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Effect of omega-3 fatty acids on cognition: an updated
systematic review of randomized clinical trials

Oscar D. Rangel-Huerta and Angel Gil

Context: The increasing number of studies on the effects of n-3 long-chain polyun-
saturated fatty acids (LC-PUFAs) on health, particularly cognition, in the last 5 years
reflects the growing interest in this area of research. Objective: The aim for this sys-
tematic review was to evaluate the scientific evidence published in the last 5 years
(2012–2017) on the effects of n-3 LC-PUFA intake on cognition, cognitive develop-
ment, and cognitive decline to determine whether n-3 LC-PUFAs support cognitive
development and prevent cognitive decline. Data Sources: The PubMed database
was searched. Study Selection: The 51 articles included in this systematic review
reported on healthy individuals with mild or moderate cognitive impairment and
patients with Alzheimer’s disease. Risk of bias was assessed using Cochrane meth-
odology. Data Extraction: The number of study participants, the type of study, the
type and dose of n-3 LC-PUFAs, and the key results are reported here. Results:
Current evidence indicates that n-3 LC-PUFAs administered during pregnancy or
breastfeeding have no effect on the skills or cognitive development of children in
later stages of development. Evidence regarding the improvement of cognitive func-
tion during childhood and youth or in attention deficit/hyperactivity disorder is
inconclusive. Moreover, it is still unclear if n-3 LC-PUFAs can improve cognitive de-
velopment or prevent cognitive decline in young or older adults.

INTRODUCTION

In recent years, long-chain polyunsaturated fatty acids

(LC-PUFAs) have been the subject of increased re-
search. Known to be the main components of cell mem-

branes, including1 neurons in the brain, they are
involved in energy transformation and the regulation of

information flow between cells.
Omega-3 (n-3) and omega-6 (n-6) LC-PUFAs are

essential for infant and child development because they
participate in several neuronal processes, including the

regulation of membrane fluidity and gene expression.1

The accumulation of docosahexaenoic acid (DHA) in

the brain begins in utero, mainly in the second half of
pregnancy, when growth of gray matter accelerates.2

For instance, the deficiency or imbalance of LC-PUFAs
has been associated with poorer child development

reflected in domains such as language ability, commu-
nication, gross motor and fine motor skills, problem

solving, and personal/social and verbal fluency.3

In 2007, Eilander et al.4 reported a beneficial effect

of maternal n-3 LC-PUFA supplementation during
pregnancy and lactation on the cognitive development

of infants and children. However, there was no reported
benefit for visual development as measured using elec-

trophysiological tests. Furthermore, their work could
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not confirm previous evidence of a beneficial effect of

supplementation given to preterm and term infants and
children older than 2 years of age. Nonetheless,

Campoy et al.6 reported that term infants supplemented
with a daily dose of 100 mg of DHA plus 200 mg of ara-

chidonic acid showed improved visual development. In
2012, the British Journal of Nutrition published a sup-
plemental issue on the role of LC-PUFAs in the preven-

tion and treatment of disease. In particular, the effect of
n-3 fatty acids on cognition was evaluated.5–7 Campoy

et al.6 conducted a systematic review and reported that
supplementation with DHA during pregnancy or lacta-

tion had a beneficial effect on visual acuity outcomes.
However, they noted that evidence from the random-

ized clinical trials (RCTs) included in the review did
not demonstrate a clear and consistent beneficial effect

of LC-PUFA supplementation during pregnancy and
lactation on the growth or neurodevelopment of term

infants.
The responsiveness of the brain, mainly the frontal

lobes, to supplementation with DHA during develop-
mental stages is very sensitive.8 The optimal level of

DHA is of great importance because the frontal lobe
supports diverse functions such as those required for

executive and high-order cognitive activities, and the
prefrontal lobe supports social, emotional, and behav-

ioral development.8 The accumulation of DHA slows
down during infancy, and thus dietary intake of DHA

and eicosapentaenoic acid (EPA), a precursor of DHA,
might help maintain optimal levels in the brain and im-

prove cognitive function during infancy.9

Several studies reported an association between

DHA levels and cognitive performance. For example,
Escolano-Margarit et al.10 reported that higher DHA

levels in cord blood might be related to better neurolog-
ical outcomes at 5.5 years of age. Furthermore, Campoy

et al.11 reported that maternal DHA status at delivery
was associated with a Mental Processing Composite

Score (MPCS) above the 50th percentile in the offspring
at 6.5 years. Nevertheless, none of the authors reported
a significant beneficial effect of LC-PUFA supplementa-

tion. In 2003, Helland et al.12 studied the effect of ma-
ternal n-3 LC-PUFA supplementation during

pregnancy on 4-year-old children. They reported that
supplementation might be beneficial for later mental

development of children, as assessed by the MPSC of
the Kaufman Assessment Battery for Children. Later,

Ryan and Nelson13 found that, in 4-year-old children,
DHA levels in blood are associated with increased

scores on the Peabody Picture Vocabulary Test.
Recently, Brew et al.14 investigated the effect of n-3 LC-

PUFA supplementation during the first 5 years of life
during later academic performance. They found no sig-

nificant results to support the academic enhancement

attributable to the supplementation. Nonetheless, they

observed an association between the n-3 LC-PUFA con-

centration at 8 years of age and academic performance

evaluated from 8 to 14 years of age.14

Evidence from cross-sectional studies in children

in the age range of 7 to 9 years showed an association

between regular intake of n-3 LC-PUFAs and cognitive

health.15,16 For example, Montgomery et al.16 found

that lower DHA concentrations in whole blood were

linked to poorer reading ability and working memory

performance as well as oppositional behavior.

