive evaluations); t-improvement (in the behavioral and cognitive evaluations); >- higher; <- lower; DHA-
docosahexaenoic acid ; EPA- Eicosapentaenoic Acid; AA- arachidonic acid; ALA- alpha-linolenic acid; LA- linoleic acid; DPA- docosapentaenoic acid ; GLA- Gama Linolenic acid
;DHGLA- dihomo-gamma-linolenic ;RBC- Red blood cells; FADS- fatty acid deficiency symptoms ; n-3- omega 3 ; n-6- omega 6 ; PUFA- Polyunsaturated Fatty Acid ; EFA-
Essential fatty acid ; Vit.- vitamin; AC- Acid; TOVA- Test of Variables of Attention; CBCL- Child Behavior Checklist ; ACT- RS- ADD-H Comprehensive Teacher's Rating Scale ;
CPRS-L- Conners' Parent Rating Scales Revised Long Version ; CTRS- Conners' Teacher Rating Scales Revised; CPT- Conners' Continuous Performance Test ; WJ-R- Woodcock-
Johnson Psycho-Educational Battery-Revised; ASQ-P- Conners’ Abbreviated Symptom Questionnaire for parents ; DBD- Disruptive behavior Disorder; SWAN- Strengths and
Weaknesses in ADHD and Normal Behaviors; Qb- a continuous performance computerized test combined with an infrared motion analysis system to measure hyperactivity. ; DSM-
V- Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; ADHD RS- ADHD Rating Scale; OCD- Obsessive Compulsive Disorder.

Gustafsson et al. [17] observed improvement regarding
inattention/cognitive problems, as reported by the teachers,
only in the experimental group.

Bélanger et al. [16] compared the effect of omega 3 (8,5
to 10,5 mg/kg/day of DHA and 20 to 25 mg/kg/day of EPA)
with that of omega 6 (sunflower oil, which contains 70% of
linoleic acid; 5% of oleic acid; 5% of palmitic acid, and 5%
of stearic acid) for eight weeks. They observed improvement
in hyperactivity and in the Conners global index only in the
group that used omega 3. However, both groups showed
improvement in cognition; anxiety-shy; social problems;
restless-impulsive (Conners) and inattentive (DSM-1V). In
the second phase of the same experiment, all the volunteers
received omega 3. In this phase, those who had received
omega 6 in the first phase presented similar results to those
of the volunteers who received omega 3 in the first phase of
the experiment.

A more recent study (2012) compared the effect of a
mixture of DHA (1,032 mg) and EPA (264 mg), and a
mixture of EPA (1,109 mg) and DHA (108 mg) versus
omega 6 (1,467 mg of linoleic acid- safflower oil). The
authors selected children between seven and 12 years old
diagnosed with ADHD, or who were in the 90" or over
percentile in the CPRS (Conners Parent Rating Scale). They

did not observe differences between the treatment with
EPA/DHA and placebo after four months of administration.
However, there were correlations between the concentration
of DHA in the erythrocytes and improvement in the
oppositional behavior disorder according to parents’ reports,
and also in learning difficulties [29].

Some studies evaluated the effects of a combination of
omega 3 and omega 6. Richardson and Puri [12] treated
children with ADHD-related problems with capsules containing
480 mg of DHA,; 186 mg of EPA; 96 mg of gamma-linolenic
acid; 864 mg of cis-linoleic acid, and 42 mg of AA, or olive
oil as placebo for 12 weeks. The experimental group presented
improvement in anxiety/shy tests; cognition (CPRS-L);
inattentiveness; hyperactivity/impulsiveness; total DSM-IV
index and Conners total global index.

Stevens et al. [13] also administered a supplement that
contained omega 3 and omega 6 (96 mg of gamma-linolenic
acid; 480 mg of DHA; 80 mg of EPA, and 40 mg of AA) or
placebo (olive oil) for 16 weeks to children who had fatty
acids deficiency signs and symptoms (FADS) such as dry
hair and skin, thirst and frequent diuresis. They detected
improvement in the Anxiety Screening Questionnaire (ASQ-
P) and Disruptive Behavior Disorders (DBD) questionnaires
for parents in the subscales hyperactivity, attention and
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oppositional/defiant  behavior in both groups. The
experimental group, on the other hand, showed improvement
only in the subscale conduct of the DBD, and in the subscale
attention of the same instrument, according to their teachers’
evaluation. However, it is important to note that Sinn, [18]
later showed that the FADS symptoms were related to
linoleic acid deficiency, and both oils have it.

