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Omega-3 polyunsaturated fatty acids (or omega-3 PUFAs, n-3 PUFAs) are essential nutrients throughout the life span. 
Recent studies have shown the importance of n-3 PUFAs supplementation during prenatal and perinatal period as a 
potential protective factor of neurodevelopmental disorders. N-3 PUFAs have been reported to be lower in youth with 
attention deficit hyperactivity disorder (ADHD), autism spectrum disorder (ASD) and major depressive disorder (MDD). 
N-3 PUFAs supplementation has shown potential effects in the improvement of clinical symptoms in youth with ADHD, 
ASD, and MDD, especially those with high inflammation or a low baseline n-3 index. Moreover, it has been suggested 
that n-3 PUFAs had positive effects on lethargy and hyperactivity symptoms in ASD. For clinical application, the follow-
ing dosage and duration are recommended in youth according to available randomized controlled trials and systemic 
literature review: (1) ADHD: a combination of eicosapentaenoic acid (EPA) ＋ docosahexaenoic acid (DHA) ≥ 750 
mg/d, and a higher dose of EPA (1,200 mg/d) for those with inflammation or allergic diseases for duration of 16−24 weeks; 
(2) MDD: a combination of a EPA ＋ DHA of 1,000−2,000 mg/d, with EPA:DHA ratio of 2 to 1, for 12−16 weeks; 
(3) ASD: a combination of EPA ＋ DHA of 1,300−1,500 mg/d for 16−24 weeks as add-on therapy to target lethargy 
and hyperactivity symptoms. The current review also suggested that n-3 index and inflammation may be potential treat-
ment response markers for youth, especially in ADHD and MDD, receiving n-3 PUFA.

KEY WORDS: Attention deficit disorder with hyperactivity; Autism spectrum disorder; Inflammation; Major depressive 
disorder; Omega-3; Adolescent.

INTRODUCTION

More evidence showed that early interventions for neu-
rodevelopmental disorders, such as attention deficit hy-
peractivity disorder (ADHD), autism spectrum disorder 
(ASD) and major depressive disorder (MDD), may help re-
duce the social economic burden of the patient, their fam-
ily members and the society as a whole. Nutritional psy-
chiatry has recently become a popular area of inves-
tigation due to the relatively low adverse effects profiles of 
the nutraceuticals and the accessibility of nutritional 

products. Among the nutritional supplementations, ome-
ga-3 polyunsaturated fatty acids (or omega-3 PUFAs, n-3 
PUFAs) have been suggested as a potential treatment for 
several neurodevelopmental disorders, especially those 
associated with inflammation-driven mechanisms; since 
n-3 PUFAs have been shown to ameliorate neuroinflam-
mation with its anti-inflammatory and anti-oxidative pro-
perties. N-3 PUFAs are essential fatty acids (EFAs) for our 
mind and body throughout the life span. Recent studies 
have further shown the importance of n-3 PUFAs supple-
mentation during prenatal and perinatal period as a po-
tential protective factor of neurodevelopmental disorders. 
The association between n-3 PUFAs and ADHD, ASD and 
MDD will be reviewed in the aim to provide a preliminary 
clinical guideline for physicians for n-3 PUFAs supple-
mentation for youth with these disorders. 
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BRAIN, BEHAVIORS AND OMGEA-3 
POLYUNSATURATED FATTY ACIDS 

(N-3 PUFAS)

There are two main types of PUFAs in the human body, 
the omega-6 (n-6) PUFAs from the cis-linoleic acid (LA, 
18:2n-6) and the n-3 PUFAs from the -linolenic acid 
(ALA, 18:3n-3). N-3 and n-6 PUFAs are important con-
stituents of all cell membranes; they are called the EFAs, 
because they are crucial for the survival for the humans 
and mammals but cannot be synthesized within the body 
[1]; and can only be obtained from diets [1]. The PUFAs 
appear to be active in the biological function, and some of 
their functions require their conversion into metabolites 
including eicosanoids. Linoleic acid can be converted to 
gamma-linolenic acid (GLA, 18:3n-6) and GLA can be 
elongated to form dihomo-GLA (20:3n-6), which is the 
precursor of the prostaglandin (PG)-1s. Dihomo-GLA can 
also be converted to arachidonic acid (AA, 20:4n-6), 
which is the precursor of the PG-2s, thromboxanes (Txs) 
and the Leukotriene (LT)-4s. On the other hand, ALA can 
be converted to eicosapentaenoic acid (EPA, 20:5n-3) 
and EPA forms the precursor of PG-3s and LT-5s. In addi-
tion, EPA can be converted to docosahexaenoic acid 
(DHA, 22:6n-3). Both PGs and LTs are highly biologically 
active, have proinflammatory action and are known to be 
involved in the pathophysiology of inflammation-associated 
disorders, such as atherosclerosis, asthma, cardiovascular 
diseases, cerebrovascular diseases, inflammatory bowel 
syndrome, neurological diseases and metabolic syndrome 
[1-3].

