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ABSTRACT

Attention deficit hyperactivity disorder (ADHD) is a childhood-onset disorder that
affects 5% to 12% of children worldwide. Etiological factors, including nutrition,
contribute to this disease, which is characterized by inattention, impulsivity and
hyperactivity symptoms. Fats, which form an important part of the daily diet, can have
effects on ADHD and its symptoms. In the literature, it is stated that omega-3 fatty
acids are low in children with ADHD, and supplementation studies may be effective
in improving symptoms. In addition, high omega-6/omega-3 fatty acids ratio in the
diet and diets rich in saturated and trans fatty acids are associated with ADHD. In
this review, the relationship between ADHD and dietary fatty acids was evaluated.

Keywords: ADHD, saturated fatty acids, trans-fatty acids, omega-3 fatty acids,
omega-6/omega-3 ratio
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Dikkat eksikligi hiperaktivite bozuklugu (DEHB), gocukluk ¢aginda baslayan ve diinya
capindaki gocuklarin %5 ile %12'sini etkileyen bir hastaliktir. Dikkatsizlik, dirtiisellik
ve hiperaktivite semptomlari bozukluklariyla seyreden DEHB'de beslenmenin de
icerisinde bulundugu etiyolojik faktorler yer almaktadir. Giinliik diyetin 6nemli bir
parcasini olusturan yadlar, DEHB ve semptomlari lizerine etkileri olabilmektedir.
Literattirde DEHB tanili gocuklarda omega-3 yag asitlerinin diistk oldugu ve takviye
arastirmalarinin semptomlari iyilestirmede etkili olabilecegi belirtiimektedir. Ayrica
diyetteki yliksek omega-6/omega-3 yag asitleri orani ile doymus ve trans yag
asitlerinden zengin beslenme diizenleri DEHB ile iligkilendirilmektedir. Bu derlemede
DEHB ile diyetle alinan yag asitleri arasindaki iliski degerlendirilecektir.

Anahtar kelimeler: DEHB, doymus yag asitleri, trans yag asitleri, omega-3 yag
asitleri, omega-6/omega-3 orani
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1. Introduction

ttentiondeficithyperactivitydisorder (ADHD)is

one of the most common neurodevelopmental
disorders in children. It affects between 5% and
12% of all children globally and is a syndrome
characterized by inattention, lack of focus,
restless overactivity, impulsivity and deficiencies
in executive functions [1]. ADHD is an iliness with
a complex etiology, influenced by genetic and
environmental components. Genetic predisposition
has an essential place in the etiology of ADHD
and pathogenic processes for gene expression
are linked to a variety of environmental factors,
including physical, chemical, dietary, familial
and social impacts [1]. ADHD is thought to be a
multifactorial disorder, but its pathophysiology
has not yet been fully demonstrated [2].

Fatty acids, one of the nutritional factors, play
an essential role in maintaining the normal
function of the brain and nervous system. The
nervous system is the second organ with lipid
concentration after adipose tissue: nearly 35%
consists of long-chain polyunsaturated fatty
acids (LC-PUFAs) [3]. Humans cannot produce
linoleic acid, an omega-6 fatty acid, nor alpha-
linolenic acid which is an omega-3 fatty acid,and
must consume both with nutrition. Linoleic acid
and alpha linolenic acid undergo desaturation
and elongation by several enzymes; LC-
PUFAs are then formed, which are involved in
neurodevelopmental processes [4]. Studies have
shown that LC-PUFA, Eicosapentaenoic (EPA,
n-3) and docosahexaenoic acids (DHA, n-3),
may play a role in ADHD. Insufficient omega-3
fatty acid consumption can disrupt serotonin
pathway function and impact impulse control,
sensory gating and behaviour, resulting in ADHD
[5]. Trans fatty acids, in addition to inadequate
dietary omega-3 fatty acid intake, can disrupt the
body's omega-3 balance [6]. Aside from fatty acid
types, the link between a high-fat diet and ADHD
has also been investigated: evidence from animal
experiments reports that high-fat and saturated-
fat diet models may increase to the risk of ADHD
through neuroinflammation [7,8].