Studies of the effect of n-3 LC-PUFAs in adoles-

cents and young adults are scarce, and therefore the ef-

fect of supplementation is unclear. For instance, it has

been shown that supplementation with n-3 LC-PUFAs

in college-aged individuals had limited beneficial

effects.17,18 On the other hand, data from cross-

sectional studies in healthy postmenopausal women

found an association between a higher n-3 index and

larger total normal brain volume and hippocampal

volume.19

The influence of the administration of n-3 LC-

PUFAs varies across the life span, but it is known to be

amplified during the earlier and the latest periods of

life.20 The research, however, has shown mixed results

in adults and the elderly. For example, after a secondary

analysis of data from the Women’s Health Initiative

Study of Cognitive Aging study,21 which included

women with a cognitive health condition, the authors

reported no significant association between DHA plus

EPA levels in red blood cells and age-related cognitive

decline. Titova et al.22 reported that dietary intake of

EPA plus DHA assessed using a self-report question-

naire might be linked to enhanced cognitive health in

later life, but there was no relationship between dietary

data and brain volume. On the contrary, data from

dementia-free Framingham Study participants23

revealed that lower red blood cell DHA levels are associ-

ated with a smaller brain volume and, interestingly, a

cognitive impairment pattern, even in persons free of

clinical dementia.

Several studies have shown a neuroprotective effect

of n-3 LC-PUFAs and have also observed an association

between high levels of n-3 LC-PUFAs and a lower inci-

dence of some mental illnesses such as depression24 and

of neurodegenerative diseases such as Alzheimer’s dis-

ease (AD).25 For instance, the analysis of retrospective

data from the Alzheimer’s Disease Neuroimaging

Initiative showed that the use of fish oil supplements

was associated with less atrophy of cerebral cortex gray

matter and the hippocampus and better performance

on the Alzheimer’s Disease Assessment Scale–Cognitive

subscale and the Mini-Mental State Examination.26
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Recognition of the importance of DHA in the de-

velopment of the central nervous system has also con-
tributed to increased interest in LC-PUFAs, which have

been correlated with diverse functions such as neuro-
genesis, neurotransmission, and protection against oxi-

dative stress.27 The inclusion of n-3 LC-PUFAs in the
diet seems to have a neuroprotective effect and might

have modulatory effects on the nervous system, both of
which are of keen interest in the aging process.28 A

meta-analysis conducted by Wu et al.29 concluded that a
higher intake of fish was associated with a lower risk of

AD, while data from Raji et al.30 showed that fish con-

sumption was related to brain structural integrity,
mainly in the gray matter in the hippocampus, precu-

neus, posterior cingulate, and orbital cortex. Similarly, a
recent meta-analysis of 21 studies31 reported that fish

products are recommended as dietary sources and are
associated with a lower risk of cognitive impairment.

Indeed, marine-derived DHA was associated with a
lower risk of dementia and AD, though without a linear

dose–response relation. Additionally, Zhang et al.32 in-
dicated that n-3 fatty acids might help to prevent cogni-

tive decline in the elderly, while Gu et al.33 suggested

that increased consumption of LC-PUFAs and
vitamin E–rich foods is associated with better white

matter integrity. In contrast, Forbes et al.34 suggested
that n-3 fatty acids did not affect cognition in nonde-

mented middle-aged and older adults. Likewise,
Dangour et al.5 concluded there was no evidence to sup-

port the routine use of LC-PUFA supplements for the
prevention or amelioration of cognitive decline in later

life.
The increasing number of studies on the effects of

n-3 LC-PUFAs on health, particularly cognition, pub-
lished in the last 5 years reflects the growing interest in

this area of research. Therefore, the aim of this review
was to evaluate the effects of n-3 LC-PUFA intake on

cognitive development and cognitive decline at different

stages of life. For this purpose, a systematic review of
the scientific evidence published during the peroid

2012–2017 was conducted.

