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Abstract

Introduction Attention Deficit-Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder that affects a significant
population of children. Omega-3 supplementation is being explored since standard pharmacological treatments cause
bothersome side effects. Our objective is to examine the impact of Omega-3 fatty acids on the symptoms of ADHD in
children.

Methods: We conducted a systematic review, searching for randomized clinical trials in MEDLINE, Embase, and Web of
Science from April 17th until May 1st, 2024. Studies were included if they involved children aged 6-18 with ADHD who
consumed Omega-3 fatty acids through diet or supplementation. Studies were excluded if they included individuals without
an ADHD diagnosis, used animal models, or supplements alongside Omega-3. Data extraction and Cochrane Risk-of-Bias
(RoB2-tool) analysis were performed using Covidence. Findings were described in tables and analyzed.

Results: A total of thirty-one eligible randomized clinical trials were included, evaluating 2,494 individuals with an average
age of 8.93 years (SD = 1.39). Most studies (90.3%) followed a two-arm design comparing Omega-3 supplementation to
placebo. While fourteen studies (45.1%) reported statistically significant benefits of Omega-3 supplementation in overall
ADHD symptoms, the sub-analysis on hyperactivity/impulsivity and inattention symptoms showed no significant effects or
differences between groups. Studies were highly heterogeneous in design, interventions, trial duration, dosage, and outcome
measurement tools.

Conclusion: Overall, Omega-3 may not have a significant effect on ADHD symptoms to recommend its use. Future
research should address the limitations, such as the main dose and comparator and also ideal treatment time.
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Introduction

Attention Deficit-Hyperactivity Disorder (ADHD) is
a neurodevelopmental disorder that affects children
globally (Xu et al., 2018). This disorder is character-
ized by inattention, hyperactivity, and impulsivity,
leading to impairments in the child’s social interac-
tions, academic performance, and overall well-being
(Héndel et al., 2021).

The prevalence of ADHD in children under 18
years has increased over time, from 7.2% in 2015 to
8.7% in the United States (Thomas et al., 2015). This
rise is attributed to increased awareness, changes
in diagnostic criteria, and improved access to care
(Abdelnour et al., 2022).

Effective interventions are crucial, given their im-
pact on a child’s development and quality of life.
Methylphenidate (MPH) is currently the most widely
used medication and is considered safe for long-term
use in children and adolescents. However, concerns
remain about modest increases in blood pressure
and pulse rate (Man et al., 2023; ADDUCE study,
2023), among other side effects that are acknowl-
edged by clinicians, patients, and family (Berger et
al., 2008; Man et al., 2023). Other options, like am-
phetamines, atomoxetine, and non-pharmacological
therapies, vary in availability and usage across coun-
tries due to differing healthcare access and regula-
tions (Felt et al., 2014).

As a result, new treatments, such as Omega-3 fatty
acids, are being explored for their potential benefits
without these side effects, and have gained consider-
able attention as complementary or alternative treat-
ments for ADHD. Omega-3 fatty acids are essential
components of brain cell membranes and play a criti-
cal role in neurotransmission and brain development.
Children with ADHD often exhibit lower levels of
these fatty acids in their blood (Hawkey & Nigg,
2014). While the mechanisms by which they influ-
ence ADHD symptoms are not fully understood, they
may involve modulation of neurotransmitter systems,
reduction of inflammation (Bagga et al., 2003; Das,
2006), and enhancement of neuronal communication
(Chang & Su, 2010).

However, despite the promising findings regarding
Omega-3 supplementation, a knowledge gap remains
in understanding the full extent of its efficacy and the
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mechanisms underlying its effects on ADHD symp-
toms. Several systematic reviews and meta-analyses
have examined the impact of Omega-3 supplemen-
tation on ADHD (Abdullah et al., 2019; Agostoni
et al., 2017a; Bloch& Qawasmi, 2011; J. et al., 2018;
Cooper et al., 2015; Gillies et al., 2023a; Héndel et
al., 2021b). The findings suggest that, while not as
effective as traditional pharmacological treatments,
Omega-3 supplements, particularly those high in
eicosapentaenoic acid (EPA), show slight improve-
ments in hyperactivity, impulsivity, and inattention.
These benefits are more pronounced in children with
lower baseline Omega-3 levels, suggesting a potential
for biomarker-based personalized treatment. Despite
their modest efficacy, Omega-3 supplements have a
favorable side effect profile, making them a viable
supplementary option to conventional ADHD med-
ications. The discrepancies in findings, along with
emerging new data, highlight the need for a new
review.

Therefore, we conducted this systematic review
to evaluate the current evidence on the impact of
Omega-3 fatty acids on ADHD symptoms in children,
including their relationship with different types and
dosages of Omega-3. We also incorporate recent ran-
domized clinical trials (RCTs) to provide comprehen-
sive guidance for clinicians and families considering
non-pharmacological interventions.

Materials and Methods

Search strategy

We conducted a search in the MEDLINE, Embase,
and Web of Science electronic databases (Bramer et
al.,, 2017) between April 17th and May 1st, 2024.
An a priori search strategy was developed using
Medical Subject Headings (MeSH) terms and free-
text keywords, following recommended guidelines
(Aromataris & Riitano, 2014), and refined based on
our population, intervention, control, and outcomes
(PICO) framework. Key search terms included "atten-
tion deficit disorder with hyperactivity" OR "ADHD"
OR "attention deficit hyperactivity disorder" OR "Hy-
perkinetic disorder" OR "Inattentiveness" OR "Hy-
peractivity" AND "minority groups" OR "minors"
OR "kids" OR "child" OR "children" OR "pediatric"
AND "fatty acids, omega 3" OR "Omega-3" OR "alpha-
linolenic acid" OR "docosahexaenoic acids"OR "eicos-
apentaenoic acid" OR "N-3 fatty acids" OR "Polyun-
saturated fatty acids" OR "PUFA* OR "DHA" OR "n
3 oil" OR "Fish oil" OR "EPA" AND "randomized con-
trolled trial" OR "controlled clinical trial" OR "trial"
NOT ("animals" NOT "humans").