In the study of Johnson et al. [14], the children received
capsules containing 60 mg of gamma-linolenic acid; 174 mg
of DHA and 558 mg of EPA for 12 weeks. Even though they
presented improvement in the global clinical impression,
their behavior after treatment was the same as that of the
placebo group (olive oil). After evaluating responsiveness,
they found that the inattentive were more responsive than the
combined subtype, and found that among the children who
improved 25% or more in the ADHD rating score, 26% were
from the experimental group and only 7% were from the
placebo group in the first phase, and 47% improved in the
second phase in relation to baseline. However, among the
children who improved 50% or more in the ADHD rating
score, 12% of them were in the experimental group and none
changed in the placebo group in the first phase, and 12%
improved in the second phase when compared with baseline
results. These authors also compared the subtypes of ADHD
regarding the effect of PUFAs, observing that the children
that underwent the treatment showed an improvement in the
related to inattentive behavior.

Raz et al. [15] detected no differences between the
experimental (480 mg of linoleic acid and 120 mg of alpha-
linolenic acid) and the placebo (vitamin C) groups.

Sinn [18] evaluated children with both ADHD and FADS
by selecting 87 children with ADHD and randomly assigning
them to three groups. The PUFAs group received six daily
capsules containing 60 mg of gamma linolenic acid, 174 mg
of DHA and 558 mg of EPA; the PUFAs + Multivitamins
received the same components mentioned above and
vitamins; and the placebo group received palm oil. The
author observed no correlation between FADS and CPRS
subscales at baseline, but found a negative correlation
between baseline FADS and the magnitude of CPRS, as well
as a small correlation between FADS and the improvement
in some sub-scales (Table 1).

In another paper [30], the same author showed an
improvement in many behaviors (inattention, ADHD index,
hyperactivity, impulsiveness and oppositional behavior) for
the group that received PUFAs. In the second phase, when
every child received PUFAs + Polyvitamins, the group that
received only PUFAs in the first phase continued to improve
their levels of attention, impulsiveness, hyperactivity and
ADHD index. However, the group that had received placebo
started to improve only in the second phase (attention,
hyperactivity, ADHD index, impulsiveness, perfectionism
and social problems).

Effects of Polyunsaturated Fatty Acids on Cognitive
Functions

Aman et al. [9] evaluated motor skills, attention and short
term memory. Their results showed greater accuracy in the
latter after treatment with omega 6. On the other hand, Voigt
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et al. [11] utilized DHA (omega 3) as supplement and
detected no differences between the placebo and the
experimental groups. Milte et al. [29], in a similar study,
found differences between the placebo and the experimental
groups only in the concentrations of DHA in erythrocytes
and in the reading of words after treatment.

Stevens et al. [13] used both omega 3 and omega 6 as
supplement, detecting no significant differences in the
Continuous Performance Test (CPT) index of the experi-
mental group. In another study, Sinn et al. [31] focused on
the cognition of ADHD patients and observed improvement
in their level of attention and executive functions evaluated
by the Creature Counting test after 15 weeks. Finally, Raz et
al. [15] administered PUFAs + Multivitamins for seven
weeks and observed no differences between the groups.

DISCUSSION

The present review indicated a possible improvement in
the symptomatology of the ADHD, but more specific studies
are necessary with methodological accuracy and the
exclusion of co-morbidities.

The major problem we found was a discrepancy in the
doses of PUFAs used in the different researches. This
finding might reflect the need of further studies that establish
a therapeutic dose. Some studies suggest the ratio of 4:1
between omega 6 and 3 for an ideal diet [28]. In spite of
that shortcoming, we could notice that the studies which
used a combination of omega 3 and omega 6 presented better
results.