According to other studies, children with ADHD
have atypical fatty acid profiles and these changes
may be linked to symptoms [9,10]. In addition,

there are cohort studies showing that maternal
fatty acid consumption during pregnancy may also
have an effect on children's behavior. [11-13]. For
this reason, studies on fatty acid supplementation
in both pregnancy and childhood continue to be
the subject of current study in the literature.

In this review, the properties of dietary fatty acids,
the effects of fatty acid intake during pregnancy
on children's behavior, the status of fatty acids
in children with ADHD and the end points of
supplementation studies in the literature, was
evaluated.

This research was a literature review of peer-
reviewed journal articles that study long-chain
fatty acids, saturated fatty acids and trans fatty
acids' role in ADHD. The journal articles were
found using the following search engines: Google
Scholar, National Library of Medicine (Pubmed.
gov). Most of the searches were narrowed only
to include studies from the past ten years, 2012-
2022. The following search keywords were used
for relevant articles: “ADHD and fatty acids” and
“ADHD and diet.” "Maternal nutrition and ADHD",
"ADHD fatty acids RCT", "DHA and ADHD", "EPA
and ADHD", "trans fatty acids and ADHD". Articles
were also found by reviewing the references of
previous literature reviews.

2. Dietary fatty acids

The most important class of dietary fats is
triglycerides. The triglycerides' properties are
determined by the double bonds, the number and
location of the double bonds and their cis-trans
forms [14].

Saturated fatty acids (SFA): Fatty acids without
double bonds in their side chains. Dairy products,
meat, coconut and palm oil are foods rich in SFAs
[14] (Figure 1).

Monounsaturated fatty acids (MUFA): Fatty acids
with one double bond in their side chains. Olive oil
is one of the foods rich in MUFAs [14] (Figure 1).

Polyunsaturated fatty acids (PUFAs): Fatty acids
with more than one double bond in their side chains
[14]. This fatty acid is referred to as a long-chain
acids polyunsaturated fatty acid (LC PUFA) if it is
made up of more than 20 carbon atoms. Omega-3
(n-3) and omega-6 are the most common forms
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of PUFA (n-6). These include alpha-linolenic acid
(ALA: n-3) and linoleic acid (LA: n-6), which are
essential nutrients to humans and thus must be
obtained via nutrition. Humans are capable of
synthesizing arachidonic acid (AA: LC-n-6 fatty
acids) from LA and eicosapentaenoic (EPA: long-
chain n-3 fatty acids) and docosahexaenoic acid
(DHA: long-chain n-3 fatty acids) from AL. Fish
and flaxseed oil are rich in n-3 fatty acids, and
sunflower, corn and soybean oil are rich in n-6
fatty acids [14] (Figure 1).

Coconut oil
Butter

Beef tallow
Chicken fat
Salmon fat
Soybean oil
Olive oil
Com oil
Sunflower oil

Flaxseed oil

Canola oil

[ ated  wOmega-6 Poly m Omega-3 Polyunsaturated

Figure 1: Composition of dietary fats [14]

Trans fatty acids (TFA): Chemically, these are
classified as an unsaturated fatty acid but show a
saturated fatty acid role in the human metabolism.
Trans fatty acids are found in animal fats, milk and
dairy products, and vegetable oils saturated with
hydrogenation [6]. In vegetable oils, conversion to
trans bonds is used to boost oil stability [15].

Dietary cholesterol: It is exclusively found in food
of animal origin, such as meat and dairy products
[14].

Plant sterols/ Phytosterols: Phytosterols are
naturally occurring chemicals found in vegetable
oils and nuts [16]. It is commercially added to
margarine, mayonnaise, yogurt, cheese and some
sauces [17,18].

Dietary fats are macronutrients, one of the main
components (35 to 40%) of daily energy [19].
Fatty acids differ according to dietary patterns:
while the Mediterranean diet, which is shown as
the healthiest diet [20], is rich in PUFAs, SFAs are
consumed in excess in the Western diet, which is
associated with the increased disease [21] (Figure
2) [14]. Studies investigating the dietary patterns
of patients with ADHD show that the Western diet

is more readily espoused whereas compliance with
the Mediterranean diet is low [22,23]. It has also
been reported that the mother's diet contributes to
the child's ADHD symptoms [24,25].