We did not conduct additional manual searches
of reference lists from the retrieved articles or gray
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Figure 1: PRISMA Flow diagram representing the study selection process.

literature sources (e.g., Google Scholar, Dissertation,
and Theses).

Selection of the studies

Our review adheres to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Page et al., 2021), and the selection
process is outlined in Figure 1. Authors (GPR and
NCP) independently assessed the results from the
electronic searches for each database using the same
search strategy. References were stored in Covidence,
a web-based software (Covidence systematic review
software, Veritas Health Innovation, Melbourne,
Australia. Available at www.covidence.org). All
authors participated as first, second, and third
reviewers. Covidence was used for title and
abstract screening by two independent investiga-
tors. Studies meeting the inclusion criteria were
retrieved in full text and assessed for eligibility.
Any disagreements between the two reviewers were
resolved through discussion, and, if necessary, a
third investigator was consulted to reach a consensus.

Inclusion criteria

Studies were included if they involved preschoolers,
children, and adolescents (less than or equal to 18
years old), diagnosed with ADHD, investigating
the intake of Omega-3 fatty acids through diet or
supplementation and its impact on the severity
of ADHD symptoms. Only RCTs published in
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peer-reviewed journals in English or Spanish over
the past 30 years were considered.

Exclusion criteria

Studies were excluded if they involved animal
models, adults (>18 years old), individuals without
an ADHD diagnosis, or if they used herbal or
vitamin supplements alongside Omega-3, with the
exception of vitamin E supplementation due to its
synergistic properties with Omega-3 and its common
prescription alongside it. In terms of study design,
meeting abstracts, prospective and retrospective
cohort studies, case-control studies, systematic
reviews, meta-analyses, narrative reviews, editorials,
opinion articles, and comments were also excluded.

Data extraction

For the extraction phase, we followed the recom-
mendations outlined in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins
et al., 2024). All authors contributed to extract the
following information for each trial: the first author’s
name, year of the study, country, setting, blinding,
arms, interventions and controls, total sample size,
outcomes assessed, and measurement scores on
specified rating scales. We also collected participants’
baseline characteristics, such as age, as well as any
adverse events. The main data are summarized in
Table 1.
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Risk of bias assessment

The risk of bias in the included studies was assessed
using the Cochrane Risk-of-Bias Tool 2 (Sterne et
al., 2019). All authors acted as first, second, and
third reviewers. Two investigators independently
evaluated each study, examining domains such as
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, and
selective reporting. Discrepancies were resolved
through discussion, and a third investigator was in-
volved if consensus could not be reached. All articles
that met the inclusion criteria were considered for
the result, regardless of the quality of the study.

Data synthesis

We included results from all the studies that met
the inclusion criteria and reported relevant informa-
tion. The findings were exported from Covidence
to an Excel sheet (Microsoft Excel®) and summa-
rized descriptively in Table 1. A narrative synthesis
was performed to summarize the findings from the
included studies, given the heterogeneity in study
designs, interventions, and outcomes, which high-
lights the complexity of the research findings. We
did not contact the authors to get additional informa-
tion; when data were unavailable in the trials, it was
recorded as “NA”.

Results

Description of the studies

In this review, a total of 621 studies were obtained
from Embase (n=306), Web of Science (n=171), and
Pubmed (n=144). Following title and abstract screen-
ing, as well as full-text screening on the Covidence
platform, duplicate and ineligible studies were ex-
cluded from the data extraction process. Figure 1
shows the PRISMA flow diagram detailing this pro-
cess.

A total of 31 eligible articles (Chang et al., 2019;
Bos et al., 2015; Carucci et al., 2022; Cornu et al.,
2018; Milte et al., 2012; Voigt et al., 2001; Salehi
et al., 2016; Rodriguez et al., 2019; Stevens et al,,
2003; Gustafsson et al., 2010; Barragén et al., 2017;
Mohammadzadeh et al., 2019; Crippa et al., 2019;
Widenhorn-Miiller et al., 2014; Johnson et al., 2009;
Mohammadzadeh et al., 2019; Dubnov-Raz et al.,
2014; Milte et al., 2015; Behdani et al., 2013; Hariri
et al,, 2012; Anand & Sachdeva 2016; Matsudaira et
al., 2015; Raz et al., 2009; Hirayama et al., 2004; Sinn
& Bryan 2007; Perera et al., 2012; Dashti et al., 2014;
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Manor et al.,, 2012; Vaisman et al., 2008; Assareh
et al., 2017; Bélanger 2009; Voigt et al., 2001) were
included in this systematic review, all of which were
RCTs.

Study design

Out of these, 26 (83.8%) (Voigt et al., 2001; Stevens
et al.,, 2003; Hirayama et al., 2004; Vaisman et al,,
2008; Belanger, 2009; Raz et al., 2009; Gustafsson
et al.,, 2010; Hariri et al., 2012; Manor et al., 2012;
Milte et al., 2012; Perera et al., 2012; Behdani et
al., 2013; Dashti et al., 2014; Dubrov-Raz 2014;
Widenhorn-Muller 2014; Matsudaira et al., 2015;
Anand & Sachdeva 2016; Salehi et al., 2016; Assareh
et al.,, 2017; Moghaddam et al., 2017; Cornu et
al.,, 2018; Chang et al., 2019; Crippa et al., 2019;
Rodriguez 2019; Mohammadzadeh et al.,, 2019;
Carucci et al., 2022), utilized parallel design, four
studies (12.9%) used a cross-over design (Sinn &
Bryan, 2007; Belanger 2009; Johnson et al., 2009;
Milte et al., 2015), and one study (3.2%) used a
factorial study design (Bos et al., 2015). A summary
of the study designs is shown in Table 2. The total
number of patients evaluated in this systematic
review was 2,494, with an average sample size of
88.3 participants (SD = 41.9) and an average age of
8.93 years (SD = 1.39).