Several lines of evidence support the importance of n-3 
PUFAs in brain disorders [4-8]. DHA and EPA are both es-
sential for the brain and the body, and the deficiency of 
both may impair brain development and attribute to the 
development of several brain disorders such as ADHD, 
ASD, dementia and depression. For example, DHA defi-
ciency has been associated with neuronal membrane in-
stability and dysfunctional transmission of serotonin, nor-
epinephrine and dopamine [9], which might be asso-
ciated with the mood and cognitive dysfunction of ADHD 
and depression. In addition, n-3 PUFAs helped to im-
prove and prevent symptoms of depression [5,6,10,11], 
ADHD [7,12] and ASD [13], and cognitive function in 
mild cognitive impairment [8] in clinical trials.

N-3 PUFAs and Neurodevelopment
N-3 PUFAs deficiency especially in the early stages of 

life, may cause changes of myelination, neurogenesis, 
synaptogenesis, neurotransmitter turnover, brain connec-
tivity, cellular differentiation and development, inflam-
matory reactions, cognitive functioning, and behavior. 
For example, deficiency of n-3 PUFAs in mothers during 
gestation have been associated with maternal depression 
and child neurodevelopment [14]. Animal models of ma-
ternal immune activation (MIA) with n-3 PUFAs deficient 
diet showed that these animal models have a higher cen-
tral and peripheral inflammation than the MIA animal 
models with n-3 PUFA balanced diet, moreover, the off-
spring of the group with n-3 PUFAs deficient diet also had 
higher inflammatory interleukin (IL)-6 in the brain tissues, 
and a poorer spatial memory when compared with the 
offspring of those with n-3 PUFAs balanced diet [15]. 
Moreover, epidemiological studies showed that mothers 
who consumed little or no seafood, which contain n-3 
PUFAs, have babies who have more suboptimal perform-
ance of neurodevelopmental measures [4]. 

N-3 PUFAs are incorporated into membrane phospho-
lipids and the incorporation of DHA takes place in 
uniquely high levels in the brain [16]. DHA exerts several 
functions in process of neurogenesis, neurotransmission 
and protection against oxidative stress [17] and starts to 
accumulate in brain during pregnancy, especially in the 
second half of gestation [18], coinciding with the growth 
spurt in the grey matter [18]. Accumulation of DHA in the 
brain starts prenatally and continues up to two years after 
the birth of the baby [19]. Once high levels of DHA are 
achieved in the brain, they are maintained during later 
life, but this also depends on an optimal dietary supply, 
for example, the dominant source for DHA levels in adults 
are primarily from a diet with fish [20]. Moreover, the n-3 
PUFAs modulate brain cell signaling via monoamine reg-
ulation, activation of signal transduction, and the mod-
ification of synaptic membrane and receptor properties 
via lipid rafts [21], which may explain their role in the on-
set of certain psychiatric diseases [7,8,22-24]. 

N-3 PUFAs and Inflammation
N-3 PUFAs have anti-inflammatory and immunomo-

dulatory properties [23]; for example, n-3 PUFAs supple-
mentation was associated with decreases in NF-B, IL-12, 
and IL-13 gene expression [25], and levels of macrophage 
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inflammatory protein (MIP)-2, IL-6 [26], IL-17A [27], and 
tumor necrosis factor- (TNF-) [28]. In addition, EPA is 
important in balancing the immune functions and phys-
ical health by reducing membrane AA (a n-6 PUFAs) and 
prostaglandin E2 (PGE2) synthesis [29], and which may 
be associated with medical comorbidity and somatic 
symptoms in depression [23]. Moreover, EPA and DHA 
have been shown to increase anti-inflammatory action via 
inhibition of free radical generation and oxidant stress [1]. 
Moreover, a recent animal study further showed that n-3 
PUFAs deficient diet exacerbated inflammation in an ani-
mal model of maternal immune activation, where the 
pregnant mice were injected with lipopolysaccharide to 
induce inflammation reaction, and induces spatial memo-
ry deficits in the adult offspring; while the offspring of the 
mice fed with n-3 PUFAs balanced diet during gestation 
had less central and peripheral inflammation and less 
memory deficits when compared with those of mice fed 
with n-3 PUFAs deficient diet [15].