On the other hand, it is possible that the doses used in
these studies were too low to show better results. Other
studies, which did not use the placebo, showed that high
doses of EPA and DHA have evident therapeutic benefits
[32,33]. Germano et al. [32] used 0,234 g/day/kg of fish oil,
which has at least 75% of omega 3, in children with a mean
weight of 33,97 kg for eight weeks. Sorgi et al. [33], used
16.2 g EPA/DHA (10.8g EPA and 5.4g DHA) concentrates
per day for four week and then decreased this dose based on
the AA:EPA ratio in the isolated plasma phospholipids. The
children that were below 1.0 on AA:EPA had the ratio
decreased to the dose of 8.1 g (2.7 g DHA, 5.4 g EPA per
day), and the children between 1.0 and 1.5 AA:EPA ratio
had the dosage decreased to 12,1 g (4 g DHA, 8.1 g EPA per
day) for the following four weeks. Both studies decreased
the AA/EPA ratio after 8 weeks, and this reduction resulted
in an improvement in behavior (inattention and hyper-
activity).

Another shortcoming is the lack of standardization
regarding the evaluation and the time of treatment, since
there was great variation (between four and 16 weeks) even
among studies that yielded positive results.

In this sense, Raz et al., [15] used a small amount of the
short chain omega-3 (rather than EPA/DHA) for seven
weeks and did not find a difference between the placebo and
the experimental group. Both groups showed improvement,
which can mean a placebo effect.

Independently of the time and dose, five studies [9, 11,
13, 16, 17, 29] showed incorporation of the supplement, as
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evaluated through blood tests. However, the other studies did
not observe this incorporation, so it is difficult to establish
whether the patients real consumption the PUFAs.

Even though the evaluation of omega intake is important,
only three out of the 12 studies analyzed carried out such
control [13, 16, 17].

It is a known fact that ADHD is subdivided into three
subtypes: inattentive; hyperactive-impulsive, and combined
hyperactive-impulsive + inattentive [1]. However, only three
studies reported the subtypes of their samples. Voigt et al.
[11] and Johnson et al. [14] studied children of the subtypes
inattentive and combined, while Gustafsson et al. [17]
evaluated only those who presented the combined subtype.
Only the study of Johnson et al. [14] compared the effect of
PUFAs among the subtypes, they observed a greater
improvement in the behavior of the inattentive individuals
who underwent the treatment. This lack of comparison in the
other studies makes it difficult to establish whether this
treatment would be beneficial for children who are more
inattentive, hyperactive or present a combination of both
subtypes. PUFAs seem to yield better results in the
improvement of hyperactivity and inattentiveness. However,
if we separate individuals by subtypes, it is possible that
each group has a different benefit.

Another aspect regards the co-morbidities. Children with
ADHD usually present associated psychiatric conditions,
among which we can mention mood disorders; oppositional
defiant disorder; conduct disorder; tics, and Tourette
syndrome as the most common [34]. Only one study reported
no co-morbidities in their volunteers [16]. The others either
omitted that kind of information or reported different co-
morbidities. However, they did not compare their effects,
except for two studies which evaluated the effect on ADHD
as well as on its associated co-morbidities. The first one [17],
showed greater benefits of supplementation with omega in
children who presented oppositional defiant disorder,
showing that part of the positive outcomes of the treatment
with PUFAs might be due not only to the improvement of
ADHD, but rather to a global improvement that includes the
co-morbidities. The other study [29] showed that there is a
relation between n-3 and the literacy/behavior in ADHD
children. When they analyzed the subgroup with learning
difficulties, they found that the increase of DHA in the
erythrocytes was associated with an improvement in some
measures (hyperactivity, oppositional behavior, restlessness
and overall ADHD behavior). Furthermore, the children with
learning difficulties had lower DHA and total n-3 PUFA and
higher AA/EPA ratio than those without. In this sense, it
would be interesting for researchers to carry out studies that
evaluate children who do not present co-morbidities,
comparing them to those who do.

