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Abstract
Purpose of Review This review summarises previous literature and recent findings on omega-3 fatty acids in cognition and
inflammation in humans, comparing the effects of dietary omega-3 with supplemental omega-3.
Recent Findings Whilst some omega-3 studies, both dietary and supplementation, show positive benefits of omega-3s in cog-
nition, particularly memory function, and supplementation studies show reduction in markers of inflammation, including IL-6
and TNF-α, some studies also show no clear benefits on cognition and inflammation, particularly in healthy populations. Most
consistency in beneficial cognition outcomes has been in populations with MCI.
Summary Many clinical trials have investigated omega-3 supplements and cognition outcomes in healthy populations across the
lifespan; however, omega-3 dietary interventions are limited to studies in children and adolescents. Future studies should
compare the effects of dietary omega-3 with omega-3 supplementation before further conclusions can be drawn.
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Introduction

In an ageing population research focus on the longevity of our
cognitive function, including an understanding of the dysfunc-
tions associated with cognition, such as mild cognitive impair-
ment (MCI) and Alzheimer’s disease (AD), has emerged.
Additionally, maximising cognitive performance is of interest
in modern society. For these reasons, nutritional science has
begun to explore dietary approaches which provide improved
cognition performance and increased duration of cognitive
function, as well as approaches that may treat dysfunctions
such as MCI and AD.

A number of cognitive domains are included in the term
‘cognition’, and these domains cover aspects such as our abil-
ity to focus attention, to recall information, to think abstractly,
and to be aware of relationships, amongst other cognitive do-
mains [1]. It has been shown that as we age, a decline occurs
within some of these cognitive domains, evident already from
45 years onwards [2], with prevalence of MCI reportedly be-
tween 16 and 20% in majority of studies on people over
60 years of age [3]. It has been suggested that the association
between age and cognitive decline may be due to an increased
state of inflammation which occurs with the ageing process.

Whilst inflammation is often protective and involved in
healing processes, prolonged inflammation can also be dam-
aging to tissues and initiate the release of reactive oxygen
species (ROS), further inciting oxidative damage and a chron-
ic pro-inflammatory response [1]. Furthermore, a review of
the evidence reveals inflammatorymarkers, frequently includ-
ing C-reactive protein (CRP) and interleukin-6 (IL-6), to have
a role in cognitive decline [4]. Additionally, evidence suggests
a link between increased inflammation in diseased states and
cognitive decline, including in chronic kidney disease patients
[4] and in obesity [5].

Evidence reported on the link between inflammation and
cognition suggests a possibility for anti-inflammatory agents
as potentially therapeutic with omega-3 fatty acids previously
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shown to exert anti-inflammatory effects [6]. The typical
western diet has been seen to increasingly contain more of
foods high in omega-6s rather than omega-3s, with studies
showing higher concentrations of linolenic acid (LA) in sub-
cutaneous adipose tissue over time [7]. Additionally, evidence
suggests that a higher omega-6 to omega-3 ratio is associated
with an increased risk of AD [8]. As LA leads to increased
arachidonic acid and hence pro-inflammatory effects, a higher
consumption of anti-inflammatory omega-3s may help reduce
risks of inflammation [9].

Sources of Omega-3 Fatty Acids

Omega-3 fatty acids are essential fatty acids (EFAs), which
cannot be synthesised in sufficient amounts by the human
body and, hence, are an essential part of our diet. Omega-3s
are polyunsaturated fatty acids (PUFA), as they are comprised
of two or more double bonds. Omega-3 fatty acids include
alpha-linolenic acid (ALA), which is found in canola oils
and margarines, linseed oils, certain nuts such as walnuts,
and legumes, and in small amounts in leafy vegetables [10].
Omega-3 fatty acids also include a group of long-chain (LC)
fatty acids, eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA), and docosapentaenoic acid (DPA), mostly found
in oily fish such as mackerel, herrings, sardines, salmon, tuna
[10], trout, sea brass, and sea bream [11] amongst other
seafoods. Hence, omega-3 supplements used in the food in-
dustry are obtained predominantly from fish [12].