METHODS

This systematic review was designed with the aim of
generating an updated review of RCTs conducted to as-

sess the effect of n-3 LC-PUFAs on cognition, including

cognitive performance, following previous work.5–7,35,36

It summarizes evidence of the effect of n-3 LC-PUFAs

over the life span in a single publication. It was devel-
oped according to the PRISMA-P (Preferred Reporting

Items for Systematic Review and Meta-Analysis
Protocols) statement,37 and the PICOS (Population,

Intervention, Comparison, and Outcomes) (Table 1)

criteria were used to define the following research ques-

tion: Do n-3 LC-PUFAs benefit cognitive development

and prevent cognitive decline? Randomized clinical tri-

als that studied the effect of n-3 LC-PUFAs on cognitive

skills, cognitive development, or cognitive impairment

in humans, both healthy and ill, were included.

Prospective, parallel, and crossover designs were consid-

ered. There was no restriction on sample size. Articles,

or at least the abstract, had to be written in English. No

ecological or case–control studies were included.

Inclusion and exclusion criteria

To be considered for inclusion in the systematic review,

studies had to administer dietary supplementation or a

specific diet. Studies that used dietary recommendations

or self-reporting alone were excluded. Studies were also

excluded if a supplement that could potentially con-

found the effects of n-3 LC-PUFAs was administered or

if no ethical approval had been received. Since previous

systematic reviews and meta-analyses have already ex-

amined evidence of the effect of n-3 fatty acids on cog-

nition,5–7 only studies published between January 1,

2012, and June 27, 2017, were included.

Participants

Eligible participants were individuals of all ages, either

healthy or with acute or chronic disease. There were no

restrictions regarding gender, ethnicity, or study setting.

Types of interventions

The n-3 LC-PUFA treatments selected included EPA and

DHA, individually or in combination with each other or

with another pharmacological treatment (or vitamin sup-

plementation), provided the study design allowed the

effects of n-3 LC-PUFAs to be isolated. There were no

restrictions on dosage or dosing regimen.

Primary outcome measures

The following primary outcomes were considered for

inclusion in cognitive studies: evaluation of the

Table 1 PICOS criteria for inclusion of studies
Parameter Inclusion criteria

Population All populations, with no restrictions
for age or sex

Intervention Supplementation with n-3 long-chain
polyunsaturated fatty acids

Comparison Treatment vs control
Outcome Cognitive development and cognitive decline
Setting Randomized controlled trial
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involvement of the senses; learning ability; test of cogni-

tive development; structural alterations in brain white

matter; visual evoked potentials; and the performance of

executive and motor functions.

Literature search

Figure 1 shows the main steps of the literature search.

Studies were identified in the PubMed database by apply-

ing the limit date from January 1, 2012, to June 27, 2017,

using the following medical subject headings (MeSH)

search terms: (“Fatty Acids, omega-3” AND cognitive de-

velopment) AND “Humans”; (“Fatty Acids, omega-3”

AND cognitive impairment) AND “Humans”; (“Fatty

Acids, omega-3” AND brain development) AND

“Humans”; (“Fatty Acids, omega-3” AND cognitive de-

cline) AND “Humans”; (“Mild Cognitive Impairment”

AND “Fatty Acids, omega-3”) AND “Humans”;

(“Cognition” AND “Fatty Acids, omega-3”) AND

“Humans”; (“Learning disorders” AND “Fatty Acids,

omega-3”) AND “Humans”; (“Cognition disorders” AND

“Fatty Acids, omega-3” AND “Humans”).

Study selection

Abstracts of publications yielded by the search were ex-

amined by O.D.R.H., who eliminated all publications

that were obviously ineligible for inclusion.

Data extraction

Two reviewers (O.D.R.H. and Mar�ıa José Soto) input

the data into a database; a third reviewer (A.G.) resolved

any discrepancies.

Figure 1 Flow diagram of the literature search process.
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Assessment of risk of bias

Both authors (A.G. and O.D.R.H.) independently

assessed the risk of bias following the Cochrane

Collaboration’s methodology.38 The Cochrane tool

includes different domains related to randomization

and allocation concealment (selection bias), blinding

(performance and measurement bias), loss to follow-up

and adherence to the intention-to-treat principle (attri-

tion bias), and selective outcome publication (reporting

bias). In addition, other potential sources of bias, such

as private or public funding, were included. Risk of bias

was tabulated for each study and was classified as low,

high, or unclear, as described in Chapter 8 of the

Cochrane Handbook for Systematic Reviews of

Interventions.38

RESULTS

Table 1, Table 2,14,39–58 and Table 317,59–71 list the 51

publications selected for inclusion in the systematic re-

view. The articles are grouped by study population.

Tables 1–3 also show the sample size, the type of study,

the dose of n-3 LC-PUFAs administered, the tests used

to evaluate cognitive condition, and the primary

outcomes.

n-3 LC-PUFA supplementation during pregnancy,
lactation, or early life: association with cognitive
development

Seven of the 51 selected studies reported on n-3 supple-

mentation during pregnancy39–45 (Table 2). All 7 were

performed in healthy pregnant women who were sup-

plemented between weeks 18 and 20 of gestation until

delivery (sample size ranged between 50 and 973). The

doses ranged between 150 and 1100 mg of EPA per day

and between 400 and 2200 mg of DHA per day and

were delivered in fish oil. All RCTs included a placebo.