Intervention and comparators

Twenty-five studies (87%) (Voigt et al., 2001; Stevens
et al.,, 2003; Sinn & Bryan, 2007; Vaisman et al., 2008;
Bélanger 2009; Johnson et al., 2009; Raz et al., 2009;
Gustafsson et al., 2010; Hariri et al., 2012; Manor et al.,
2012; Perera et al., 2012; Behdani et al., 2013; Dashti
et al., 2014; Widenhorn-Miiller et al., 2014; Bos et al.,
2015; Matsudaria 2015; Milte et al., 2015; Salehi et al.,
2016; Assareh et al., 2017; Moghaddam 2017; Cornu
et al., 2018; Crippa et al., 2019; Rodriguez et al., 2019;
Mohammadzadeh et al., 2019; Carucci et al., 2022),
compared Omega-3 versus placebo. Some of these
studies included various combinations of interven-
tions, such as Omega-3 versus fish oil versus placebo
(Vaisman et al., 2008); Omega-3/6 + MPH versus
placebo + MPH (Perera et al., 2012); MPH+Omega-3
versus MPH + placebo (Behdani et al., 2013; Assareh
et al,, 2017; Moghaddam 2017, Mohammadzadeh
et al., 2019); Omega-3 versus MPH versus placebo
(Dashti et al., 2014); and MPH+zinc versus MPH +
Omega-3 versus MPH + placebo (Salehi et al., 2016).
The median duration of treatment was 14 weeks (IQR
12), ranging from seven weeks to 48 weeks. Details
of the interventions and comparators are presented
in Table 1.

Principles and Practice of Clinical Research (2024) 10; 4
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The most commonly used combination of Omega-3
and Omega-6 fatty acids included EPA, DHA, and
GLA, as reported by five studies (16.13%) (Sinn &
Bryan, 2007; Johnson et al., 2009; Matsudaira et al.,
2015; Barragén et al., 2017; Carucci et al., 2022). Of
these, four studies (12.9%) also incorporated vitamin
E into the regimen (Sinn & Bryan, 2007; Johnson
et al., 2009; Matsudaira et al., 2015; Carucci et al.,
2022). Other combinations included DHA+EPA or
DHA+EPA+AA+GLA with vitamin E (Stevens et al.,
2003; Widenhorn-Miiller et al., 2014). Most treat-
ments were administered in the form of prescribed
capsules, although a few studies referenced natural
sources of Omega-3 and -6, such as primrose oil and
fish oil (Sinn & Bryan, 2007; Vaisman et al., 2008).
The dosage of Omega-3 and Omega-6 varied across
studies. The total daily EPA dosage ranged from 180
mg to 1.2g, while DHA ranged from 120 mg to 1,032
mg. Vitamin E dosages ranged from 8 to 10.8 mg.
One commonly used daily dosage combination was
6 capsules of 93 mg of EPA (558 mg/day), 29 mg of
DHA (174 mg/day), 10 mg of GLA (60 mg/day), and
1.8 mg of vitamin E (10.8 mg/day). Some studies pre-
scribed PUFA doses based on the child’s age or body
weight (Assareh et al., 2017; Barragan et al., 2017;
Dashti et al., 2014; Matsudaira et al., 2015; Salehi et
al., 2016; Cornu et al., 2018).

In the comparator arms, three studies used
standard ADHD treatment such as MPH or Atomox-
etine (Dashti et al., 2014; Anand & Sachdeva 2016;
Barrdgan 2017). Twenty-eight studies employed
placebos in the form of vegetable oils like olive,
sunflower, palm, soybean, safflower, rapeseed, or
cellulose (Voigt et al.,, 2001; Stevens et al., 2003;
Hirayama et al., 2004; Sinn & Bryan, 2007; Vaisman
et al., 2008; Johnson et al., 2009; Bélangerer 2009;
Raz et al., 2009; Gustafsson et al., 2010; Milte et al.,
2012; Hariri et al., 2012; Perera et al., 2012; Manor
et al., 2012; Behdani et al., 2013; Widenhorn-Miiller
et al., 2014; Dubnov-Raz et al., 2014; Dashti et al.,
2014; Bos et al., 2015; Milte et al., 2015; Matsudaira
et al., 2015; Moghaddam 2017; Assareh et al., 2017;
Cornu et al., 2018; Chang et al., 2019; Rodriguez et
al., 2019; Mohammadzadeh et al., 2019; Crippa et
al., 2019; Carucci et al., 2022). All trials except one
were double-blinded (Barragédn et al., 2017). Two
studies included an open-label extension (Carucci et
al., 2022; Johnson et al., 2009).

Outcomes

The studies included in this review focused primarily
on assessing the effect of Omega-3 supplementa-
tion on two primary outcomes related to ADHD
symptoms: overall ADHD symptoms and subtype
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symptoms (impulsivity /hyperactivity and inatten-
tion). These outcomes were measured using a variety
of standardized tools, with ADHD-Rating Scale
(ADHD-RS) and Conners’ Parent and Teacher Rating
Scales (CPRS and CTRS) being the most commonly
used scores.

Effect of Intervention on Outcomes
Overall ADHD symptoms

Fourteen of the thirty-one trials reported a statisti-
cally significant (p<0.05) improvement in at least
one subscale in the Omega-3 group (Stevens et
al., 2003; Sinn & Bryan, 2007; Vaisman et al., 2008;
Johnson et al., 2009; Gustafsson et al., 2010; Hariri
et al., 2012; Manor et al., 2012; Perera et al., 2012;
Dashti et al., 2014; Bos et al., 2015; Barragéan et al,,
2017; Moghaddam 2017; Rodriguez et al., 2019,
Chang et al., 2019). In contrast, 17 trials reported no
statistically significant effects after treatment (Voigt
et al,, 2001, Hirayama et al., 2004; Bélanger 2009;
Raz et al., 2009; Milte et al., 2012; Behdani et al.,
2013; Dubnov-Raz et al., 2014; Widenhorn-Miiller et
al., 2014; Matsudaira et al., 2015; Milte et al., 2015;
Anand & Sachdeva 2016; Salehi et al., 2016; Assareh
et al.,, 2017; Cornu et al., 2018; Crippa et al., 2019;
Mohammadzadeh et al., 2019; Carucci et al., 2022)