Fat: 38%
‘Western Diet 42% 20%
Fat: 38%
Mediterranean Diet 42% 20%
0 20 40 60 80 100 120
Macronutrients intake (%)
m Saturated fatty acids fatty acids m Poly fatty acids
m Carbohydrates m Protein

Figure 2: Contribution of fatty acid intake to total energy intake in

Mediterranean and Western diets [14]
3. The function of fatty acids in ADHD

Omega-3 and omega-6 fatty acids are abundant
in the central nervous system. DHA regulates
the synthesis, release and transport of
neurotransmitters and plays an important function
in neuron development, membrane permeability,
endothelial activity, neuronal survival and
neurodegeneration prevention [9]. The function
of the serotonin receptor, a neurotransmitter,
depends on cell fluidity. DHA regulates the
serotonin receptor by increasing cell fluidity. EPA
and DHA levels regulate serotonin synthesis,
storage, release and receptor function during
neurodevelopment in the maternal period [26].
The decrease in brain serotonin levels can lead
to disorders in social behaviours, such as learning
and memory disorders and impulsive behaviours.
Therefore, low serotonin levels are one of the
underlying mechanisms of ADHD [24]. It has been
shown in animal experiments that deprivation
of omega-3 fatty acids causes behavioural
abnormalities, but behavior returns to normal
when DHA supplementation is administered [27].

The brain signalling system is mediated by highly
unsaturated fatty acids (HUFAs) along with
dopaminergic and serotonergic pathways [28].
N-6 fatty acids are required in the structure of
the membrane and the synthesis of eicosanoids
[14]. Eicosanoids involve several physiological
processes in the brain with the inclusion of
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synaptic plasticity, release of neurotransmitters,
temporal summation, membrane excitability and
apoptosis [29].

Nowadays, the intake of n-3 fatty acids in diets
has declined and in western diets, the n-6/n-3
ratios have risen from 1:1 in conventional diets,
to around 16:1 [30]. This changed rate can lead to
inflammation, vasoconstriction and thrombosis [9].
A low n-6/n-3 ratio is desirable because it reduces
the risk of a high prevalence of chronic diseases
[30]. Furthermore, a high n-6/n-3 ratio can affect
the activity of neurons by limiting the supply of LC
n-3 in the brain [31].

4. Maternal diet and ADHD

The placenta delivers long-chain fatty acids to
the fetus, and breast milk delivers them to the
newborn [32]. According to the examined studies,
decreased DHA levels in newborns can lead to
mental and behavioural dysfunction, such as
poor reading ability, low memory performance,
opposing behaviours and emotional disturbances
[32]. Hibbel et al. conducted observational
cohort research on the seafood intake of 11.875
pregnant women. In the regression analysis, it
was seen that the risk of low verbal intelligence
scores was approximately 1.5 times higher in
the children of those who consumed below 340
grams of seafood each week. They were also
shown to be at risk in terms of social behavior,
fine motor abilities, communication and social
development [11]. DHA, a fatty acid present
in seafood, helps to sustain the structure and
function of the growing brain. DHA deficiency
can impair attention by affecting monoaminergic
systems [33]. An Italian cohort study investigated
the effect of mothers' seafood consumption during
early pregnancy on their children. High seafood
consumption has been linked to greater child
attentiveness: analyses were made when children
reached 8 years of age and were examined
independently of seafood consumption and
cognitive functions [12]. In another randomized
controlled experiment including 1 094 pregnant
women, DHA supplementation was administered.
Children were assessed when they were 5 years
old and improved attention scores were observed
in those given the supplement over the placebo
[13].

5. Fatty acids status of patients with ADHD

Wang et al., in their study on 216 ADHD and 216
controls, found that serum SFA and n-6/n-3 ratio
were higher and MUFA were lower than the control
[34]. A cross-sectional study by Montgomery et
al., related low DHA levels to decreased reading
and memory performance, increased opposing
behaviours and emotional disturbances [35].
Parletta et al. showed that children with autism and
ADHD have low degrees of EPA, DHA and AA in
the blood, and a high n-6/n-3 fatty acids ratio, and
these values are associated with ADHD symptoms
[9]. However, while omega-3 supplementation
trials for ADHD have been successful in the
literature, no effect has been observed for autism
[36]. Similar to Parletta et al. study, in the ltalian
sample, it was found that children with ADHD had
low DHA levels, n-3 index, and MUFA, and these
findings were associated with behaviours but
not with cognition [10]. Hawkey et al. published
a meta-analysis including 9 studies evaluating
blood fatty acid levels in patients with ADHD [37].
In these cross-sectional studies, the levels of
fatty acids analyzed from plasma or erythrocyte
and dietary intake of fatty acids were evaluated.
According to the meta-analysis results, fatty acid
levels were found to be low in ADHD patients.