The studies focused mainly on the follow-up of children

whose mothers had received LC-PUFA supplementa-

tion during pregnancy. Objectives included the assess-

ment of mental and psychomotor development at 6 and

20 months40 and the auditory and visual evoked

responses in the brainstem at 3 and 6 months, respec-

tively.41 In the longer interventions, the primary out-

comes were as follows: evaluation of cognitive function

after follow-up of children for 2 years42 and 5 years,39

study of general conceptual ability at age 4 years,43 and

assessment of the attention networks after 8.5 years of

maternal supplementation.44 Language and motor con-

trol were evaluated in 12-year-old children.45 Finally,

behavior was evaluated in 5-year-old children39 and 12-

year-old children.45 Only Ramakrishnan et al.39

reported a significant improvement in attention using

the Conners’ Kiddie Continuous Performance test after
supplementation of 5-year-old children with DHA at

400 mg/d. Otherwise, there was no significant effect on
other parameters evaluated after supplementation with

EPA or DHA.
Another 5 studies investigated n-3 LC-PUFA sup-

plementation of infants during lactation46–50 (Table 2).

The intervention period began at birth in 4 of the stud-
ies and at 3 months after birth in the fifth study. The in-

tervention period in these studies ranged from 9 weeks
to 9 months, and the study population ranged between

98 and 654. The doses of DHA and EPA ranged from
20 to 300 mg/d and from 32 to 300 mg/d, respectively.

The aims of the studies included the investigation of
long-term cognitive function after 8 years of LC-PUFA

supplementation; the verification of general intellectual
ability; the assessment of neurodevelopment and lan-

guage; and the examination of the cognitive develop-
ment at 12 months after supplementation. None of the

interventions was shown to be effective, although
Henriksen et al.46 reported that the concentration of

DHA in blood could predict IQ.
Nine of the RCTs included were designed to study

the effect of LC-PUFA supplementation through child-
hood or adolescence (Table 2).14,51–57 The population

size in these studies ranged between 59 and 362, with
participants aged between 3 and 13 years. In 4 studies,

the children included were described as healthy. One
study recruited children who were rated as having a low

reading level; in another study, participants were iron
deficient; and in the remaining 3 studies, participants

presented attention-deficit/hyperactivity disorder
(ADHD). The duration of the intervention ranged from

3 to 9 months in 8 RCTs and was 5 years in the other 1.
The reported doses ranged from 32 to 1109 mg/d for

EPA and between 135 and 1032 mg/d for DHA. The
findings were mixed: a 40-week intervention had posi-

tive effects on cognitive development51; in contrast,
supplementation for 4 to 8 months showed no signifi-
cant benefit.52,55,56 Nevertheless, daily supplementation

with at least 210 mg of DHA alone or with 120 mg of
DHA plus 600 mg of EPA (EPA/DHA ratio: 1:5) for

3 months or more might improve the speed of informa-
tion processing52,53 and the reading speed.56

The RCTs that studied n-3 LC-PUFA supplementa-
tion in children with ADHD (Table 2) found no effects

of supplementation compared with placebo. However,
the increased concentration of EPA and DHA in red

blood cells was associated with improved working
memory, reading speed, and behavior.56–58 In the only

long-term intervention, Brew et al.14 studied the cogni-
tive function in 14-year-old adolescents after supple-

mentation with LC-PUFAs during the first 5 years of
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life. The authors found no effects from the administra-

tion of LC-PUFAs, but they reported an association be-

tween plasma n-3 LC-PUFA levels and academic

performance between the ages of 8 and 14 years.

n-3 LC-PUFA supplementation in young people and
adults: association with cognitive development