Although the randomized and controlled study of
Richardson & Montgomery [35] is not part of this systematic
review, since the primary aim of that study was to analyze
the effects of PUFAs on children with developmental
coordination disorder, they found an improvement in reading
and spelling and in many behaviors that are related to
ADHD in those children (opposition, cognitive problems,
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hyperactivity, anxiety, social problems, impulsivity, emotional
lability, inattention and ADHD indexes).

It is important to stress the fact that few studies used
really inert substances as placebo. Some authors used other
oils (olive, rape, safflower and palm) or vitamin C for that
purpose. Even though it is not known whether vitamin C or
those oils used as placebo have a beneficial effect on
children with ADHD, some authors used those components,
which could result in a global improvement of those
individuals. Milte et al. [29] detected several correlations
between DHA and EPA in the erythrocytes versus behavior
and/or cognitive functions, but did not observe the effect of
treatment. Probably they did not observe treatment effects
because of the placebo they used, since this component (rich
in linoleic acid — n-6) might have masked the effect of
treatment.

The low to moderate improvement showed in the
behavior of the experimental groups in three studies [12-14]
might have been more pronounced had the authors used
another type of placebo, since olive oil also contains omegas
3 and 6, even if it is in small amounts. Likewise, Stevens
et al. [13] reported a cognitive improvement in the
experimental group that could have been more outstanding,
since olive oil also seems to have the property to enhance
cognition. Even though it is a monounsaturated fat, it
contains antioxidant properties [36]. Another important
factor is that olive oil contains oleic acid (omega 9), which is
converted into ethanolamine in the intestines. This substance
seems to improve the consolidation of memory in
animals through an autonomic signaling that results in a
noradrenergic activation in the amygdala [37].

The placebo used in the study of Gustafsson et al. [17]
also contains oleic acid. Those authors used rape oil which,
according to Hamid et al. [38], contains 15.6 to 24.3% of
oleic acid, in addition to 12 to 13.7% of linoleic acid, 1.9 to
2.1% of linolenic acid and 2.0 to 2.9% of arachidonic acid,
and therefore might have influenced the results. Similarly,
vitamin C (used in the study of Raz et al. [15]) is an active
compound which has antioxidant properties that can
influence cognitive performance and behavior [39]. Palm oil,
on the other hand, is rich in vitamin E. Alpha-tocotrienol,
one of its derivatives, is a neuroprotective agent in the
arachidonic acid cascade that can act on the enzymatic and
non-enzymatic mechanisms in a brain lesion [40], but it is
important to point that the active oil had vitamin E as well.

In addition to the diversity of placebos, we should also
stress that the treatment with stimulants was not interrupted
[11, 13, 14], which could have masked the effect of the
treatment with PUFAs, since the stimulant per se causes a
beneficial effect on those patients. In the experiment of
Stevens et al. [13], more than half of the patients were taking
medication for ADHD, but Arnold et al. [10] observed that
omega 6 has an intermediary effect between placebo and
D-amphetamine. Moreover, the volunteers in the study of
Voigt et al. [11] could have been undergoing treatment with
medication, but they were supposed to discontinue its use 24
hours prior to the evaluation. This could result in an
experimental bias, since caregivers of those children might
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have misinterpreted the effects, that is, they would not know
for sure whether the results were due to the PUFASs or to the
withdrawal of medication.

Another important aspect to point out is the sample size.
Since some children dropped out before the end of many
studies that are part of this review, they had a small sample
size, which can influence the statistic power of the
evaluations.

Finally, it seems that the relation between the ingestion
of capsules containing PUFAs and ADHD has not been
totally established [41], since other studies performed to date
are very heterogeneous, which makes their interpretation
difficult [23]. However, it is possible that higher doses of
PUFAs would provide significant benefits, and therefore
future researches could do a randomized and controlled
study with higher amounts of PUFAs for the treatment of
ADHD.

DISCLOSURE OF FUNDING

This article received funding for research from FAPESP
(# 2011/ 08387-6), *AFIP, FAPESP, and CNPg*.

CONFLICT OF INTEREST

The authors state that this study does not present any
conflict of interest.

ACKNOWLEDGEMENTS

The authors express gratitude to the institutions that
made this manuscript possible: AFIP and CNPq. We also
thank FAPESP for the research scholarship provided (#2011/
08387-6).