On another viewpoint, there are studies evaluating
the effect of excessive consumption of saturated
and trans fatty acids on ADHD. The principal part
of the Western diet is SFAs, and the Western
diet is linked with ADHD and its symptoms [7,8].
Evidence from experimental animal studies reports
that a maternal high-fat diet has structural and
functional effects on offspring brain development.
A high-fat diet may lead to increased proliferation
in the hypothalamus, decreased apoptosis in
brain regions and neural differentiation. It can
also cause neuroinflammation in the serotonergic
nervous system, which increases the probability
of behavioural problems like ADHD [38].

The omega-3levelinthe body canalsoberegulated
by the intake of trans fatty acids [6]. Trans fats are
known to raise the risk of cardiovascular disease
[39]. In addition, studies are showing that it can
affect brain functions [40]. Trans fatty acids may
have an impact on ADHD by lowering DHA levels
or by inhibiting the conversion of linolenic acid
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to DHA [41,42]. Studies in experimental animals
have shown that trans fatty acid reduces DHA
levels in plasma, liver and brain [43,44]. Few
studies, however, have examined the effect of
trans fatty acid intake in patients with ADHD.
Kim et al. showed that female adolescents with
ADHD consumed more dietary trans fatty acids
than controls [45]. Similarly, Colter et al. found
that people with ADHD consumed more trans-
fatty acids than healthy controls [46]. In a study
in which fatty acids from erythrocytes of children
with ADHD were examined, it was observed that
there was a high level of trans fatty acids, and a
lower level of DHA compared to the control group.
Furthermore, trans fatty acids have been linked to
ADHD symptoms. This study had some limitations,
as it has was not examined whether dietary fatty
acid intake affects blood levels. Children with
ADHD who receive treatment are not excluded, so
treatment improves the disease and this may be
reflected in their fatty acid levels [47].

6. PUFA’s supplementation effect on
ADHD

Because of PUFAsonthebrainandnervous system,
n-3/6 supplementation studies in the treatment of
ADHD have been the area of research. Children
with ADHD received EPA and DHA for seventeen
weeks in a randomized controlled trial. In children
with learning difficulties that may progress with
ADHD, with the increase in DHA level, progress in
reading and spelling, a decrease in oppositional
behavior, hyperactivity and anxiety symptoms
have occurred [48]. Similarly, Gustafsson et al.
showed improvement in behavior and oppositional
symptoms in a randomized, placebo-controlled
study with ADHD who were given EPA supplements
for fifteen weeks [49]. A randomized, placebo-
controlled supplement of n-3 fatty acids containing
EPA and DHA was administered to children with
ADHD in a study by Widenhorn-Miiller et al. for
sixteen weeks. The memory function of children
with ADHD has improved, but no impact on other
mental measures [50].

However, in another randomized, placebo-
controlled study carried out by Matsudaira et
al., adolescents with ADHD were given LC-
PUFA supplements for twelve weeks, and it was
observed that the treated group did not have

any superiority over the placebo [27]. In this
study, a power analysis was not performed while
determining the number of participants and for
this reason, the expected effect may not have
been observed. Methylphenidate is a drug that is
frequently used in the treatment of ADHD [1]. In a
double-blinded randomized controlled study of 40
children, the administration of methylphenidate in
combination with PUFA supplements resulted in a
further reduction in the severity of symptoms than
placebo [51].

Chang et al. revealed in a comprehensive review
and meta-analysis that supplementation might
enhance clinical symptoms and cognitive function
in ADHD individuals with low n-3 fatty acid
levels [562]. However, it is controversial whether
n-3 supplements should be used in children
with normal blood levels [7]. Studies must be
methodologically consistent for n-3 supplements
to be recommended in the treatment of ADHD. For
this, accurate ADHD diagnosis criteria, measuring
fatty acid levels of patients before supplementing,
a double-blind controlled design, consistency
of symptom scales and nonpharmacological
intervention studies are required [28].