Table 317,59–63 shows the 6 RCTs that assessed the effect

of n-3 LC-PUFAs on cognitive development in young

adults between 18 and 34 years of age. The intervention

lasted between 1 and 3 months, and all studies included

healthy individuals (n¼ 11–159 participants). The dose

ranged from 159 to 1680 mg/d for EPA and from 137 to

1120 mg/d for DHA. Five studies did not report signifi-

cant effects on cognitive function after n-3 supplemen-

tation.17,59,60,62,63 However, Bauer et al.61 concluded

that an EPA-rich dose (590 mg/d, with a 4:1 ratio of

EPA:DHA) administered for 1 month is adequate to

improve cognitive function as assessed by the Stroop

test. Jackson et al.62 reported that supplementation with

DHA (450 mg/d, with a 5:1 ratio of DHA:EPA) signifi-

cantly increased the cerebral blood flow associated with

various cognitive tasks related to reaction time and vi-

sual information processing, but performance in the

Stroop test was not affected. Finally, Jackson et al.59 and

Giles et al.60 investigated the effect of n-3 LC-PUFAs on

mood and situations of psychosocial stress but found

no significant results.
A further 7 RCTs included healthy adults aged 18 to

75 years (Table 3).64–71 The length of the intervention

ranged from 2 months to 26 weeks, and the daily doses

ranged between 170 and 1740 mg of EPA and between 250

and 1200 mg of DHA. The primary objective in all studies

was to assess cognitive function; improvements in memory

and reaction time were reported after supplementation

with n-3 LC-PUFAs for 6 months65 and improvements in

executive function after 26 weeks.71 Additionally, mood,

sleep, and brain structure were analyzed. Benefits reported

included the association of EPA and DHA in blood with a

reduction in daytime sleepiness66 and the preservation of

both the integrity of the microstructure of white mass and

the volume of gray mass with a dose of 1320 mg of EPA

plus 880 mg of DHA per day for 26 weeks.71

n-3 LC-PUFA supplementation in older adults:
protection against cognitive decline

This review included 17 studies in older or elderly

adults (�50 y) (Table 425,72–87). Seven were conducted

in cognitively healthy or presumptively healthy individ-

uals (1 that included women only and 2 that included

men only),72–78 7 in patients with mild or moderate

cognitive deficit,79–85 and 3 in patients with a probable

or confirmed diagnosis of AD.25,86,87 The studies in

healthy participants (n¼ 27–3073) had an intervention
length ranging between 1 and 40 months, with an EPA

dosage of 100 to 491 mg/d and a DHA dosage of 92 to
964 mg/d. Cognitive function was assessed in all studies.

Various beneficial effects on cognitive function have

been reported with EPAþDHA supplementation above
285 mg/d, mainly enhancements in reaction time, ver-

bal memory, recall of object location, and evoked
potentials.75–77,79 However, in the 2 interventions with

the largest number of participants74,78 and the 1 with
second-longest duration (3 years),72 no improvement in

cognitive function or delay in cognitive decline was

observed.
The duration of the intervention in the 7 studies

conducted in patients with cognitive impairment79–85

ranged from 9 days to 12 months, while the dosage of

EPA ranged from 120 to 1670 mg/d and the dosage of
DHA from 180 to 1550 mg/d. The primary goal in all

interventions was the assessment of cognitive function.

In addition, 3 studies were designed to study brain
structure or hemodynamics.80–82 The administration of

EPA at 480 mg/d plus DHA at 720 mg/d (EPA:DHA ra-
tio, 1:1.5) for 9 days improved cognitive function signif-

icantly, as evaluated using the Basic Cognitive Aptitude
Test.79 Moreover, the consumption of EPA at 1600 mg/

d plus DHA at 800 mg/d (EPA:DHA ratio, 2:1) was as-

sociated with an improvement in certain memory
tasks.80 Köbe et al.82 indicated that the combination of

EPA/DHA intake, aerobic exercise, and cognitive stim-
ulation reduced gray matter atrophy in brain regions as-

sociated with AD. Furthermore, Boespflug et al.80

reported an increase in cortical blood-oxygen-level–de-

pendent activity after 24 weeks in the right posterior

cingulate and left superior frontal regions during mem-
ory loading. This activity was correlated with memory

performance, as evaluated with the 2-back task.
Finally, the duration of intervention in 3 studies

conducted in patients in whom AD was suspected or
confirmed was 4, 6, and 12 months, respectively, with

doses ranging between 600 and 975 mg of EPA per day
and between 625 and 1720 mg of DHA per day (n¼ 34–

174 participants). Cognitive function was assessed at

the end of each intervention. After 4 months, the effect
of supplementation with n-3 LC-PUFAs was limited.86

After 6 months, cognitive function was maintained
(with a dose richer in DHA),25 and after 12 months, the

progression of functional impairment had been delayed

(with a dose richer in EPA).87

Assessment of risk of bias

All articles were assessed for risk of bias. They were

classified into 3 age groups: children, adults, and older
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individuals with cognitive impairment or AD. The pro-

cess for evaluating and determining the risk of bias for
each article is shown in Figure S1 in the Supporting

Information online. Figures S2A, S2B, and S2C in the
Supporting Information online show the distribution of

the risk of bias according to each category and domain
specified by the Cochrane Collaboration tool. With re-

gard to studies conducted in children (see Figure S2A
in the Supporting Information online), the categories

related to random sequence generation, blinding of par-
ticipants, and outcomes showed a low risk of bias.

However, allocation concealment was unclear in 38% of

the studies. The domain associated with attrition bias
presented 28% of unclear or high risk of bias.

Evaluation of the studies that included adults and older
adults (Figure S2B and S2C in the Supporting

Information online) revealed that random sequence
generation and allocation concealment were unclear in

a high percentage of studies (>25% in the former and
>50% in the latter), owing mainly to vague reporting.

Furthemore, the assessment of attrition bias (25% of
studies had unclear or high risk) in studies conducted

in older individuals suggests a potential for high risk of

bias.
In addition, authors of 45 of the 51 included studies

either declared a collaboration with private companies
to develop the research or disclosed that at least 1 au-

thor had a relationship with the funding source.
Nevertheless, the majority of the authors declared inde-

pendence with regard to the design, development, and
publication of the studies.