N-3 PUFAs and Gut-Brain Axis (GBA)
Recently, researchers have suggested that the effects of 

n-3 PUFAs on the central nervous system, may be via the 
alteration of the GBA. GBA is the bidirectional communi-
cation system that allows gastrointestinal (GI) microbes to 
communicate with the brain [30]; it has been proposed 
that n-3 PUFAs may alter the gut microbiota and the mi-
crobiota produced short-chain fatty acids (SCFA), and 
transmit signals to affect brain function via the vagus 
nerve from the gut to the brain. Animal studies further sup-
ported that hypothesis by showing that a long-term ad-
ministration of EPA/DHA in early-life-stressed rats led to 
the restoration of the normal Firmicutes/Bacteroidetes ra-
tio and improved the stress-associated inflammatory con-
ditions by increasing the abundance of butyrate-produc-
ing bacteria and decreasing the levels of pro-inflammatory 
bacterial genera, such as Akkermansia and Flexibacter 

[31,32]. Moreover, human study showed n-3 PUFAs sup-
plementation increased neuroprotective Bifidobacterium 

and Lactobacillus in healthy volunteers and butyrate-pro-
ducing (associated with anti-inflammation) bacterial genera 
[33], which may partially explain the anti-inflammatory 
mechanisms of n-3 PUFAs [33].

CLINICAL CONDITIONS AND OMGEA-3 
POLYUNSATURATED FATTY ACIDS

N-3 PUFAs and ADHD
ADHD is a common neurodevelopmental disorder 

with a prevalence rate of 5−10% [34]. ADHD has a high 
comorbidity with other psychiatric disorders, including 
conduct disorders [35], mood disorders [36], anxiety dis-
orders, and substance use disorders [37]; if left untreated, 
it will have a great impact on the society, including an in-
crease in work absenteeism, school drop-outs, motor ve-
hicle accidents, substance use problems and lower eco-
nomic growth of the society as a whole [38]. Despite the 
good efficacy of the current pharmacotherapy children 
with ADHD- around 60−80%, there are still about 20−
40% of patients with ADHD either respond poorly to the 
current medications available or suffer from medication 
side effects [39]. Thus, nutritional interventions such as 
n-3 PUFAs supplementation, also with its safety profile 
and anti-inflammatory effects, have been of great interest 
as a potential treatment for ADHD [7,12].

Pre-clinical studies

N-3 PUFAs deficiency has recently been investigated as 
a potential pathogenetic mechanism in ADHD [40,41]. In 
epidemiological studies, children of mothers who have 
lower seafood intake during pregnancy are at risk of sub-
optimal outcomes for prosocial behaviours, fine motor 
coordination, verbal communication and social develop-
ment [4]. Moreover, children with ADHD was shown to 
have a greater severity of EFAs deficiency, a clinical syn-
drome associated with insufficient fatty acid levels and 
comprising symptoms such as dry and scaly skin, eczema, 
and dry eyes [40]. In addition, Dietary EFA deficiency in 
children with ADHD correlates negatively with plasma 
DHA levels [41], while EFA deficiency presentation pos-
itively correlates with ADHD severity [40]. In terms of 
blood PUFAs levels, lower red blood cells PUFAs [41] 
and a higher n-6/n-3 ratio [42] have been reported in 
ADHD, and lower n-3 PUFAs levels are positively asso-
ciated with ADHD symptom severity in children [42,43]. 
A recent meta-analysis also showed that children with 
ADHD have lower blood levels of DHA, EPA and total n-3 
PUFAs when compared with typically developing chil-
dren [7]. 

Of note, single nucleotide polymorphisms (SNPs) of the 
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fatty acid desaturase 1 (FADS1) and FADS2 genes, which 
code for the enzymes, delta-5 desaturase and delta-6 de-
saturase, responsible for the metabolism of polyunsatu-
rated fatty acids, has been suggested to have significant 
association with ADHD [44]. ADHD has been associated 
with SNP rs498793 in the FADS2 gene, while the two 
SNPs rs174545 and rs174548 in the FADS1 gene were 
nominally associated with ADHD in the prenatal alco-
hol-exposed group of children [44].

Clinical studies

Although there were previous meta-analyses investigat-
ing the effects of n-3 PUFAs in ADHD [45-49], their find-
ings might be confounded by heterogeneity in the clinical 
samples, including both children and adult subjects [47] 
or subjects with diagnosis other than ADHD [45,48], as 
well as by the inclusion of non-parallel trials [47,48], as 
well as mixed supplementation interventions including 
n-3 PUFAs together with vitamins and nutrients [46,49]. 
Thus, an updated meta-analysis, avoiding the limitations 
of the previous meta-analyses, showed that n-3 PUFAs 
have greater improvement in both inattention and total 
ADHD scores and cognitive function [7]. In addition, the 
subanalysis also showed that n-3 PUFAs supplementation 
with EPA ＞ 500 mg/d improved clinical hyperactivity/ 
impulsivity symptoms [7]. Moreover, a previous study ex-
amining 10 ADHD clinical trials with 699 children with 
ADHD (predominantly males, 60−87%) suggested that a 
high dose of EPA (1−2 g) supplementation is required to 
show significant improvement of clinical symptoms in 
ADHD [50].