Limitations: There is a limitation in this review.
There are studies in the literature in which teacher
scales are lacking in assessments for ADHD
symptoms. This prevents establishing an exact
symptomatic connection. Therefore, a complete
relationship could not be established.

Conclusion: Children with ADHD have low levels
of n-3 fatty acids, and when children with low
n-3 fatty acid levels took the n-3 supplement,
improvements in clinical symptoms were seen.
Moreover, dietary patterns with a high n-6/n-3
ratio, rich in saturated and trans-fatty acids,
may worsen ADHD symptoms. However, long-
term randomized controlled double-blind
studies are needed to demonstrate the effect of
supplementation. In addition, it is not clear how
fatty acids affect ADHD.

Conflict of Interest: The authors declare no
conflict of interest related to this article.

Funding sources: The authors declare that this

Acta Medica Alanya 2022:6:2 218



Akin S et al. Fatty acids in ADHD

study has received no financial support

ORCID and Author contribution:
0002-4773-0161):

S.A. (0000-

Writing the article, Data

collection, Data analysis and interpretation. F.G.
(0000-0003-2888-3215): Conception and design,
Critical revision of the article. E.M.G. (0000-0003-

4351-1719):

Data analysis and interpretation,

Critical revision of the article.

Peer-review: Externally peer reviewed.

20.

21.

REFERENCES

Martin A, H. Bloch M, R. Volkmar F. Attention-Deficit Hyperactivity Disorder. Lewis’s
Child Adolesc. Psychiatry, A Compr. Textb. 5th ed., 2018.

Verlaet AAJ, Noriega DB, Hermans N, Savelkoul HFJ. Nutrition, immunological
mechanisms and dietary immunomodulation in ADHD. Eur Child Adolesc Psychia-
try 2014;23:519-29. https://doi.org/10.1007/s00787-014-0522-2.

Vaisman N, Kaysar N, Zaruk-Adasha Y, Pelled D, Brichon G, et al. Correlation
between changes in blood fatty acid composition and visual sustained attention
performance in children with inattention: effect of dietary n-3 fatty acids con-
taining phospholipids. Am J Clin Nutr 2008;87:1170-80. https://doi.org/10.1093/
AJCN/87.5.1170.

Kim W, Deik A, Gonzalez C, Gonzalez ME, Fu F, et al. Polyunsaturated Fatty
Acid Desaturation Is a Mechanism for GlycolyticNAD+ Recycling. Cell Metab
2019;29:856. https://doi.org/10.1016/J.CMET.2018.12.023.

Paidipalli M, Pjescic |, Hindmarsh PL, Crews ND. Single-step intercalating dye
strategies for DNA damage studies. J Microbiol Methods 2013;94:144-151. https://
doi.org/10.1016/j.mimet.2013.06.002.

Mazidi M, Vatanparast H. Serum trans-fatty acids level are positively associated
with lower food security among american adults. Nutr Diabetes 2018;8. https://doi.
org/10.1038/s41387-017-0008-7.

Hawkey E, Nigg JT. Omega-3 fatty acid and ADHD: blood level analysis and me-
ta-analytic extension of supplementation trials. Clin Psychol Rev 2014;34:496-505.
https://doi.org/10.1016/j.cpr.2014.05.005.

Howard AL, Robinson M, Smith GJ, Ambrosini GL, Piek JP, et al. ADHD is associat-
ed with a “Western” dietary pattern in adolescents. J Atten Disord 2011;15:403-11.
https://doi.org/10.1177/1087054710365990.

Parletta N, Niyonsenga T, Duff J. Omega-3 and Omega-6 Polyunsaturated Fat-
ty Acid Levels and Correlations with Symptoms in Children with Attention Deficit
Hyperactivity Disorder, Autistic Spectrum Disorder and Typically Developing Con-
trols. PLoS One 2016;11:e0156432. https://doi.org/10.1371/journal.pone.0156432.

Crippa A, Agostoni C, Mauri M, Molteni M, Nobile M. Polyunsaturated Fatty Ac-
ids Are Associated With Behavior But Not With Cognition in Children With and
Without ADHD: An ltalian study. J Atten Disord 2018;22:971-83. https://doi.
org/10.1177/1087054716629215.