DISCUSSION

Although n-3 LC-PUFA intake during pregnancy and
lactation has been reported to benefit the development

of visual acuity and verbal learning in infants,6 current
evidence indicates that n-3 LC-PUFA intake by preg-

nant or breastfeeding women does not influence the
cognitive skills or development of children. This is

reflected in the results of the RCTs conducted during
the last 5 years, which are consistent with a 2012 review

by Gould et al.,88 who reported that previous findings
were insufficient to demonstrate the benefit of LC-

PUFA supplementation during pregnancy for the future
cognitive development of children.

Taken together, studies in children or infants

showed mixed results. While studies of n-3 LC-PUFA
supplementation for more than 40 weeks demonstrated

positive results, studies with interventions of 4 to
8 months reported limited improvement.52,55,56

Interestingly, 2 studies agreed that n-3 LC-PUFA sup-
plementation with at least 100 mg/d for more than

3 months improved the speed of information
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processing,52,53 and 1 study reported an enhancement

in working memory.56 Portillo-Reyes et al.53 and
Parletta et al.51 concurred that children aged 6 to

12 years who lived in unfavorable conditions (such as
poverty, malnutrition, and low education) showed an

enhanced response to n-3 LC-PUFA supplementation.
The findings of the present review are in accordance
with those of Eilander et al.4 and reflect the lack of evi-

dence to support a benefit of LC-PUFA supplementa-
tion on cognition in children in aged 2 to 7 years. In

fact, few authors have reported findings for this age
group over the last 5 years. Moreover, as noted by

Weiser et al.,8 there is considerable inconsistency be-
tween studies. Hence, the evidence is inconclusive,

which indicates the need for more RCTs focused on
children, particularly those aged 4 to 7 years. If studies

were designed to assess cognitive functions indepen-
dently, it might be possible to isolate the effect of LC-

PUFAs on specific tasks. In addition, it might be useful
to investigate the effect of n-3 LC-PUFAs in children in

hostile environments who do not consume optimal
amounts of LC-PUFAs. Thus, increasing the availability

of DHA might affect all cognitive functions. Moreover,
it is necessary to set new standards for baseline concen-

trations of DHA in order to increase comparability of
results from different interventions.

The administration of n-3 LC-PUFAs seems to have
a null effect on cognitive development as the primary

outcome in children with ADHD, as indicated by reviews
of long-term interventions. In a recently published meta-

analysis89 that included some of the studies reviewed
here, the authors concluded that there is scarce evidence

to support an effect of n-3 LC-PUFAs on cognitive per-
formance. Additionally, Sinn et al.85 found no evidence

to support a possible benefit of n-3 LC-PUFAs in
patients with ADHD. Although recent studies addressed

the limitations of previous trials, mainly by increasing
both the length of the intervention and the doses,56,58

there is still a lack of evidence to support the role of n-3
LC-PUFAs in cognitive development. Nevertheless, it
seems that n-3 LC-PUFA consumption may be associ-

ated with behavior improvement, but additional studies
with larger populations are needed.57,58 Altogether, these

findings indicate the need for further RCTs to strengthen
the existing evidence in children and adolescents.

Only a few publications included healthy young
adults, and results were weak and inconsistent. On one

hand, 4 of the included studies17,59,60,63 found no effects
associated with the consumption of LC-PUFAs, even

though doses exceeded the daily recommendation. On
the other hand, the 2 studies that reported an enhance-

ment in cognitive function had fewer participants.61,62

In their 2014 review of 15 articles, Jiao et al.90 con-

cluded that n-3 LC-PUFA supplementation does not

promote improvement in memory, executive function,

or processing speed. In the current review, several
authors of RCTs conducted in cognitively healthy adults

agreed that supplementation with n-3 LC-PUFAs had a
limited effect on cognitive function.65–70 Nonetheless,

supplementation with LC-PUFAs at more than 1.2 mg/d
for at least 5 months might enhance executive function
and reaction time65,71; clearly, further studies are re-

quired to confirm this. Overall, however, there is limited
evidence to support the effect of n-3 LC-PUFAs on cog-

nitive function in young people and adults.
Studies in older, cognitively healthy adults showed

that interventions longer than 1 month and daily doses
greater than 92 mg of EPA and 50 mg of DHA appear to

be effective in enhancing cognitive function. However,
in order to validate the effects reported thus far, more

studies with greater numbers of participants are needed.
In contrast, the evidence from studies in older adults

has shown that n-3 LC-PUFAs seem to be ineffective in
influencing cognitive function.90 Likewise, the results

included in this review are not robust enough to sup-
port a recommendation of n-3 LC-PUFA supplementa-

tion to prevent cognitive impairment or decline. In fact,
the recent 3-year RCT from Andrieu et al.72 shows that