The findings from clinical trials of n-3 PUFAs in chil-
dren with ADHD have been controversial. Some clinical 
trials with n-3 PUFAs supplementation in ADHD have 
shown improvement in clinical symptoms [51-53] and 
cognitive performances [54-56], but others have found no 
beneficial effects [57]. Moreover, most of the trials used 
DHA as the main component of the n-3 PUFAs 
[53,54,56], or used a rather low combined dosage of 
DHA and EPA (＜ 500 mg/d) [51,55]. However, a recent 
study showed that high EPA dosage of 1,200 mg/d im-
proved cognitive function (focused attention and vigi-
lance) in those children with ADHD with a low EPA level 
(more inflamed ), but did not improve cognitive function 
in those children with normal or high EPA level [12]. This 
further implies that subtyping ADHD with inflammation 

status or endogenous n-3 PUFAs level may contribute to 
the personalized medicine in ADHD with n-3 PUFAs as 
treatment; where endogenous n-3 PUFAs levels and in-
flammation status can be used as a treatment response 
predictor.

N-3 PUFAs and ASD
ASD is a complex neurodevelopmental disorder and its 

core symptoms are (1) deficits in social interaction, com-
munication, and language. For example, they would have 
difficulty in establishing normal conversations, whether 
they involve verbal or nonverbal aspects and demon-
strated social interest, emotion and affection and (2) repet-
itive and stereotypical behaviors and/or a restricted reper-
toire of interests such as insistence on doing the same 
things [58]. Children with ASD also frequently experience 
behaviour problems [13], immune- associated medical 
conditions and altered brain function [59]. 

Nutritional factors have been suggested to play a role in 
the development of ASD. Since there is the lack of effec-
tive medication for the ASD core symptoms, while some 
effective medications have multiple side effects, thus nu-
tritional supplements, such as n-3 PUFAs, have been re-
ceiving much interest in improving ASD symptoms [13].

Pre-clinical studies

Both animal and human studies showed alterations in 
central and peripheral immune system functioning in 
ASD, such as the stimulation of immune cells, generation 
of autoantibodies, cytokine/chemokine imbalance, and 
increased permeability of the blood-brain barrier [60,61]. 
Children with ASD have higher plasma levels of PGE2, 
leukotriene and 8-isoprostane [62], and lower levels of 
antioxidant proteins. Moreover, increased levels of oxida-
tive stress markers was associated with the ASD symptom 
severity [63]. These findings further support the spec-
ulation that there is a subpopulation in ASD that has im-
mune system dysregulation that may contribute to the au-
tistic phenotype, and by correction the immune dysregu-
lation may help improve clinical symptoms. 

Studies showed ASD have abnormalities in the gray 
and white matter of brain regions that are associated with 
social interaction, restrictive repetitive behavior, and sen-
sory processing [64,65] and an abnormal level of brain 
derived neurotrophic factor (BDNF, a protein that pro-
motes the survival of neurons) which has been associated 
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with severity of ASD symptoms [66]. On the other hand, 
n-3 PUFAs such as DHA have been reported to have pos-
itive effects on neurite survival, outgrowth and myelina-
tion in animal cultured cortical [67], sensory [68], and 
hippocampal neurons [69] by normalising BDNF and re-
ducing oxidative damage [70]. In addition, n-3 PUFAs 
supplementation has been shown to decrease the gene 
expressions of NF-B, IL-12 and IL-13 [25], MIP-2, IL-6 
[26] and TNF- [28].

The role of n-3 PUFAS in ASD could be explained by 
the enzyme defects involved in the conversion of n-3 
PUFAs from their precursors or deficits in the process of 
incorporation of PUFAs into the cell membrane [71]. 
Genetic variants in FADS genes have been shown to en-
hance the conversion of AA from its precursors [72]. One 
FADS2 SNP and multiple FADS2 SNP (two SNP in males 
and nine SNP in females) have been associated with n-6 
aggregate desaturase indices [72]. In addition, altered n-3 
PUFAs metabolism has also been reported in APOE4 al-
lele carriers [73]. The carriers, compared with non 
APOE4-carriers, have higher -oxidisation rates of n-3 
PUFAs [73]. Furthermore, altered messenger (mRNA) gene 
expression levels of fatty acid binding protein 7 (FABP7) 
were reported in post-mortem ASD brains, while in-
creased hyperactivity and anxiety-related phenotype (two 
common features in ASD) in FABP7 knockout mice [74]. 