ADHD subtype symptoms
Impulsivity/Hyperactivity

Twenty-three (74.2%) trials reported results for hyper-
activity and impulsivity, utilizing various scales such
as ADHD-RS (Assareh et al., 2017; Barragan et al,,
2017; Carucci et al., 2022; Cornu et al., 2018; Crippa
et al., 2019; Mohammadzadeh et al., 2019), CTRS
(Caruccdi et al., 2022; Dashti et al., 2014; Gustafsson
et al., 2010; Manor et al., 2012; Milte et al., 2012),
CPRS (Bélanger 2009; Carucci et al., 2022; Crippa et
al., 2019; Dashti et al., 2014; Gustafsson et al., 2010;
Manor et al., 2012; Milte et al., 2012; Sinn & Bryan,
2007), DISYPS-II (Widenhorn-Miiller et al., 2014),
MOXO performance test (Dubnov-Raz et al., 2014),
EDAH version for families (Rodriguez et al., 2019),
Self-made Checklist (Perera et al., 2012), Continuous
Performance Test (CPT) (J. P-C. Chang et al., 2019; Hi-
rayama et al., 2004) and Barratt-Impulsiveness Scale
(Matsudaira et al., 2015).

The effect of Omega-3 on hyperactivity and
impulsivity varied across the trials, with 15 studies
showing no effect from Omega-3 supplementation
(Assareh et al., 2017; Bélanger 2009; Cornu et al,,
2018; Hirayama et al, 2004; Matsudaira et al,

Principles and Practice of Clinical Research (2024) 10; 4



Article and N

N Included (n completed)
Voigt 2001

n=63

64

Stevens
2003
n=50; 33

Hirayama 2004
n= 40

Sinn 2007
n= 167
n= 104

Vaisman 2008
n=83
n= 60

Bélanger 2009
n=37
n=26

Johnson 2009
n=75
n= 59

Raz 2009

n=73

n=63
Gustafsson 2010
n=92

n=82

Hariri 2012
n= 120
n =103

Manor 2012
n=200
n= 147

Milte 2012
n=90
n=70
Perera 2012
n=98
n=94

Behdani 2013
n=75
n=69

Country and setting
United States

Single

United States
Single

Japan
Single

Australia
Single

Isracl
Single

Canada
Single

Sweden
Multi-center

Israel
Single

Sweden
Multi-center

Single

Israel
Single

Australia
Multi-center

Sri Lanka
Single

Single

Intervention vs. control

Omega-3 vs. Placebo

Omega-3 vs Placebo

DHA supplement in
specific foods vs. Placebo

Omega-3vs. Placebo

Omega-3 vs. Fish oil vs.
Placebo

Omega-3 vs. Placebo

Omega-3 vs. Placebo

Omega-3 vs. Placebo

Omega-3 vs. Placebo

Omega-3 vs. Placebo

Omega-3 vs. Placebo

Omega-3 vs. Fish oil

Omega-3 + 6 + MPH
vs. Placebo +MPH

MPH + Omega-3vs.
MPH + Placebo

Age (years)

6-12.

6-13.

6-12.

7-12.

8-13.

6-11.

8-18.

7-13.

7-12.

6-11.

6-13.

712,

6-12.

7-15.

Study Design and Duration
Parallel

17.4 weeks

Parallel
17 weeks

Parallel
9 weeks

One-way crossover
30 weeks

Parallel
13 weeks

One-way Crossover
26 weeks

One-way Crossover
8 and 16* weeks

Parallel
7 weeks

Parallel
15 weeks

Parallel
17.4 weeks

Parallel with open label extension
8 weeks

Parallel
26 weeks

Parallel
26 weeks

Parallel
9 weeks

Table 1: Characteristics of the included studies.
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Summary

No statistically signifi imp. observed in

any objective or subjective measure of ADHD
symptoms after the 4-month supplementation.

Improvement of PUFA group in most outcomes
compared to placebo, but reached significance only
in conduct (42.7% decrease vs 9.9%, P=0.05) and
attention (14.8% improvement vs -3.4%, P=0.05)

No changes were seen in 5 out of 7 criteria: attention
deficit, hyperactivity and impulsivity, aggression,
visual perception, visual-motor integration, and
impatience. The control group showed improvement
over the intervention group in visual and auditory
short-term memory, and continuous performance.(P <
0.02 and 0.001, respectively)

PUFA supplementation improved parent ratings of

yperacivity, impulsivity, and
oppositional behavior compared to placebo, with
medium to large effect sizes. These findings were
also replicated after crossover. Statistical significance
reached in 9 out of 14 subscales at 15 weeks.

Total Test of Variables of Attention score showed
greater improvements in attention in Omega-3 and
Fish Oil groups compared to placebo, with Omega-3
showing the most improvement (p < 0.001)

The SWAN questi ire showed no si

differences. Conners’ revealed improvements in
inattention and impulsivity in both groups, with
greater but non-significant improvement in Omega-3.

In Phase I, 26% of participants in the active group
showed a >25% reduction in ADHD symptoms,
compared to 7% in the placebo group(p = .04). In
Phase 11, 47% of participants were responders (p =
03), with 12% achieving >50% symptom reduction.

No between-group difference was found in the
changes of the various measures of ADHD symptoms.

EPA supplementation improved
inattention/cognitive scores (p = 0.04) but not
Conners' total score. In oppositional children, 48%
showed 225% improvement in total score with EPA
versus 9% for placebo (p = 0.01).

The intervention group showed significant
improvement in Conners’ Abbreviated
Questionnaires (p = 0.001), while the placebo group
showed no significant improvement (p = 0.251). Note:
Statistical analysis used unpaired t-tests instead of
paired t-tests.