Hibbeln JR, Davis JM, Steer C, Emmett P, Rogers |, et al. Maternal seafood con-
sumption in pregnancy and neurodevelopmental outcomes in childhood (AL-
SPAC study): an observational cohort study. Lancet 2007;369:578-85. https://doi.
org/10.1016/S0140-6736(07)60277-3.

Julvez J, Fernandez-Barrés S, Gignac F, Lopez-Vicente M, Bustamante M, et al.
Maternal seafood consumption during pregnancy and child attention outcomes: a
cohort study with gene effect modification by PUFA-related genes. Int J Epidemiol
2020;49:559-71. https://doi.org/10.1093/IJE/DYZ197.

Ramakrishnan U, Gonzalez-Casanova |, Schnaas L, DiGirolamo A, Quezada AD,
et al. Prenatal supplementation with DHA improves attention at 5 y of age: a ran-
domized controlled trial. Am J Clin Nutr 2016;104:1075. https://doi.org/10.3945/
AJCN.114.101071.

Champe PC, Harvey RA, Ferrier DR. Nutrition. Lippincott’s lllus. Rev. Biochem.,
2007, p. 359-62.

Song J, Park J, Jung J, Lee C, Gim SY, et al. Analysis of Trans Fat in Edible
Oils with Cooking Process. Toxicol Res 2015;31:307. https://doi.org/10.5487/
TR.2015.31.3.307.

Ostlund RE. Phytosterols in human nutrition. Annu Rev Nutr 2002;22:533-49.
https://doi.org/10.1146/ANNUREV.NUTR.22.020702.075220.

Matsuoka R. Property of Phytosterols and Development of Its Containing Mayon-
naise-Type Dressing. Foods 2022;11. https://doi.org/10.3390/FOODS11081141.

Giri A, Kanawjia SK, Rajoria A. Effect of phytosterols on textural and melting charac-
teristics of cheese spread. Food Chem 2014;157:240-5. https://doi.org/10.1016/J.
FOODCHEM.2014.01.127.

Jones PJ, Rideout T. Lipids, sterols, and their metabolites. In: Ross, C., Caballero,
B., Cousins, R.J., Tucker, K.L., Ziegler TR, editor. Mod. Mod. Nutr. Heal. Dis. 11th
ed., Philadelphia: Lippincott Williams & Wilkins, Wolters Kluwer; 2014, p. 67.

Gerber M, Hoffman R. The Mediterranean diet: Health, science and society. Br J
Nutr 2015;113:54-10. https://doi.org/10.1017/S0007 114514003912.

Myles IA. Fast food fever: reviewing the impacts of the Western diet on immunity.
Nutr J 2014;13:61. https://doi.org/10.1186/1475-2891-13-61.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Rios-Hernandez A, Alda JA, Farran-Codina A, Ferreira-Garcia E, Izquierdo-Puli-
do M. The Mediterranean Diet and ADHD in Children and Adolescents. Pediatrics
2017;139:€20162027. https://doi.org/10.1542/peds.2016-2027.

House JS, Mendez M, Maguire RL, Gonzalez-Nahm S, Huang Z, et al. Pericon-
ceptional Maternal Mediterranean Diet Is Associated With Favorable Offspring
Behaviors and Altered CpG Methylation of Imprinted Genes. Front Cell Dev Biol
2018;6:107. https://doi.org/10.3389/fcell.2018.00107.

Steenweg-de Graaff J, Tiemeier H, Steegers-Theunissen RPM, Hofman A, Jaddoe
VWV, et al. Maternal dietary patterns during pregnancy and child internalising and
externalising problems. The Generation R Study. Clin Nutr 2014;33:115-21. https://
doi.org/10.1016/J.CLNU.2013.03.002.

Jacka FN, Ystrom E, Brantsaeter AL, Karevold E, Roth C, et al. Maternal and Early
Postnatal Nutrition and Mental Health of Offspring by Age 5 Years: A Prospective
Cohort Study. J Am Acad Child Adolesc Psychiatry 2013;52:1038-47. https://doi.
org/10.1016/j.jaac.2013.07.002.