Epidemiological and cross-sectional studies showed 
that children with ASD, when compared with typically 
developing children, have lower levels of DHA, EPA, and 
higher total n-6 to n-3 PUFAs ratio [24]. Altered fatty acid 
composition in ASD has been suggested due to their re-
stricted food preferences and limitation in n-3 PUFAs in-
take [75]. However, the intake of n-3 PUFAs in ASD re-
main controversial, where some reported a lower intake 
of ALA, the precursor of DHA and EPA [75], while others 
reported no difference in n-3 PUFAs intake [76]. Thus, 
this may further suggest that disturbed PUFAs metabolism 
rather than inadequate PUFAs intake may be the cause of 
altered fatty acid composition in ASD.

Clinical studies

On the other hand, open-label trials of n-3 PUFAs 
showed significant improvement in symptoms of ASD 
[77,78]. Despite this promising evidence, the findings 
from randomized controlled trials (RCT) investigating the 
effect of n-3 PUFAs on ASD symptoms remained incon-

clusive. For example, one group showed that n-3 PUFAs 
(EPA ＋ DHA) was superior over placebo in reducing ster-
eotypy, inappropriate speech and hyperactivity [79], while 
another study failed to show any effect of n-3 PUFAs sup-
plementation on autism severity symptoms, adaptive 
functioning, externalizing behaviour or verbal ability 
[80]. 

Thus, several meta-analyses attempted summarize the 
effect of n-3 PUFAs in ASD. A meta-analysis including 4 
RCTs (n = 107) showed that n-3 PUFAs, compared with 
placebo, improved social interaction and repetitive and 
restricted interests and behaviours [24]. However, the 
findings cannot be generalised to all children with ASD 
because the included children predominantly comprised 
males, were of different age groups (＜ 8 years-old to 28 
years-old), displaying different symptom severity or high 
hyperactivity level. With regard to the potential effect of 
age, three out of six studies included a wide age range, 
which may have resulted in greater response variability. 
In addition, the trial duration also varied widely in studies 
included in this review (6−26 weeks). Since evidence 
suggested that it takes at least 6 months for PUFA to reach 
a steady state on the erythrocyte membrane [81] and at 
least 4 months to demonstrate an effect on cognitive per-
formance [82], it has also been suggested that longer 
study periods up to one year might be needed to demon-
strate n-3 PUFAs supplementation associated behavioural 
changes [83].

Another meta-analysis including 5 RCTs (n = 183) in 
children with ASD showed that n-3 PUFAs significantly 
improved lethargy symptoms of the Aberrant Behavior 
Checklist (ABC) in the n-3 PUFAs group compared with 
the placebo group, but a significant worsening of both ex-
ternalizing behavior and social skills [84]. In addition, a 
recently published meta-analysis with updated studies 
(including 6 studies) in children with ASD suggests that 
supplementation of n-3 PUFAs may improve scores on 
the ABC hyperactivity, ABC lethargy, and ABC stereotypy 
subscales (n = 109). However, no significant differences 
in clinical improvement as measurement of Clinical 
Global Impression-Improvement (n = 169) or Social Re-
sponsiveness Scale total scores (n = 97). Most studies in-
cluded in this meta-analysis used n-3 PUFAs dosages be-
tween 1.3 and 1.5 g/d with duration of treatment ranging 
from 6 to 24 weeks; only one study used a much lower 
dosage of n-3 PUFAs (200 mg/d). Most participants were 
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males and younger than 12 years and most trials excluded 
nonverbal participants or those with severe intellectual 
disabilities; therefore, the study results may only be appli-
cable to small subgroups of ASD patients [13]. 

N-3 PUFAs and MDD
MDD is the leading cause of morbidity in youth, with a 

prevalence rate between 5−12% world-wide. However, 
there have only been a few evidence-based treatment op-
tions for pediatric patients, and only about 60% of pedia-
tric MDD patients respond to treatment [85]. N-3 PUFAs 
deficiency has been reported in patients with MDD; 
moreover, patients with depression have also reported a 
lower level of n-3 PUFAs [22,86].

Pre-clinical studies

Epidemiological studies observed that societies with 
high consumption of n-3 PUFAs have lower prevalence 
rates of depression [87], and clinical trials showed that 
n-3 PUFAs improved and prevented symptoms of depres-
sion [5,6,10,11,88]. Furthermore, n-3 PUFAs effectively 
treated depressive disorders in recent studies and some 
studies have shown EPA alone [89] or a combination of 
EPA and DHA [10,88] had positive effects for patients 
with MDD. N-3 PUFAs improved the 4-month course of 
illness in patients with bipolar disorder in a preliminary 
trial [90], and in the further analysis and of the preliminary 
trial found that n-3 PUFAS are more beneficial in the de-
pressive phase than in the manic phase in patients with bi-
polar I disorder [91,92]. In fact, n-3 PUFAs have been 
found to have antidepressant effects in several place-
bo-controlled trials [11].