REFERENCES

[1] American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders. Fourth edition. Washington (DC):
American Psychiatric Association; 1994, pp. 112-119.

[2] Organizagdo Mundial da Saude. Classificacdo de transtornos
mentais e de comportamento da CID-10: descrigdes clinicas e
diretrizes diagnosticas. Porto Alegre: Editora Artes Médicas; 1993.

[3] Faraone, SV., Sergeant, J., Gillberg, C., Biederman, J. The
worldwide prevalence of ADHD: is it an American condition?
World Psychiatry., 2003, 2(2), 104-13.

[4] Vaidya, C.J., Austin, G., Kirkorian, G., Ridlehuber, H.W.,
Desmond, J.E., Glover, G.H., Gabrieli, J.D.E. Selective effects of
methylphenidate in attention deficit hyperactivity disorder: a
functional magnetic resonance study. Proc. Natl. Acad. Sci. U.S.A.,
1998, 95, 14494-14499.

[5] Castellanos, F.X., Giedd, J.N., Marsh, W.L., Hamburger, S.D.,
Vaituzis, A.C., Dickstein, D.P., Sarfatti, S.E., Vauss, YC., Snell,
JW,, Lange, N., Kaysen, D., Krain, A.L., Ritchie, G.F., Rajapakse,
J.C., Rapoport, J.L. Quantitative brain magnetic resonance imaging
in attention-deficit hyperactivity disorder. Arch. Gen. Psychiatry,
1996, 53(7), 607-16.

[6] Schneider, M., Retz, W., Coogan, A., Thome, J., Rosler, M.
Anatomical and functional brain imaging in adult attention-
deficit/hyperactivity disorder (ADHD)—a neurological view. Eur.
Arch. Psychiatry Clin. Neurosci., 2006, 256 Suppl 1, i32-41.

[7] Pereira, ACCI, e, Bel, ED. Metilfenidato - principal tratamento
para o Déficit de Atencdo e Hiperatividade: caracteristicas
neuroquimicas e seus efeitos em modelos experimentais.
Neurobiologia, 2010, 73(2), 127-132.

[8] Swanson, J.M., Kraemer, H.C., Hinshaw, S.P., Arnold, L.E.,
Conners, C.K., Abikoff, H.B., Clevenger, W., Davies, M., Elliott,
G.R., Greenhill, L.L., Hechtman, L., Hoza, B., Jensen, PS., March,
JS., Newcorn, J.H., Owens, EB., Pelham, WE., Schiller, E., Severe,
JB., Simpson, S., Vitiello, B., Wells, K., Wigal, T., Wu, M.

[0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Current Neuropharmacology, 2013, Vol. 11, No. 2 195

Clinical relevance of the primary findings of the MTA: success
rates based on severity of ADHD and ODD symptoms at the end of
treatment. J. Am. Acad. Child. Adolesc. Psychiatry, 2001, 40(2),
168-79.

Aman, M.G., Mitchell, E.A., Turbott, S.H. The effects of essential
fatty acid supplementation by Efamol in hyperactive children. J.
Abnorm. Child. Psychol., 1987, 15(1), 75-90.

Arnold, L.E., Kleykamp, D., Votolato, N.A. Taylor, W.A,,
Kontras, S.B., Tobin, K. Gamma-linolenic acid for attention-deficit
hyperactivity disorder: placebo-controlled comparison to D-
amphetamine. Biol. Psychiatry., 1989, 25 (2), 222-8.

Voigt, R.G., Llorente, A.M., Jensen, C.L., Fraley, J.K., Berretta,
M.C., Heird, W.C. A randomized, double-blind, placebo-controlled
trial of docosahexaenoic acid supplementation in children with
attention-deficit/hyperactivity disorder. J. Pediatr., 2001, 139 (2),
189-96.

Richardson, A.J., Puri, B.K. A randomized double-blind, placebo-
controlled study of the effects of supplementation with highly
unsaturated fatty acids on ADHD-related symptoms in children
with specific learning difficulties. Prog. Neuropsychopharmacol.
Biol. Psychiatry, 2002, 26(2), 233-9.