Role of Omega-3 Fatty Acids in Cognition and
Inflammation

DHA is also the most abundant omega-3 fatty acid membrane
lipid in the human brain [13], and plays an important role in
some fundamental membrane properties including conforma-
tional flexibility, which are associated with cognitive process-
es [14]. This influence of DHA on conformational flexibility
is due to the high number of double bonds within the structure
of DHA. Changes in fatty acid composition of membranes can
thus have an impact on brain functioning and such alterations
have been shown to be associated with several neurodegener-
ative diseases, such as AD, motor system–mediated
Parkinson’s disease, and major depression [15].

Dietary Omega-3 or Supplementation?

Whilst it is evident there is a role for omega-3s in cognition
and inflammation, there is also the consideration of the source
of omega-3s. Studies have investigated the effect of omega-3s
obtained through dietary sources, such as fish, and also
investigated omega-3s taken in supplementation form.
Therefore, a point to consider is whether dietary sources or

supplementation of omega-3s is superior or of equal benefit in
cognition and inflammation outcomes.

Prior Literature on Dietary or Supplementation of
Omega-3 Fatty Acids

A number of intervention studies have investigated the effects
of omega-3 supplementation and cognition, leading to several
recent systematic literature reviews (SLRs) investigating over-
all outcomes of individual studies on omega-3s in cognitive
decline [16, 17] and omega-3s on cognition [18••]. Very few
intervention studies have investigated dietary sources of ome-
ga-3s, namely fish, and the effects on cognition, leading to two
recent SLRs of prospective cohort studies on the association
between high fish consumption and cognitive decline [19, 20]
and no SLRs on dietary intervention studies. A brief overview
of the findings of these SLRs in the field is given below.

Findings from SLRs on Omega-3 Supplementation
and Cognition Studies

An SLR by Alex et al. [16••] reporting on 25 studies conduct-
ed with omega-3 supplementation in adults free of dementia,
with or without MCI, reported that overall, there was no effect
on global cognitive function; however, memory function
showed a small benefit. A similar review by Marti Del
Moral and Fortique [17••] reporting on 14 omega-3 supple-
mentation studies in aged/elderly adults, with or without MCI,
and with no previous fish oil supplementation, reported an
improvement in at least one domain of cognitive function
(e.g. working memory, executive function, verbal memory,
short-term memory, perceptual speed) in 10 out of the 14
studies included in the review. The authors stated that supple-
mentation may have positive effects on cognitive function and
that evidence suggests the possibility for omega-3 use as pre-
ventative or therapeutic treatment in older adults. Rangel-
Huerta and Gil [18••] deemed it unclear whether omega-3
supplementation can improve cognitive development or inhib-
it cognitive decline in either young or older adults after
reviewing 51 articles in healthy individuals with mild or mod-
erate MCI and AD. Overall, difficulty in comparing studies
utilising a range of different cognitive tests was reported by
the authors. However, authors highlighted a possibility that
duration may have impacted outcomes, stating that limited
effects of intervention on cognition in patients with AD was
shown after 4 months, maintained cognitive function after
6 months, and delayed progression of functional impairment
after 12 months of intervention.

These three SLRs suggest some evidence for a possible
role for omega-3 supplementation in cognition, but high-
light some potential factors involved in positive out-
comes, such as age of participants, duration of interven-
tion, and cognitive measures used to assess outcomes.
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However, there is still insufficient consistency in the ev-
idence for an effect of omega-3 supplementation on cog-
nitive outcomes based on these reviews.

Findings from SLRs on Dietary Sources of Omega-3
and Cognition Studies

An SLR and meta-analyses conducted by Zhang et al. [19••]
to investigate findings from 21 cohort studies on fish con-
sumption and risk of dementia showed that 1 serve of fish
per week lowered the risk of dementia and that an increase
of 0.1 g/day of DHA in the diet was associated with decreased
risk of dementia and AD. The authors also reported a curvi-
linear relationship between omega-3 intake from marine
source and mild cognitive decline. Another SLR of epidemi-
ological studies on dietary intake of fish and cognition was
conducted by Zeng et al. [20••], reporting on nine prospective
studies on older adults. When authors compared the highest
and lowest cohorts of fish consumption, higher intake of fish
was shown to reduce the relative risk of dementia of the
Alzheimer’s type (DAT) by 20%. Furthermore, that a 100-g/
week increase in fish intake reduced the risk of DAT by an
additional 12% in dose-response analyses. However, when
analysing cohorts with MCI, the results were non-significant.