PUFA supplementation is ineffective in preventing cog-
nitive decline. Evidence from previous reviews and

meta-analyses also has shown no apparent beneficial
effects. For instance, Sydenham et al.,91 Forbes et al.,34

and Wu et al.29 all concluded that n-3 LC-PUFAs do
not prevent cognitive impairment; however, Zhang et

al.32 reported that n-3 LC-PUFAs may help prevent
cognitive decline in older adults. Likewise, the meta-

analysis by Zhang et al.,31 which included data from 21
cohorts, demonstrated that 1 serving of fish per week

was associated with a lower risk of dementia. In support
of this finding,31 a DHA increment of 0.1 g/d in the diet

was associated with a decreased risk of dementia and
AD. They also observed a curvilinear relationship be-

tween fish consumption and the risk of AD and be-
tween n-3 LC-PUFA intake and mild cognitive decline.
Intake of LC-PUFAs from a marine source was associ-

ated with a lower risk of dementia and AD; interest-
ingly, there seems to be a dose–response relationship.

The present report includes 3 RCTs conducted in
AD patients, and the response appears to be associated

with the length of the intervention. In fact, while a 4-
month intervention showed limited results,86 a 6-month

intervention showed maintenance of cognitive func-
tion25 and a 12-month intervention showed a delay in

the progression of functional impairment.87 DHA is a
precursor of neuroprotectins, the molecules that modu-

late the activity of glial cells and may help to limit the
accumulation of protein b-amyloid in the brain.92 More

studies of longer duration and more robust design are
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needed to investigate cognitive decline in healthy adults

and in adults with neurodegenerative diseases.
Furthermore, it is important to develop meta-analyses

with more clearly defined and homogeneous criteria to
enable objective comparisons.

Authors of 2 previous reviews were unable to com-
pare outcomes because it was impossible to pool the
results of multiple studies in a single analysis.93,94 Such

is the case when specific types of memory are assessed,
because it is difficult to define which tests measure each

type of memory.93 The findings of the present review
show that it is remains challenging to compare results

between different interventions because of the diverse
tests use to assess cognitive function and, in some cases,

to pinpoint the overall cognitive performance.
Otherwise, as suggested by Cheatham et al.,94 it might

be interesting to evaluate cognitive functions indepen-
dently, since different interventions may have different

effects on cognitive outcomes.
It seems that many of the tests chosen to assess cog-

nitive development may not be sensitive to dietary
changes. Therefore, it is important to consider that cog-

nitive development is associated with the maturation of
specific brain regions that are related to the develop-

ment of different specific cognitive functions, and thus
the administration of LC-PUFAs might affect some

areas of cognition, but not others. Jackson et al.81 devel-
oped noteworthy research. They designed their study

and chose tasks on the basis of previous evidence show-
ing activation of the prefrontal cortex when cerebral he-

modynamics were assessed by near-infrared
spectroscopy. The assessment included 4 repetitions of

the Cognitive Demand Battery, which comprises 2
mathematical tasks and 1 questionnaire to evaluate

mental fatigue, although the authors noted that these
tasks might not be sensitive to changes in n-3 LC-PUFA

intake in healthy older adults.
Another tool, the Bayley Scales of Infant

Development (BSID), is a globally standardized mea-
sure of development, but it was developed for the as-
sessment of neurodevelopmental delays or disorders;

hence, it might not be appropriate for evaluating the ef-
fect of dietary interventions on healthy individuals. The

use of the BSID may take into account the target popu-
lation, mainly because this tool was based on the study

of European and US populations. Therefore, the BSID
needs to be standardized for the population being stud-

ied in order to avoid possible bias related to different
socioeconomic or geographic conditions.

Other alternatives such as the MacArthur
Communicative Development Inventory or the Child

Behavior Checklist are cost effective and highly vali-
dated tools for the assessment of specific tasks of cogni-

tive functions. The MacArthur Communicative

Development Inventory and the Child Behavior

Checklist are instruments designed to assess behavioral
development, vocabulary growth, and parental percep-

tion of a child’s mental health. Researchers administer-
ing these tests should recognize that these tools have

been shown to be influenced by the test taker’s knowl-
edge of the group assignment in dietary interventions
and the family background.49

It is unlikely that specific effects of dietary manipu-
lations can be detected when assessing overall cognitive

function. For example, when designing studies in older
people, the age ranges must be narrow enough so that

similar ranges of healthy and undiagnosed nonhealthy
individuals can be examined together. In addition, the

inclusion criteria must be strict and objective; ideally,
they should include a previous genetic screening, since

certain genetic factors (ie, the APOE gene) might con-
found the potential effect of supplementation. Hence,

potential confounding factors must be considered when
selecting the tests to measure cognitive function. For in-

stance, instruments such as the Stroop test or the A-
not-B task have been shown to be age sensitive and pos-

sibly not challenging enough for certain age groups.42,95

The Stroop test assesses the ability of the individual to

resist to verbal interference, which is a measure of selec-
tive attention.