Patrick RP, Ames BN. Vitamin D and the omega-3 fatty acids control serotonin
synthesis and action, part 2: relevance for ADHD, bipolar disorder, schizophre-
nia, and impulsive behavior. FASEB J 2015;29:2207-22. https://doi.org/10.1096/
FJ.14-268342.

Matsudaira T, Gow R V., Kelly J, Murphy C, Potts L, et al. Biochemical and Psy-
chological Effects of Omega-3/6 Supplements in Male Adolescents with Atten-
tion-Deficit/Hyperactivity Disorder: A Randomized, Placebo-Controlled, Clinical
Trial. J Child Adolesc Psychopharmacol 2015;25:775-82. https://doi.org/10.1089/
cap.2015.0052.

Bozzatello P, Brignolo E, Grandi E De, Bellino S. Omega-3 Fatty Acids in Health and
Disease. Omega-3 Fat. Acids Heal. Dis., 2016, p. 95-113. https://doi.org/10.1016/
B978-1-893997-82-0.50004-9.

RAZ R, GABIS L. Essential fatty acids and attention-deficit-hyperactivity disorder: a
systematic review. Dev Med Child Neurol 2009;51:580-92. https://doi.org/10.1111/
j.1469-8749.2009.03351.x.

Simopoulos AP. The importance of the ratio of omega-6/omega-3 essential fatty
acids. Biomed Pharmacother 2002;56:365-79. https://doi.org/10.1016/s0753-
3322(02)00253-6.

Dyall SC. Interplay Between n-3 and n-6 Long-Chain Polyunsaturated Fatty Ac-
ids and the Endocannabinoid System in Brain Protection and Repair. Lipids
2017;52:885. https://doi.org/10.1007/511745-017-4292-8.

Anjos T, Altmée S, Emmett P, Tiemeier H, Closa-Monasterolo R, et al. Nutrition
and neurodevelopment in children: focus on NUTRIMENTHE project. Eur J Nutr
2013;52:1825-42. https://doi.org/10.1007/s00394-013-0560-4.

Chalon S. The role of fatty acids in the treatment of ADHD. Neuropharmacology
2009;57:636-9. https://doi.org/10.1016/J.NEUROPHARM.2009.08.012.

Wang L-J, Yu Y-H, Fu M-L, Yeh W-T, Hsu J-L, et al. Dietary Profiles, Nutritional
Biochemistry Status, and Attention-deficit/hyperactivity Disorder: Path Analysis for
a Case-control Study (P18-106-19). Curr Dev Nutr 2019;3. https://doi.org/10.1093/
cdn/nzz039.P18-106-19.

Montgomery P, Burton JR, Sewell RP, Spreckelsen TF, Richardson AJ. Low Blood
Long Chain Omega-3 Fatty Acids in UK Children Are Associated with Poor Cogni-
tive Performance and Behavior: A Cross-Sectional Analysis from the DOLAB Study.
PLoS One 2013;8:e66697. https://doi.org/10.1371/journal.pone.0066697.

Agostoni C, Nobile M, Ciappolino V, Delvecchio G, Tesei A, et al. The Role of
Omega-3 Fatty Acids in Developmental Psychopathology: A Systematic Review on
Early Psychosis, Autism, and ADHD. Int J Mol Sci 2017;18. https://doi.org/10.3390/
1UMS18122608.

Hawkey E, Nigg JT. Omega-3 fatty acid and ADHD: Blood level analysis and me-
ta-analytic extension of supplementation trials. Clin Psychol Rev 2014;34:496-505.
https://doi.org/10.1016/j.cpr.2014.05.005.

Niculescu MD, Lupu DS. High fat diet-induced maternal obesity alters fetal
hippocampal development. Int J Dev Neurosci 2009;27:627-33. https://doi.
org/10.1016/J.IJDEVNEU.2009.08.005.

Islam MA, Amin MN, Siddiqui SA, Hossain MP, Sultana F, et al. Trans fatty acids
and lipid profile: A serious risk factor to cardiovascular disease, cancer and diabe-
tes. Diabetes Metab Syndr Clin Res Rev 2019;13:1643-7. https://doi.org/10.1016/j.
dsx.2019.03.033.

Ginter E, Simko V. New data on harmful effects of trans-fatty acids. Bratislava Med
J 2016;117:251-3. https://doi.org/10.4149/bll_2016_048.