Phosphatidylserine with Omega-3 showed no

significant improvements in any subscale, except for
CPRS parent-rated restless/impulsive symptoms (p <
0.05) and CHQ Emotional impact on parent (p<0.05)

No signi i in primary after
16 weeks. However, increased erythrocyte DHA levels
improved several scales.

ini

P
impulsiveness, and cooperation (p<0.05) at 24 weeks
in an unvalidated scale. Effect sizes ranged from 0.3
to 1.1 at 12 weeks and 0.2 to 1.4 at 24 weeks.

No significant differences between experimental and
control groups at baseline or at weeks 2, 4, and 8.
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Dashti 2014 Iran Omega-3 vs. MPH vs. 6-12. Parallel Omega-3 demonstrated significant efficacy

n=85 Single Placebo 16 weeks comparable to MPH in reducing symptoms of
hyperactivity-impulsivity in combined subtypes of
ADHD. The placebo group in the study did not
exhibit significant changes.

Dubnov-Raz 2014 Israel ALA-rich sage oil vs. 6-16. Parallel Of 40 patients, only 17 (42.5%) completed the study.

n=40 Single Placebo 8 weeks No significant differences in ADHD symptoms were

a=17 found before or after supplementation in either
group

Widenhorn-Miiller 2014 Germany Omega-3vs. Placebo 6-12. Parallel Omega-3 levels improved working memory function,

n=110 NA 8 weeks but had no effect on ADHD symptoms or behavior

n=95 ratings.

Bos 2015 Netherlands Omega-3vs. Placebo 8-14. 2 X 2 factorial design Omega-3 PUFAs reduced parent-rated inattention

n=79 Single 16 weeks compared to placebo (p<0.001). No changes in fMRI

n=77 were found. The treatment effect varied over time,
influenced by ADHD diagnostic status.

Matsudaira 2015 United Kingdom Omega-3vs. Placebo 12-16. Parallel Despite increased EPA and DHA erythrocyte levels,

n=76 Single 17.4 weeks the treatment group showed no significant

n= 69 improvement in ADHD symptoms or related
psychological measures compared to the placebo
group.

Milte 2015 Australia Omega-3 vs. Placebo 6-13. Crossover No significant treatment effects on literacy,

n=93 Multi-center 12 weeks cognition, or behavior among EPA, DHA, and LA

n=53 groups.

Anand 2016 India Omega-3 + Atomoxetine 411, Parallel While the study group showed a greater reduction in

n=50 Single vs. Atomoxetine alone 8.7 weeks ADHD scores compared to the control group, the

n=50 difference was not statistically significant (p = 0.08).
The improvement was more notable among male
participants with the combined type of ADHD.

Salehi 2016 Iran MPH + zinc vs. MPH + 6-15. Parallel No significant differences in Conners' scale scores

n= 150 Single Omega-3 vs. MPH + 17 weeks among groups before treatment (P = 0.07) or at any

n=? Placebo point during treatment (P > 0.05).

Assareh 2017 Iran Omega-3 + MPH vs. 6-12. Parallel Inattention, and hyperactivity scores showed no

n=40 Single Placebo + MPH 52 weeks significant difference between groups. Impulsivity
scores decreased significantly more in the PUFAs
group after adjusting for age, sex, and MPH dose. The
study could not confirm the beneficial effect of
PUFAs for ADHD treatment.

Barragin 2017 México Omega-3 + MPH vs. MPH ~ 6-12. Parallel Combination of MPH + Omega-3/6 was superior to

n=90 Single alone 8 weeks Omega-3/6 alone for ADHD Total and Hyperactivity-

n=69 Unblinded Impulsivity subscales but similar for I ion. CGI-

Moghaddam 2017 Iran Omega-3 + MPH vs. MPH + 6-12. Parallel Mean ADHD-RS reduction: 19.745.9 (MPH + Omega-

n=40 Single Placebo 10 weeks 3) vs. 151£9.3 (MPH + placebo, p<0.067). Response

n=40 rate (225% reduction): 90% (MPH + Omega-3) vs.
60% (MPH + placebo, p=0.028). Authors conclude
PUFA is effective.

Cornu 2018 France Omega-3vs. Placebo 6-15. Parallel ADHD-RS score reduction was greater in the placebo

n=162 Multicenter 13 weeks group (p < 0.05)

n= 148

Chang 2019 China High-dose EPA vs. Placebo  8-18. Parallel Improved attention and vigilance scores (p < 0.05)

n=103 Single 12 weeks but worsened impulsivity in high baseline EPA

n=92 participants.

Crippa 2019 Ttaly Omega-3 vs. Placebo 7-14. Parallel Within-group differences on the Conners' scale

n=50 Single 26 weeks showed ADHD symptoms decreased in the DHA

n=48 group and increased in the placebo group. No
between-group differences were observed.

Rodriguez 2019 Spain Omega-3 vs. Placebo 6-18. Parallel Improvements in the Omega-3 group when compared

n=95 Single 8 weeks to placebo reached statistical significance in 2 of 3

n=66 scales (p<0.05).

Mohammadzadeh 2019 Iran Omega-3 + MPH vs. 6-12. Parallel No superiority of Omega-3 over placebo was

n= 66 Single Placebo + MPH 26 weeks observed in ADHD-RS and CPRS.

n= 60

Carucci 2022 Ttaly Omega-3 vs Placebo 6-12. Parallel with open-label extension No statistically significant differences were noted

n=160 Multi-center 52 weeks between Omega-3 and Placebo groups on the blinded

n=135 phase of the trial.

Characteristics of the included studies. Abbreviations: CGI-S = Clinical Global Impressions—Severity"; ADHD-RS = Attention Deficit Disorder Rating Scale; CBCL = Child Behavior Checklist, CPRS =
Conners’ Parent Rating Scale; CTRS = Conner’s Teacher Rating Scale; SWAN = The Strengths and Weaknesses in ADHD and Normal Behaviors; CGAS = Children’s Global Assessment Scale; MPH =
Methylphenidate; Alpha linolenic acid = ALA; Eicosap ic acid = EPA; Docosahexaenoic acid = DHA; PUFA.