Whilst both Zhang et al. [19••] and Zeng et al. [20••] report
a positive relationship between fish intake and cognition in
populations with AD or dementia, only findings from Zhang
et al. [19••] show a relationship in populations with MCI.

Comparison of Omega-3 Sources and Cognition
Outcomes

The literature review findings above suggest omega-3s from
dietary sources and supplementation both show some evi-
dence of an effect on cognition; however, both diet and sup-
plementation studies show some conflicting results.
Additionally, a review on data from 2015 to 2016 compared
fish studies and omega-3 supplementation studies on cogni-
tive decline, dementia, and AD in older adults using observa-
tional data from prospective cohort studies [21]. Overall, the
author concluded that older adults with either memory com-
plaints or MCI, and possibly some subgroups with AD, may
have cognitive benefits from either fish intake or omega-3
supplementation. One other study, comparing a 100-g serving
of fish (estimated to provide 150–200 mg DHA) per weekday
to school children (aged 9–10 years) for 12 weeks compared
with DHA supplement (403 mg/day DHA), showed a signif-
icant difference in improvement only in the trail making test,
representative of cognitive improvements, with the DHA sup-
plement being more effective than fish intake [22]. However,
the dose of DHA in the fish treatment group was less than half
the DHA dose in the supplement group.

A limitation of the reviewed literature to date is the absence
of data on omega-3 dietary intervention studies in adults, forc-
ing comparisons to be made between clinical interventions
with omega-3 supplementations and observational omega-3
dietary studies. Whilst several SLRs exist in the field of
omega-3s and cognition, the current review aims to include
data from dietary and supplementation clinical trial studies to
make a comparison of cognition outcomes. Additionally, it
aims to give an overview of inflammatory marker outcomes
reported within these studies and to evaluate whether a link
between cognition changes and inflammation is evident in the
current literature. This review will identify any gaps in the
knowledge and provide insight into further studies required
on this topic.

Search Strategy and Selection Criteria

For an update of the literature given in the current review,
PubMed was searched using the following search terms to
explore the literature on omega-3 and cognition: “omega 3
OR fish OR DHA OR EPA AND cogni*”. Original clinical
trial articles and systematic literature reviews published in
English over the last 10 years, from 2010 to 2020 with last
search dated February 25, 2020, were evaluated for relevant
publications; reference lists of prior SLRs were also searched
for any additional studies. Studies on healthy adults and
healthy teenagers were included; also, studies on adults with
subjective cognitive impairment (SCI) or MCI were included.
Studies on infants, children 12 years and under, pregnant or
lactating women, patients with AD, or dementia were not
included.

Search Results

The search resulted in 297 articles which were screened for
inclusion or exclusion. After refining the outcomes based on
the selection criteria described above, 30 articles were includ-
ed in the current review. These consisted of 29 studies on
omega-3 supplementation intervention and one dietary
omega-3 intervention. The remainder of the dietary studies
on fish and cognition retrieved were prospective cohort stud-
ies, which were not eligible for inclusion as this review
focusses on the clinical trial data available for both treatment
groups, dietary and supplementation. Table 1 below outlines
the clinical trial evidence on both dietary and supplementation
forms of omega-3 and cognition outcomes and provides any
findings on markers of inflammation reported within these
trials. Studies have been categorised in Table 1 by participant
populations, including healthy study populations (20 studies,
3253 participants), participants with SCI (four studies, 1863
participants), and participants with MCI (five studies, 897
participants).
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Omega-3 Dietary Sources Versus Supplementation in
Cognition Outcomes

Whilst only one dietary omega-3 study [29•] was suitable for
inclusion in the review of recent findings, results showed im-
provements in processing speed in the fatty fish treatment
group, compared with meat meals and supplements groups.
Dose of DHA and EPA in the fish and supplement groups
were approximately 259 mg/day DHA and 150 mg/day EPA
versus 315 mg/day DHA and 474 mg/day EPA, respectively.
In comparison, the remaining studies used omega-3 in supple-
mentation form and were conducted in adults. Of the 19 sup-
plementation studies in the healthy population [23–28, 30, 31,
33, 34] nine studies (accounting for 827 participants of the
2827) showed some positive effects of omega-3 supplemen-
tation on cognition [23, 28, 31, 35–38, 41, 44]. Of the four
studies in participants with SCI [45–48], two studies (account-
ing for 97 participants of the 1863) showed positive cognition
effects of supplementation [46, 48]. All five studies conducted
in participants with predetermined MCI (897 participants)
showed positive cognition outcomes [49–53]. The cognitive
domain most frequently reported to have improved outcomes
across all participant population categories was memory func-
tion (including working memory, immediate verbal memory,
delayed recall response time of memory, recall of object loca-
tions, loneliness-related verbal episodic memory).