Grandgirard A, Bourre JM, Julliard F, Homayoun P, Dumont O, et al. Incorporation
of trans long-chain n-3 polyunsaturated fatty acids in rat brain structures and retina.
Lipids 1994;29:251-8. https://doi.org/10.1007/BF02536329.

Shimp JL, Bruckner G, Kinsella JE. The effects of dietary trilinoelaidin on fatty acid
and acyl desaturases in rat liver. J Nutr 1982;112:722-35. https://doi.org/10.1093/
jn/112.4.722.

Larqué E, Pérez-Llamas F, Puerta V, Giron MD, Suarez MD, et al. Dietary Trans Fat-
ty Acids Affect Docosahexaenoic Acid Concentrations in Plasma and Liver but not
Brain of Pregnant and Fetal Rats. Pediatr Res 2000 472 2000;47:278-278. https://
doi.org/10.1203/00006450-200002000-00021.

Phivilay A, Julien C, Tremblay C, Berthiaume L, Julien P, et al. High dietary con-
sumption of trans fatty acids decreases brain docosahexaenoic acid but does
not alter amyloid-8 and tau pathologies in the 3xTg-AD model of Alzheimer’s
disease. Neuroscience 2009;159:296-307. https://doi.org/10.1016/J.NEUROSCI-
ENCE.2008.12.006.

Kim J-H, Nam C-M, Kim J-W, Lee D-C, Shim J-S, et al. Relationship between
attention-deficit/hyperactivity disorder and trans fatty acids intake in female
adolescents. Acta Paediatr 2012;101:€431-3. https://doi.org/10.1111/1.1651-
2227.2012.02726 ..

Acta Medica Alanya 2022:6:2 219



46.

47.

48.

49.

50.

51.

52.

Akin S et al. Fatty acids in ADHD

Colter AL, Cutler C, Meckling KA. Fatty acid status and behavioural symptoms of
attention deficit hyperactivity disorder in adolescents: A case-control study. Nutr J
2008;7:8. https://doi.org/10.1186/1475-2891-7-8.

Armon-Omer A, Amir E, Neuman H, Khateeb S, Mizrachi |, et al. Unique Trans-fatty
Acid Profile in Children With Attention Deficit Hyperactivity Disorder. Front Psychia-
try 2021;5:740169. https://doi.org/10.3389/FPSYT.2021.740169.

Milte CM, Parletta N, Buckley JD, Coates AM, Young RM, et al. Eicosapentaenoic
and docosahexaenoic acids, cognition, and behavior in children with attention-defi-
cit/hyperactivity disorder: A randomized controlled trial. Nutrition 2012;28:670-7.
https://doi.org/10.1016/j.nut.2011.12.009.

Gustafsson PA, Birberg-Thornberg U, Duchén K, Landgren M, Malmberg K,
et al. EPA supplementation improves teacher-rated behaviour and opposition-
al symptoms in children with ADHD. Acta Paediatr 2010;99:1540-9. https://doi.
org/10.1111/j.1651-2227.2010.01871.x.

Widenhorn-Mdller K, Schwanda S, Scholz E, Spitzer M, Bode H. Effect of supple-
mentation with long-chain w-3 polyunsaturated fatty acids on behavior and cog-
nition in children with attention deficit/hyperactivity disorder (ADHD): A random-
ized placebo-controlled intervention trial. Prostaglandins, Leukot Essent Fat Acids
2014;91:49-60. https://doi.org/10.1016/j.plefa.2014.04.004.

Firouzkouhi Moghaddam M, Shamekhi M, Rakhshani T. Effectiveness of meth-
ylphenidate and PUFA for the treatment of patients with ADHD: A double-blind-
ed randomized clinical trial. Electron Physician 2017;9:4412-8. https://doi.
org/10.19082/4412.

Chang JPC, Su KP, Mondelli V, Pariante CM. Omega-3 Polyunsaturated Fatty Acids
in Youths with Attention Deficit Hyperactivity Disorder: A Systematic Review and
Meta-Analysis of Clinical Trials and Biological Studies. Neuropsychopharmacology
2018;43:534-45. https://doi.org/10.1038/npp.2017.160.

Acta Medica Alanya 2022:6:2

220