Table 1: (continued) Characteristics of the included studies.
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Study design

Two-arm RCT

Omega-3 vs. Placebo

Omega-3 + Methylphenidate vs Placebo
+ Methylphenidate

Omega-3 + Methylphenidate vs
Methylphenidate alone

DHA supplement in specific foods vs.
Placebo

Omega-3 vs Fish Oil

Omega-3 + 6 + Methylphenidate vs
Placebo + Methylphenidate

ALA rich sage oil vs Placebo

Omega-3 + atomoxetine vs atomoxetine
alone

High dose EPA vs Placebo
Three-arm RCT

Omega-3 vs. Fish oil vs. Placebo
Omega-3 vs. Methylphenidate vs.
Placebo

MPH + zinc vs. MPH + Omega-3 vs.
MPH + Placebo

Total

Systematic Review

Number analyzed
28 (90.3%)

17 (60.71%0)

4 (14,30%)

1 (3.57%)
1 (3.57%)

1.(3.57%)
1 (3.57%)

1 (357%)
1 (357%)

1 (3.57%)
3 (9.7%)
1 (33.3%)
1 (33.3%)

1 (33.3%)

31

Table 2: Study designs.

2015; Milte et al., 2012; Widenhorn-Miiller et al.,
2014; Perera et al., 2012, Dubnov-Raz et al., 2014;
Rodriguez et al., 2019; Sinn & Bryan, 2007; Vaisman
et al., 2008; Salehi et al., 2016; Crippa et al., 2019;
Carucci et al., 2022). Conversely, 6 studies reported
significantly positive results (Barragéan et al., 2017;
Moghaddam 2017; Dashti et al., 2014; Gustafsson
et al., 2010; Manor et al., 2012; Anand & Sachdeva
2016), while two studies indicated a worsening
of symptoms (Chang et al., 2019; Johnson et al., 2009).

Sub-analysis: Inattention

Twenty-four studies (77.4%) assessed attention
through various scales, including the CPT (Chang
et al., 2019), Parent-rated Child Behavior Checklist
(Bos et al., 2015), ADHD-RS (Assareh et al., 2017;
Carucci et al., 2022; Crippa et al., 2019; Johnson et
al., 2009; Milte et al., 2012; Mohammadzadeh et al.,
2019), CPRS and CTRS (Bélanger 2009; Anand &
Sachdeva, 2016; Carucci et al., 2022; Gustafsson et
al., 2010; Rodriguez et al., 2019; Salehi et al., 2016),
Test of Everyday Attention for Children (Milte et
al., 2012), Test of Variables of Attention (Voigt et al.,
2001), D2+AULA Nesplora executive function test
(Rodriguez et al., 2019), DBD Rating Scale (Stevens et
al., 2003), ANCOVAs (Barragan et al., 2017), DISYPS-
II (Widenhorn-Miiller et al., 2014), CGI (Johnson et al.,
2009), MOXO-CPT (Dubnov-Raz et al., 2014), DSM-
IV ADHD Rating Scale (Hirayama et al., 2004; Manor
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et al., 2012; Sinn & Bryan, 2007), 11-item checklist
(Perera et al., 2012), TOVA (Vaisman et al., 2008)
CPRS-L (Sinn & Bryan, 2007).

Among these studies, 7 (29.1%) reported sta-
tistically significant improvements in attention
symptoms (Bos et al., 2015; Chang et al., 2019;
Gustafsson et al., 2010; Perera et al., 2012; Sinn &
Bryan, 2007; Stevens et al., 2003; Vaisman et al., 2008).
However, 17 studies (70.7%) found no significant
effects or differences among groups (Voigt et al.,
2001; Hirayama et al., 2004; Assareh et al., 2007;
Johnson et al., 2009; Bélanger 2009; Manor et al.,
2012; Milte et al.,, 2012; Dubnov-Raz et al., 2014;
Widenhorn-Miiller et al., 2014; Milte et al., 2015;
Salehi et al., 2016; Anand & Sachdeva 2016; Barragan
et al., 2017; Crippa et al., 2019; Mohammadzadeh et
al., 2019; Rodriguez et al., 2019; Carucci et al., 2022).
Specific scales, such as the CBCL attention problems
subscale (Bos et al., 2015) and CTRS (Gustafsson et
al., 2010), showed notable improvements. Mixed
results were noted with scales like ADHD-RS, with
Carucci et al. (2022) reporting statistical differences
slightly favoring Omega-3/6 during the open-label
phase, while other authors (Crippa et al.,, 2019;
Johnson et al., 2009) found no significant differences
overall.

Risk of bias in individual studies:

The risk of bias across the studies was assessed in five
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key domains: bias arising from the randomization
process (D1), bias due to deviations from intended
intervention (D2), bias due to missing outcome data
(D3), bias in the measurement of the outcome (D4),
and bias in the selection of the reported result (D5).
The overall risk of bias is depicted in Figure 2, which
shows the proportion of studies categorized as low
risk (green), having some concerns (yellow), or high
risk (red) across these five domains. Figure 3 pro-
vides a detailed breakdown of the risk level for each
individual study, allowing for a comparison of bias
across all domains.

The studies exhibited variability in terms of bias
risk. Among the thirty-one included studies, eight
studies (26%) were rated as having a low risk of bias
across all domains (Vaisman et al., 2008, Manor et al.,
2012; Milte et al., 2012; Widenhorn-Miiller et al., 2014;
Anand & Sachdeva 2016; Cornu et al., 2018; Crippa
et al., 2019; Carucdi et al., 2022). Nine studies (29%)
were assessed as having “some concerns” in at least
one domain, with particular emphasis on domains
D1, D3, and D5 (Voigt et al., 2001; Sinn & Bryan,
2007; Bélanger 2009; Raz et al., 2009; Perera et al.,
2012; Dashti et al., 2014; Milte et al., 2015; Assareh
et al., 2017, Mohammadzadeh et al., 2019). Fourteen
studies (45%) were classified as having a high risk of
bias, predominantly influenced by issues in domains
D2, D3, and D4 (Stevens et al., 2003; Hirayama et
al., 2004; Johnson et al., 2009; Gustafsson et al., 2010;
Hariri et al., 2012; Behdani et al., 2013; Dubnov-Raz
et al., 2014; Bos et al., 2015; Matsudaira et al., 2015;
Salehi et al., 2016; Barragan et al., 2017; Moghaddam
2017; Chang et al., 2019; Rodriguez et al., 2019). This
qualitative analysis highlights the overall integrity
of the included studies and the need for cautious
interpretation of the findings, especially in those with
identified risks of bias.