Stevens, L., Zhang, W., Peck, L., Kuczek, T., Grevstad, N., Mahon,
A., Zentall, S.S., Arnold, L.E., Burgess, J.R. EFA supplementation
in children with inattention, hyperactivity, and other disruptive
behaviors. Lipids, 2003, 38(10), 1007-21.

Johnson, M., Ostlund, S., Fransson, G., Kadesjo, B., Gillberg, C.
Omega-3/omega-6 fatty acids for attention deficit hyperactivity
disorder: a randomized placebo-controlled trial in children and
adolescents. J. Atten. Disord., 2009, 12(5), 394-401.

Raz, R., Carasso, R.L., Yehuda, S. The influence of short-chain
essential fatty acids on children with attention-deficit/hyperactivity
disorder: a double-blind placebo-controlled study. J. Child Adolesc.
Psychopharmacol., 2009, 19(2), 167-77.

Belanger, S.A., Vanasse, M., Spahis, S., Sylvestre, M.P., Lippe, S.,
L'heureux, F., Ghadirian, P., Vanasse, CM., Levy, E. Omega-3
fatty acid treatment of children with attention-deficit hyperactivity
disorder: A randomized, double-blind, placebo-controlled study.
Paediatr. Child Health, 2009, 14(2), 89-98.

Gustafsson, P.A., Birberg-Thornberg, U., Duchen, K., Landgren,
M., Malmberg, K., Pelling, H., Strandvik, B., Karlsson, T. EPA
supplementation  improves  teacher-rated  behaviour  and
oppositional symptoms in children with ADHD. Acta Paediatr.,
2010, 99(10), 1540-9.

Sinn, N. Physical fatty acid deficiency signs in children with
ADHD symptoms. Prostaglandins Leukot. Essent Fatty Acids,
2007, 77(2), 109-15.

Schaefer, EJ. Lipoproteins, nutrition, and heart disease. Am. J. Clin.
Nutr., 2002, 75(2), 191-212.

Vaz, JS., Deboni, F., Azevedo, MJ., Gross, JL., Zelmanovitz, T.
Acidos graxos como marcadores biolégicos da ingestao de
gorduras. Rev. Nutr., 2006, 19, (4), 489-500.

Marteinsdottir, 1., Horrobin, D.F., Stenfors, C., Theodorsson, E.,
Mathe, A.A. Changes in dietary fatty acids alter phospholipid fatty
acid composition in selected regions of rat brain. Prog.
Neuropsychopharmacol. Biol. Psychiatry, 1998, 22(6), 1007-21.
Wainwright, P.E. Dietary essential fatty acids and brain function: a
developmental perspective on mechanisms. Proc. Nutr. Soc., 2002,
61(1), 61-9.

Chalon, S. Omega-3 fatty acids and monoamine neurotransmission.
Prostaglandins. Leukot. Essent. Fatty. Acids., 2006, 75(4-5), 259-69.
Delion, S., Chalon, J., Herault, D., Guilloteau, JC., Besnard, G.,
Durand, G. Chronic dietary alpha-linolenic acid deficiency alters
dopaminergic and serotoninergic neurotransmission in rats. J.
Nutr., 1994, 124, 2466-2476.

Chalon, S., Delion-Vancassel, S., Belzung, C., Guilloteau, D.
Leguisquet, AM., Besnard, JC., Durand, G. Dietary fish oil affects
monoaminergic neurotransmission and behavior in rats. J. Nutr.,
1998, 128(12), 2512-9.

Yehuda, S., Rabinovitz, S., Mostofsky, D.l. Essential fatty acids
and the brain: from infancy to aging. Neurobiol. Aging, 2005, 26,
Suppl 1, 98-102.

Chalon, S., Vancassel, S., Zimmer, L., Guilloteau, D., Durand, G.
Polyunsaturated fatty acids and cerebral function: focus on
monoaminergic neurotransmission. Lipids, 2001, 36(9), 937-44.