The effect of n-3 PUFAs on MDD symptoms may also 
attribute to the alteration of gut-brain axis and the restora-
tion of the autonomic nervous system (ANS) function via 
its effects on the heart rate variability (HRV). A growing 
body of literature suggested that a dysfunctional GBA may 
contribute to the pathophysiology of depression. Gut dys-
biosis has been suggested to lead to depression-like 
behavior. Administration of antibiotics in mice was 
shown to lead to gut dysbiosis, depression-like behavior 
and altered neuronal hippocampal signaling, while such 
phenotype is reversible after administration of probiotic 
treatment with Lactobacillus casei [93]. Some studies fur-
ther showed that by transplanting GI microbiota from hu-
mans with depression to germ-free or microbiota-deficient 

rodents induces a depression-like phenotype, including 
anhedonia and anxiety-like behaviors [94,95]. However, 
such behavioral changes were not observed in mice re-
ceiving microbiota transplantation from healthy controls. 
Moreover, microbial produced SCFAs that were asso-
ciated with alleviation of depression in mice [96], while 
depletion of SCFAs such as butyrate, acetate and propio-
nate has been reported in MDD [95,97]. The fact the 
SCFAs dampen inflammation has suggest their anti-
depressant effects via anti-inflammatory properties [98]. 
However, their relations with inflammation still needs 
more clarification, since although butyrate has been shown 
to decrease neuroinflammation by action on microglial G 
protein-coupled receptors 109a receptors [99], propionic 
acid has been shown to activate microglia in rats and pro-
mote immune cell recruitment in fatty acid receptor-3 
mediated pathway [100].

Autonomic nervous system changes can also be found 
in altered mood states and appear to be a central bio-
logical substrate linking depression to a number of phys-
ical dysfunctions. ANS alterations result in vagal with-
drawal, reflected by a decrease in HRV indices, and a de-
crease HRV has been associated with emotional dysregu-
lation, and decreases in psychological flexibility and so-
cial engagement manifestations, which have been closely 
associated with prefrontal hypoactivity [101], one of the 
mechanisms contributing to the development of depression. 
Moreover, adolescents with depression or anxiety have 
lower HRV than controls [102], while those treated with 
antidepressants have been associated with a higher HRV 
[103]. In addition, n-3 PUFAs deficiency has also been as-
sociated with autonomic dysregulation [104]. On the oth-
er hand, n-3 PUFAs supplementation not only improve 
HRV, but also increase cellular n-3 PUFAs, and decrease 
risk for arrhythmias and sudden death [105]. Study also 
showed benefits of n-3 PUFAs supplementation in early 
life by increasing HRV [106,107].

Moreover, it has been suggested that the genetic varia-
tions in phospholipase A2 and cyclooxygenase 2 genes, 
enzymes responsible for PUFAs metabolism, have been 
associated with the risk of inflammation- induced depres-
sion, possibly by lowering the levels of n-3 PUFAs such as 
EPA and DHA, which have anti-inflammatory properties, in 
both MDD patients [108] and medically ill patients treat-
ed with the pro-inflammatory cytokine interferon- [109]. 
A recently published practice guideline for clinical use of 
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n-3 PUFAs in MDD [110] suggested that n-3 PUFAs in 
MDD treatment should be considered for special pop-
ulations including pregnant women [5,111-113], and 
children. 

Clinical studies

There have been only a few studies using n-3 PUFAs 
monotherapy in pediatric depression, but with contro-
versial findings [114-117]. A pilot study comparing the ef-
fects between n-3 and n-6 PUFAs in children and adoles-
cents (age 7−18 years-old) with first time diagnosed de-
pressive disorder (DD) and mixed anxiety and depressive 
disorder (MADD) for 12 weeks showed that n-3 PUFAs 
(1,000 mg EPA ＋ 750 mg DHA) is superior in the reduc-
tion of the overall depression symptoms. Moreover, the 
DD group showed greater improvement in depression 
symptoms than the MADD group [117]. Another study of 
n-3 PUFAs in children with MDD (n = 28, age 6−12 
years-old) for 16 weeks also showed that n-3 PUFAs (EPA 
380−400 mg/d ＋ DHA 180−200 mg/d) was superior to 
placebo in improving the MDD symptoms [116]. A third 
study of adolescents (n = 20) with treatment resistant 
MDD comparing high (16.2 g n-3 PUFAs: 10.8 g EPA ＋ 

5.4 g DHA) and low dosage (2.4 g n-3 PUFAs: 1.6 EPA ＋ 

0.8 g DHA) n-3 PUFAs showed that the high dosage group 
had 100% remission while low dosage group had 40% re-
mission at the end of the 10 week-trial [114]. On the other 
hand, a study with medication-free adolescents (n = 51; 
aged 12−19 years) with DSM-IV-TR diagnoses of MDD 
were randomized to receive a fixed-flexible dose titration 
schedule based on clinical responses and side effects of 
n-3 PUFAs (EPA:DHA:2:1; with the initial dose of 1.2 g/d 
was increased 0.6 g/d every 2 weeks, up to a maximum of 
3.6 g/d [EPA 2.4 g ＋ DHA 1.2 g]) or a placebo for 10 
weeks did not show superior effects of n-3 PUFAs [116]. 
However, the authors suggested that the negative findings 
in their study may be due to not subtyping the patients at 
baseline for inflammation status. 