Discussion

This review included 31 RCTs published between
2003 and 2022, summarizing a total of 2,494 patients
aged 4-18 years. The main objective was to evaluate
the impact of Omega-3 supplementation on ADHD
symptoms of children and adolescents. Overall,
the results are highly heterogeneous in terms of
study design, interventions, trial duration, dosage,
and outcome measurement tools. This complexity
makes it difficult to compare studies and to arrive
at a confident conclusion regarding the effects of
Omega-3 on ADHD clinical manifestations.

Some studies reported that Omega-3 significantly
reduced inattention scores and performed similarly
to MPH in reducing ADHD symptoms, including
hyperactivity-impulsivity (Bélanger 2009; Anand &
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Sachdeva 2016; Barragan et al., 2017; Bos et al., 2015;
Chang et al., 2019; Crippa et al., 2019; Moghaddam
et al., 2017; Gustafsson et al., 2010; Hariri et al., 2012;
Milte et al., 2015; Perera et al., 2012; Sinn & Bryan,
2007; Stevens et al., 2003; Vaisman et al., 2008). How-
ever, these studies had limitations, such as small
sample sizes and statistical flaws, which challenge
the reliability of their findings. On the other hand,
several studies found no significant benefit of Omega-
3 supplementation on ADHD symptoms, with some
showing better results in the placebo group or no
enhancement when combined with MPH (Assareh
et al., 2017; Barragén et al., 2017; Carucci et al., 2022;
Cornu et al., 2018; Crippa et al., 2019; Dubnov-Raz et
al., 2014; Hirayama et al., 2004; Johnson et al., 2009;
Matsudaira et al., 2015; Mohammadzadeh et al., 2019;
Raz et al., 2009; Salehi et al., 2016; Voigt et al., 2001;
Widenhorn-Miiller et al., 2014). Three studies con-
cluded that DHA supplementation had no beneficial
effect, while four studies with EPA showed signif-
icant improvements in ADHD symptom measures
(Chang et al., 2019; Crippa et al., 2019, Gustafsson
et al., 2010; Hirayama et al., 2004; Milte et al., 2015;
Vaisman et al., 2008; Voigt et al., 2001).

In the sub-analysis, hyperactivity-impulsivity out-
comes were more negative, with 14 out of 23 studies
showing no effect of Omega-3 supplementation (As-
sareh et al., 2017; Bélanger 2009; Cornu et al., 2018;
Hirayama et al., 2004; Matsudaira et al., 2015; Milte et
al., 2012; Widenhorn-Miiller et al., 2014; Perera et al.,
2012; Dubnov-Raz et al., 2014; Rodriguez et al., 2019;
Sinn & Bryan, 2007; Vaisman et al., 2008; Salehi et al.,
2016; Crippa et al., 2019). Inattention outcomes were
similar, with 14 studies showing no significant effect
of Omega-3 supplementation (Voigt et al., 2001; Hi-
rayama et al., 2004; Assareh et al., 2007; Johnson et al.,
2009; Manor et al., 2012; Milte et al., 2012; Dubnov-
Raz et al., 2014; Widenhorn-Miiller et al., 2014; Salehi
et al., 2016; Barragén et al., 2017; Crippa et al., 2019;
Mohammadzadeh et al., 2019; Rodriguez et al., 2019;
Carucci et al., 2022). Although some studies suggest
the benefits of Omega-3 in managing ADHD im-
pulsivity /hyperactivity and inattention symptoms,
the evidence remains inconsistent, highlighting the
need for further research to reach clearer conclusions
(Bélanger 2009; Anand & Sachdeva 2016; Barragan et
al., 2017; Bos et al., 2015; Chang et al., 2019; Crippa
et al., 2019; Moghaddam et al., 2017; Gustafsson et
al., 2010; Hariri et al., 2012; Milte et al., 2015; Perera
et al., 2012; Sinn & Bryan, 2007; Stevens et al., 2003;
Vaisman et al., 2008).

Previous systematic reviews, such as those by
Bloch& Qawasmi (2011), Agostoni et al. (2017), and
Chang et al. (2018), reported a small but significant
benefit of Omega-3 supplementation in managing
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ADHD. Bloch & Qawamis’s review included 10 RCTs
with 699 patients and concluded favorable results
for Omega-3, though only two studies within this re-
view showed beneficial effects of omega-3 treatment
(Bloch & Qawasmi 2011). Chang et al.’s 2018 review
also reported a positive effect but acknowledged that
excluding a particular trial led to these conclusions,
which makes the results less reliable (Chang et al.,
2018). On the other hand, Gillies et al.’s 2012 and
2023 reviews found no significant effect of Omega-3
on ADHD symptom management (Gillies et al., 2023;
Gillies et al., 2012). Importantly, all these previous
reviews relied on RCT data, which is consistent with
the studies included in this systematic review.

Comparing these findings to our review, it is ev-
ident that newer studies continue to demonstrate
mixed results. While earlier reviews suggested a
small, potentially beneficial effect, the methodologi-
cal limitations (such as bias and small sample sizes)
present in these earlier trials continue to challenge the
reliability of the evidence. The statistical significance
of the results across the studies varies considerably,
and clinically, even where statistical significance was
achieved, the improvements in ADHD symptoms,
such as inattention or hyperactivity, were often mod-
est and may not represent meaningful changes in
real-world functional outcomes.