Outcomes in Healthy Participants

In the nine supplementation studies conducted in healthy par-
ticipants which reported beneficial effects of omega-3 on cog-
nition, duration was as short as 35 days [28] and as long as
26 weeks [35, 44]. Duration did not appear to be the main
influencer of outcome, with other trials running as long as
18 months [26] and 24 months [25] and no significant effects
reported on cognition. Overall, the average dose appeared to
be higher for DHA and for EPA within studies with positive
effects (showing an average dose of 712.2 mg/day DHA and
1102.8 mg/day EPA compared with an average dose of
510.5 mg/dayDHA and 489.8 mg/day EPA in the studies with
no effects). Outcomes reported most often across studies with
positive effects were evident in memory-based tests and also
included improvement in reasoning, information processing
accuracy and efficiency, executive function, rated confusion,
and improved verbal fluency.

Outcomes in Participants with SCI

In the two studies in participants with SCI, both dose and
duration appeared to be of importance. Studies showing ben-
efit [46, 48] were of similar DHA doses but higher EPA doses
(both 800 mg/day DHA, 1600 mg/day EPA) than the other
two studies (800/896 mg/day DHA and 128/225 mg/day

EPA), but of equivalent duration (6 months) to one [47] and
longer by 3 months to another [45]. Improvements were re-
ported in memory-related testing [46] and in tasks of the
dysexecutive test [48].

Outcomes in Participants with MCI

In the five studies on participants with MCI, duration was of
either 6 months [49, 51, 52] or 12 months [50, 53] and dosage
included 900–2000 mg/day DHA alone [52, 53], 160 mg/day
DHA plus 1670 mg/day EPA [51], 1550 mg/day DHA plus
400 mg/day EPA [51], 480 mg/day DHA plus 720 mg/day
EPA [49•], and 1300 mg/day DHA plus 0.45 mg/day EPA
[50]. Amongst the five studies with positive outcomes, mem-
ory was reportedly improved within three of these studies [49,
50, 52]. Improvements were also reported in the full-scale
intelligence quotient, total basic cognitive aptitude, perceptual
speed, space imagery efficiency, learning, and verbal fluency.

Omega-3 and Inflammation in Cognition Studies

Several markers of inflammation were assessed within the
included omega-3 studies on cognition. These included
interleukins (IL); IL-1b [28], IL-6 [32, 44, 49], IL-10
[49•], tumour necrosis factor-alpha (TNF-α) [32, 38, 44,
49], homocysteine [26], and high-sensitivity C-reactive
protein (hs-CRP) [26, 36, 44]. All studies were based on
supplementation forms of omega-3 fatty acids only, and
included six studies in healthy adults and one study in
adults with MCI. None of the studies in adults with SCI
reported on inflammatory markers.

Of the inflammatory markers reported on in these stud-
ies, no beneficial effects of omega-3 supplementation
were reported for IL-1b [28], IL-10 [49•], homocysteine
[26], and hs-CRP [26, 36, 44]. Beneficial effects were
reported for all three studies on the inflammatory markers
IL-6 [32, 44, 49], with studies ranging in duration from 4
to 6 months and with the lowest and highest cumulative
dose of omega-3s (DHA plus EPA) ranging from
1216.5 mg/day to 2433 mg/day (174 mg/day DHA plus
104.2 mg/day EPA and 348 mg/day DHA and 2085 mg/
day EPA, respectively). Beneficial effects were reported
in three [32, 44, 49] of the four studies on TNF-α, with
the one study which showed no change in TNF-α having
a duration of 5 weeks and dose of 1050 mg/day DHA plus
1500 mg/day EPA [38], whilst the other studies had du-
ration and dose as given above for IL-6. Both the inter-
vention and placebo group showed reductions in IL-6 and
TNF-α in one study; hence, there was no significant dif-
ference in comparison with the control, despite the reduc-
tions in inflammatory markers [44].
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Studies with Reduced Markers of Inflammation and
Improved Cognitive Outcomes

Of the seven studies reporting on inflammatory markers, three
studies reported positive inflammatory outcomes in response
to omega-3 supplementation; of these three studies, two were
in healthy populations which showed improvements in cogni-
tion [32, 44] and one was in a population with MCI reporting
improvements in cognition [49•]. Of the studies which had no
positive outcomes in inflammatory markers [26, 28, 36, 38],
only one showed cognitive benefits [26]; two showed benefits
in cognition but not inflammatory markers, but did not inves-
tigate either IL-6 or TNF-α [28, 36]; and one showed im-
provement in cognition but no improvement in TNF-α [38];
however, this study was for a shorter duration of 5 weeks.