CLINICAL IMPLICATION AND 
PRACTICAL GUIDELINES 

General Considerations
N-3 PUFAs supplementation is important throughout of 

life span even during prenatal period, and n-3 PUFAs defi-
ciency may contribute to the development of pediatric 

psychiatric disorders. Thus, adequate supplementation 
should be kept in mind for prevention and a higher dos-
age should be considered for specific disorders such as 
ADHD, ASD, and MDD in children and adolescents. The 
European Food Safety Authority has DHA dietary recom-
mendations for infants and toddlers aged 6−24 months 
(100 mg DHA/d), however, they do not have specific 
recommendations for the adequate intake for children 
aged 2−18 years. Therefore, dietary advice should be 
consistent with the advice for the adult population, which 
should aim to achieve a mean daily intake of 250 mg 
DHA ＋ EPA. This can be achieved by consuming 1−2 
fatty fish meal(s)/wk. When this is not possible, consum-
ing supplements containing n-3 PUFAs is an option. 

If children with ADHD, ASD and MDD want to take n-3 
PUFAs, and are responding well with the current pre-
scription of pharmacotherapy, they should continue with 
the current treatment and only consider use n-3 PUFAs as 
an augmentation to the current treatment. Moreover, they 
should always consult their healthcare provider before 
taking n-3 PUFAs supplements. Children manifesting with 
excessive thirst, frequent urination, skin bumps, and al-
lergy may suggest that they have a greater severity in EFA 
deficiency [41], and n-3 PUFAs supplementation may be 
indicated to improve both their physical and mental 
well-being. Generally, the n-3 PUFAs dosage for ADHD, 
ASD and MDD falls between the range of 750 mg/d to 
2,000 mg/d, where a combination of DHA and EPA is rec-
ommended [7,12,13,114,116]. The duration of n-3 PUFAs 
is usually recommended at 16 weeks, however, if the pri-
mary outcome include observable/measurable behaviour 
changes, the duration may extend up to 52 weeks [83]. Of 
note, lethargy, hyperactivity and stereotypy are specific 
symptoms in ASD reported to be responsive to n-3 PUFAs 
treatment [13] (Table 1).

Safety Considerations
Due to the relative safe and tolerability profile [13,84] 

of n-3 PUFAs, they have been suggested as potential treat-
ments for pediatric psychiatric disorders including 
ADHD, ASD and pediatric MDD. However, there are still 
come safety concerns regarding n-3 PUFAs. For example, 
it has been suggested that the potential antithrombotic ef-
fect of n-3 PUFAs may theoretically increase the risk for 
bleeding. However, according to Harris’s systematic re-
view on 19 available clinical trials with n-3 PUFAs sup-



476 J.P.C. Chang and K.P. Su

Table 1. Preliminary clinical guideline for children with ADHD, ASD, and MDD

Categories
Clinical conditions

ADHD ASD MDD

General Should always consult the child’s primary healthcare provider before initiation of any n-3 PUFAs supplementation
If the current medication showed good effect, the current medication should be continued in combination with n-3 PUFAS

Dosage 750 mg/d (DHA ＋ EPA) in general;
1,200 mg/d (EPA) for those with high 

inflammation or low n-3 PUFAs levels

1,300−1,500 mg/d (DHA ＋ EPA) 6−12 years: 1,000 mg/d (DHA ＋ EPA, 
DHA:EPA: 1:2);

＞ 12 years: at least 2,000 mg/d (DHA ＋
EPA, DHA:EPA:1:2)

Duration 16−24 weeks: inattention
52 weeks: behaviour

16−24 weeks: ABC lethargy, 
hyperactivity and/or stereotypy

12−16 weeks: mood symptoms

Safety Routine blood tests on fasting glucose, hemogram and lipid profile (cholesterol, HDL, LDL, TG) should be administered every 6−12 
months.

If clinicians are not familiar with high-quality n-3 PUFAs in the market, they should consider prescription n-3 fatty acid products 
(RxOM3FAs).

Clinical 
predictors

Clinical symptoms such as excessive thirst, frequent urination, dry hair, dry skin, dandruff, brittle nails and small bumps on the skin 
may indicate a deficiency in EFAs such as n-3 PUFAs.