In our systematic review, almost half of the in-
cluded studies had a high overall risk of bias (n=14,
42%), primarily due to deficiencies in trial design
and high dropout rates, which are common in RCTs
involving children and adolescents (Barragan et al.,
2017; Behdani et al., 2013; Bos et al., 2015; Chang et
al., 2019; Dubnov-Raz et al., 2014; Moghaddam et al.,
2017; Gustafsson et al., 2010; Hariri et al., 2012; Hi-
rayama et al., 2004; Johnson et al., 2009; Matsudaira
et al., 2015; Rodriguez et al., 2019; Salehi et al., 2016;
Stevens et al., 2003). Therefore, while the previous
reviews highlighted potential benefits, our updated
analysis suggests the evidence remains inconsistent
and unreliable due to persistent methodological is-
sues.

A significant source of heterogeneity between stud-
ies is the variability in interventions. Studies in-
cluded in this review utilized a wide range of inter-
ventions, including combinations of fish oil, placebo,
Omega-3 and Omega-6, or Omega-3 alone. How-
ever, even within this subset, there was substantial
variability in the daily dosages administered, which
ranged from 180 mg to 10 g, with 1 g being a com-
mon dosage selection. Additionally, administration
methods varied, with most studies using fixed daily
dosages while some provided dosages based on the
child’s age or body weight (Assareh et al., 2017; Bar-
ragén et al., 2017; Dashti et al., 2014; Matsudaira et
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al., 2015; Salehi et al., 2016; Cornu et al., 2018). No-
tably, studies that used daily doses ranging from 300
mg to 1 g tended to report positive results, particu-
larly in trials lasting longer than 12 weeks (Anand
& Sachdeva 2016; Barragén et al., 2017; Behdani et
al., 2013; Carucci et al., 2022; Crippa et al., 2019;
Dashti et al., 2014; Moghaddam et al., 2017; Gustafs-
son et al., 2010; Hariri et al., 2012; Hirayama et al,,
2004; Johnson et al., 2009; Matsudaira et al., 2015;
Mohammadzadeh et al., 2019; Raz et al., 2009; Sinn
& Bryan, 2007; Vaisman et al., 2008; Voigt et al., 2001;
Widenhorn-Miiller et al., 2014). However, these incon-
sistencies in dosages prevent the ability to accurately
assess the efficacy of the interventions. Trial duration
also contributed to heterogeneity. Longer trials were
more likely to report positive effects, while shorter-
duration studies frequently yielded negative results.
This suggests that the duration of supplementation
may play a role in its effectiveness in reducing ADHD
symptoms.

Due to the high heterogeneity in study design,
intervention types, dosages, and trial durations, a
clear recommendation regarding the use of Omega-3
for ADHD management cannot be made. The
evidence included in this review suggests little to
no consistent statistical or clinical effect of Omega-3
supplementation on ADHD symptoms. Future
research needs to address these methodological
challenges and better standardize interventions to
determine if there is a definitive role for Omega-3 in
ADHD treatment.

Strengths and limitations

Our review exclusively included peer-reviewed
randomized controlled trials (RCTs), which, along
with the large number of studies and patients ana-
lyzed, strengthens the power and internal validity of
our findings. Additionally, the inclusion of partici-
pants from diverse nationalities enhances the external
validity of the review. By identifying and document-
ing the time duration and dosage of interventions,
we were able to categorize the trials, observe general
patterns, and reduce heterogeneity in the analysis.

The limitations of this review stem from the differ-
ences between the studies in aspects such as dosages,
follow-up periods (ranging from 7 to 48 weeks), and
the age range of the study populations, all of which
may influence the results and limit the external valid-
ity of the findings. Additionally, missing information
across the studies highlights potential sources of bias.
Key data, such as variations in socioeconomic status
and parental educational level, were not reported in
most studies, despite their significant influence on di-
etary habits, healthcare access, and overall well-being,
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as well as awareness and understanding of ADHD.
Furthermore, variables like height and weight, which
are essential in evaluating growth patterns and deter-
mining appropriate dosages in pediatric populations,
were also largely absent from the studies.

Our review includes studies published between
2003 and 2022. A key change during this period
was the introduction of the DSM-V criteria in 2013,
which expanded the diagnostic parameters for
ADHD. Notably, conditions like autism are no longer
exclusionary under the new guidelines, potentially
leading to an increase in ADHD diagnoses. This
broader criterion, along with heightened public
and physician awareness of ADHD, may have
contributed to over- or misdiagnosis in recent
years. These factors, in turn, could lead to greater
heterogeneity in the sample populations, with
patients presenting different neuro-genetic and
environmental characteristics that may account for
varied responses to interventions (Abdelnour et al,,
2022).

Conclusion

This systematic review extends the ongoing research
on the controversial and unresolved topic of Omega-
3 supplementation, either as a standalone treatment
or combined with MPH, Omega-6, and/or vitamin
E, for managing ADHD symptoms in children and
adolescents. Despite the publication of new studies,
it remains difficult to establish a definitive contri-
bution to the field. The limitations outlined in this
review present opportunities for future experimental
trials that address the key shortcomings, such as
implementing stratified randomization, ensuring
proper blinding, and using clinically relevant scales
for outcome measurement.

Abbreviations

AA: Arachidonic acid

ADHD: Attention Deficit-Hyperactivity Disorder
ALA: Alpha linolenic acid

DHA: Docosahexaenoic acid

DPA: Decosapentatoneic acid

EFA: Essential fatty acids

EPA: Eicosapentaenoic acid

FO: Fish oil

GLA: Gamma linolenic acid

LA: Linolenic acid (a precursor of n-6 PUFA)
MPH: Methylphenidate

n-3 PUFA: Omega-3 polyunsaturated fatty acid
n-6 PUFA: Omega-6 polyunsaturated fatty acid
Omega-3 (n-3 PUFA) consists of the following PUFAs:
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ALA, EPA, DHA

Omega-6 (n-6 PUFA) consists of the following PUFAs:
GLA, AA, DPA

PL: Phospholipid

PUFA: Polyunsaturated fatty acids

RCTs: Randomized clinical trials
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