Summary of Omega-3 Studies and Outcomes for
Cognition and Markers of Inflammation

Overall, in all studies with positive effects on cognition
from omega-3 supplementation, memory function appeared
to be the most frequently reported benefit, also most con-
sistent beneficial outcomes were found in participants with
MCI. Overall, in studies with a positive impact on markers
of inflammation from omega-3 supplementation, IL-6 and
TNF-α appeared to be the most frequently reported inflam-
matory markers and were mostly associated with positive
outcomes in cognition in healthy populations and those
with MCI.

Additional Considerations

Although the present review aims to compare cognition
and inflammatory outcomes of omega-3 dietary and sup-
plementation studies, other considerations should be ad-
dressed between these two types of interventions.
Additional health benefits can be found when diet is
the source of omega-3 intervention, these include dis-
placement of less healthful options, increased protein
intake, and other benefits of micronutrients found in
fish beyond omega-3s, i.e. iron and vitamin B12.
Alternatively, additional benefits of using supplements
as the source of omega-3s include the ability to control
for contaminants (such as heavy metals found in fish
like mercury), ease of prescription, improved dose con-
trol and compliance, and hence the greater number of
RCTs investigating supplements.

Numerous clinical trials conducted across different
phases of the lifespan for omega-3 supplementation stud-
ies on cognition were identified in the current review;
however, the search yielded zero clinical trials in healthy
adults or adults with SCI/ MCI and only one trial in
healthy adolescents where the intervention was dietary

omega-3s with cognition as an outcome. Aside from a
handful of intervention studies in children and adoles-
cents showing mixed outcomes, there is insufficient data
on dietary omega-3 interventions in adults and cognition
outcomes, hence creating difficulty in making adequate
conclusions on the topic. More omega-3 dietary interven-
tion clinical trials measuring cognition outcomes in
healthy adults, with or without MCI, should be conduct-
ed. Comparison studies between omega-3 supplementa-
tion and dietary intervention are also required in these
populations.

Conclusion

Together, previous SLRs, meta-analyses, and data report-
ed from recent clinical trials highlight a potential for
omega-3s, both dietary and supplemental, in cognition
outcomes in healthy populations, and in patients with
SCI or MCI. The present review also indicates a possible
relationship between changes in the inflammatory
markers IL-6 and TNF-α and successful cognition out-
comes. However, there continues to be inconsistency in
cognition outcomes in omega-3 clinical trials. Important
considerations for future studies should include dose, du-
ration, and population and also measure inflammatory
markers, particularly IL-6 and TNF-α, as possible indi-
cators for improved cognition outcomes. Additional fac-
tors influencing outcomes may also include pre-
intervention intake of omega-3s, through diet or supple-
mentation. Also, omega-6 intake during the intervention
period should be reported, as higher ratios of omega-6 to
omega-3 may increase inflammation and negate benefi-
cial effects of omega-3 interventions. Furthermore, a fo-
cus on the importance of which cognitive tests are se-
lected to measure cognition outcomes may lead to more
consistent findings.

Whilst some omega-3 supplementation studies show
beneficial effects on cognition and observational studies
show positive associations between fish consumption and
cognition, overall, there is inconsistency in findings on the
effect of omega-3 fatty acids (dietary or supplemental) on
cognition. With a growing body of work in this field and
considerations taken from SLRs, more studies comparing
the effects of dietary omega-3s and omega-3 supplementa-
tion are required to determine differences in inflammatory
and cognition outcomes. Also, studies providing a compar-
ison of the two omega-3 interventions on the relationship
between inflammatory markers, such as IL-6 and TNF-α,
in cognition outcomes, particularly memory domains,
would provide further clarity on the role of inflammation
in cognition outcomes.
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