Biomarker 
predictors

Low endogenous n-3 PUFAs levels
High inflammation such as elevated CRP

High inflammation such as elevated CRP High inflammation such as elevated CRP

ADHD, attention deficit hyperactivity disorder; ASD, autism spectrum disorder; MDD, major depressive disorder; n-3, omega-3; PUFAs, poly-
unsaturated fatty acids; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; ABC, Aberrant Behavior Checklist; HDL, high-density lipo-
protein; LDL, low-density lipoprotein; TG, triglyceride; EFAs, essential fatty acids; CRP, C-reactive protein. 

plementation for patients with high risk of bleeding (n = 
4,397) [118], the risk for clinically significant bleeding is 
“virtually nonexistent!” Another potential safety concern 
is the susceptibility of n-3 fatty acid to undergo oxidation 
[119] , which may contribute to patient intolerance and 
potential toxicity [120,121]; however, the conclusions 
are highly inconsistent. Most of the published studies 
have shown either no change in oxidation [122-130], or a 
decrease in oxidation [131-141]. Other common re-
ported side effects of n-3 PUFAs included gastrointestinal 
discomfort and irritability [24]. In addition, a recent 
meta-analysis involving 21 RCTs (n = 24,460) on the ad-
verse effects of prescription n-3 fatty acid products 
(RxOME3FAs) showed that although there was no definite 
evidence of any RxOME3FA-emerging serious events, 
RxOME3FAs were associated with more treatment-related 
dysgeusia, skin abnormalities (eruption, itching, eczema), 
and mild adverse effects, and mild effects on non-lipid bi-
ochemistry measurements including fasting glucose, ele-
vated alanine transaminase, elevated blood urea nitrogen, 
decreased hemoglobin and hematocrit [142]. Moreover, 
subanalysis showed that EPA/DHA combination were as-
sociated with more treatment related eructation and nau-
sea and elevation of low-density lipoprotein cholesterol 
[142]. Thus, suggesting that even with the use of a rela-
tively safe and tolerable treatment such as n-3 PUFAs, at 

least a 6- to 12-month periodic monitoring of biochemistry 
and lipid profile are recommended.

Another safety concern is the quality of the n-3 PUFAs. 
Since dietary supplements are different from prescription 
drugs and are usually loosely regulated, supplements do 
not have to meet strict government regulatory standards 
for purity, quality, efficacy and safety as pharmaceutical 
agents. As a result, fish oil dietary supplements in the mar-
ket may contain certain concentrations of n-3 PUFAs and 
possibly saturated fatty or other containments [143,144]. 
On the other hand, prescription n-3 fatty acids 
(RxOME3FAs) may contain better quality n-3 PUFAs, 
since they have to follow the government regulations for 
pharmaceutical agents in the aspect of purity, quality, effi-
cacy and safety.

Future Direction 
In the future, where n = 1, personalized medicine is the 

step forward. Thus, biomarkers predicting n-3 PUFAs 
treatment response will be extremely important to provide 
patients with more effective treatment options. Studies 
have reported that those with a low endogenous n-3 
PUFAs (or more inflamed ) or a high inflammation status 
(perhaps elevated c-reactive protein, CRP, or increased 
inflammatory index) have been shown to respond better 
to n-3 PUFAs [12,145]. Moreover, stricter enrolment di-
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agnostic criteria will also affect n-3 PUFAs treatment 
efficacy. One meta-analysis showed that with patients 
with DSM diagnosis made by structured interview appear 
to be more responsive to n-3 PUFAs than those with 
self-reported psychiatric symptoms [146]. Thus, subtyp-
ing the individuals with ADHD, ASD and MDD with in-
flammatory status or endogenous n-3 PUFAs levels and 
clinical severity may help contribute to personalised med-
icine in this population. 

CONCLUSION

N-3 PUFAs has a crucial role in neurodevelopment, 
thus adequate supplementation for those who are defi-
cient may help enhance the effects of the current standard 
treatments. It is to be kept in mind that any addition of the 
n-3 PUFAs supplementation should always be consulted 
initially with the child’s primary psychiatrists, and if the 
children are already responding well with the current 
medication, the medication should not be discontinued, 
but rather considered to have n-3 PUFAs as an option for 
augmentation. In addition, if children are more prone to 
have symptoms such as dry and scaly skin, eczema, and 
dry eyes, it may indicate that they have a deficiency in 
EFAs such as n-3 PUFAs. Moreover, routine 6−12 
months follow up on the biochemistry and lipid profiles of 
children using n-3 PUFAs is recommended, and if clini-
cians are not familiar with the high-quality n-3 PUFAs in 
the market, they should consider RxOM3FAs. Again, the 
recommendation is based on the current published stud-
ies available, more studies are encouraged to further in-
vestigate the role the n-3 PUFAs in these pediatric dis-
orders and formulate a more refined guideline in the fu-
ture in the aim of personalized medication with n-3 
PUFAs in ADHD, ASD and MDD.
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