196 Current Neuropharmacology, 2013, Vol. 11, No. 2

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Borsonelo, E., Galduroz, J. The role of polyunsaturated fatty acids
(PUFAs) in development, aging and substance abuse disorders:
Review and propositions. Prostaglandins, Leukotrienes. and
Essential. Fatty Acids, 2008, 78, 237-245.

Milte, CM., Sinn, N., Buckley, JD., Coates, AM., Young, RM.,
Howe, PR. Eicosapentaenoic and docosahexaenoic acids, cognition,
and behavior in children with attention-deficit/hyperactivity disorder:
A. Randomized Controlled. Trial. Nutrition, 2012, 28(6), 670-7.
Sinn, N., Bryan, J. Effect of supplementation with polyunsaturated
fatty acids and micronutrients on learning and behavior problems
associated with child ADHD. J. Dev. Behav. Pediatr., 2007, 28(2),
82-91.

Sinn, N., Bryan, J., Wilson, C. Cognitive effects of polyunsaturated
fatty acids in children with attention deficit hyperactivity disorder
symptoms: a randomized controlled trial. Prostaglandins Leukot.
Essent Fatty Acids, 2008, 78(4-5), 311-26.

Germano, M., Meleleo, D., Montorfano, G., Adorni, L., Negroni,
M., Berra, B., Rizzo, AM. Plasma, red blood cells phospholipids
and clinical evaluation after long chain omega-3 supplementation
in children with attention deficit hyperactivity disorder (ADHD).
Nutr. Neurosci., 2007, 10(1-2), 1-9.

Sorgi, PJ., Hallowell, EM., Hutchins, HL., Sears, B. Effects of an
open-label pilot study with high-dose EPA/DHA concentrates on
plasma phospholipids and behavior in children with attention
deficit hyperactivity disorder. Nutr. J., 2007, 13, 6-16.

Goldman, LS., Genel, M., Bezman, RJ., Slanetz, PJ. Diagnosis and
treatment of attention-deficit/hyperactivity disorder in children and

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Grassmann et al.

adolescents. Council on Scientific Affairs, American Medical
Association. JAMA, 1998, 8, 279(14), 1100-7.

Richardson, AJ., Montgomery, P. The Oxford-Durham study:
a randomized, controlled trial of dietary supplementation with
fatty acids in children with developmental coordination disorder.
Pediatrics, 2005, 115(5), 1360-6.

Frisardi, V., Panza, F., Seripa, D., Imbimbo, BP., Vendemiale, G.,
Pilotto, A., Solfrizzi, V. Nutraceutical properties of Mediterranean
diet and cognitive decline: possible underlying mechanisms. J.
Alzheimers Dis., 2010, 22(3), 715-40.

Campolongo, P., Roozendaal, B., Trezza, V., Cuomo, V., Astarita,
G., Fu, J., McGaugh, JL., Piomelli, D. Fat-induced satiety factor
oleoylethanolamide enhances memory consolidation. Proc. Natl.
Acad. Sci. U. S. A., 2009, 12, 106(19), 8027-31.

Hamid, S., Obaid-Ur-Rehman, Jasraand, AB., Mughal, AA. Studies
on fatty acid composition of fixed oil extracted from canola and
rapeseeds for erucic acid content. J. Chem. Soc. Pakistan., 2002,
24(4), 298-301.

Martin, A., Cherubini, A., Andres-Lacueva, C., Paniagua, M.,
Joseph, J. Effects of fruits and vegetables on levels of vitamins
E and C in the brain and their association with cognitive
performance. J. Nutr. Health. Aging, 2002, 6(6), 392-404.

Sen, CK., Rink, C., Khanna, S. Palm oil-derived natural vitamin E
alpha-tocotrienol in brain health and disease. J. Am. Coll. Nutr.,
2010, 29(3 Suppl), 314S-323S.

Transler, C., Eilander, A., Mitchell, S., van de Meer, N. The impact
of polyunsaturated fatty acids in reducing child attention deficit and
hyperactivity disorders. J. Atten. Disord., 2010, 14(3), 232-46.

Received: October 03, 2012

Revised: November 21, 2012

Accepted: January 04, 2013



	5-Galduroz-MS_CN.doc