Similarly, the widely used Hopkins Verbal
Learning Test (HVLT) is not standardized for use in

children, and thus results must be adjusted by age.
Baumgartner et al.55 reported that the heterogeneity of

HVLT results when comparing different time points
might be related to the different set of words used at

each time point. Nevertheless, the HVLT has been
shown to be reliable in screening for mild dementia and

as an adjunct in the clinical assessment of older peo-
ple.96 In fact, a comparison between the HVLT and the

Mini-Mental State Examination for detecting patients
with mild dementia revealed better sensitivity of the for-

mer and better specificity of the latter.96 Moreover,
Phillips et al.86 concluded that the use of the Brief
Assessment Schedule Depression Cards is inappropriate

for assessing mood in individuals with AD because such
patients lack awareness. Neither is the Bristol’s

Activities of Daily Living Scale the right tool to detect a
change in cognitive function in persons with cognitive

impairment but no dementia. The authors suggest the
use of the AD Cooperative Study Scale for Activities of

Daily Living in Mild Cognitive Impairment might pro-
vide more relevant data for the analysis of more com-

plex everyday tasks.86

Numerous systematic reviews and meta-analyses

over the past 5 years have studied n-3 supplementation
in cognition and cognitive development.89,90,93,97 Some

authors, however, reported a number of limitations, in
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some cases related to study design, such as insufficient

statistical power, small sample size, and the inclusion of
broad age ranges.90,97 In the present review, it was

found that several authors of more recent studies
addressed key methodological issues, such as increasing

the intervention duration, the population, and the n-3
dose (above 1.5 mg/d). In addition, as mentioned above,
some researchers focused on studying specific cognitive

outcomes independently (such as attention, processing
speed, or problem-solving).14,25,44,49,51,52,70,83

Others41,76,77 included the use of electrophysiological
tests, which may provide a more objective approach

than traditional and more subjective tests such as the
BSID. Clearly, future studies should consider using in-

dependent tests when trying to isolate the specific
effects of LC-PUFAs on different cognitive processes.

For instance, as reported here, LC-PUFAs are involved
in increasing the speed with which information is ac-

quired52,53; this might improve synaptic efficiency or
transmission speed or enhance the function of

N-methyl-aspartate channels.94

The use of improved technologies such as func-

tional magnetic resonance imaging (fMRI), for instance,
also might provide new insights. The use of fMRI has

been reported in a study of the brain’s response to taste,
aroma, and flavor perceptions98 and a study of the early

stages of AD.99 Functional MRI has been shown to be
an excellent tool to assess network dysfunction; there-

fore, it might be useful as a complementary technique
to study the cerebral response to dietary manipulations.

The present review notes that researchers who are
developing studies in certain populations, such as older

adults or patients with AD, are starting to use similar
tools to evaluate cognitive enhancement or decline, thus

permitting the comparison of results between interven-
tions. And, while there is still a broad range of

approaches used to assess effects in infants and adoles-
cents, researchers seem to be focusing on those aims

that seem promising, for instance, the effect of n-3 sup-
plementation on information processing speed.

Other authors are designing studies in which n-3

LC-PUFAs are included in the daily diet through the in-
take of fish products. This approach should provide

data to better understand both the impact of an entire
diet on cognitive function and the interactions between

different dietary components and n-3 LC-PUFAs.
Finally, another limitation noted in previous

reviews was related to RCT methodology, such as the
vague descriptions of allocation concealment and blind-

ing methods, which can be a potential source of bias.
Thus, risk of bias in this review was assessed using the

Cochrane tool designed for this purpose, and allocation
concealment was found to be unclear in a high percent-

age of the studies included. Hence, it is not possible to

determine whether the process of allocation and blind-

ing was done incorrectly due to a lack of report rather

than the use of an incorrect method. Another potential

source of bias detected in the studies in children is re-

lated to incomplete outcome data: several studies are

follow-up interventions in which the reported results

correspond to secondary analyses. Thus, the initial

power calculation might not be applicable because of

dropouts from these secondary analyses. This must be

taken into account when designing new follow-up stud-

ies. Reports for elderly individuals tend to be unclear,

and thus the description and reporting in most of the

domains need to be improved to ensure the findings are

valid.

CONCLUSION

Supplementation with n-3 LC-PUFAs during preg-

nancy, lactation, or the early years of life does not ap-

pear to provide benefits to cognitive development

beyond those previously described for visual acuity and

language outcomes in infants. Evidence of the effects of

supplementation with LC-PUFAs during childhood and

youth on cognitive function appears inconclusive, but

more RCTs with a larger number of participants are

needed. Furthermore, the study of supplementation in

children under unfavorable conditions, such as mal-

nourishment, might be a promising path for future re-

search. In addition, it is unclear whether the

administration of n-3 LC-PUFAs can improve cognitive

development or prevent cognitive decline in young or

older adults. Indeed, longer and better-designed studies

with lower risk of bias are needed in adults, elderly indi-

viduals, and AD patients to investigate the potentially

beneficial effects of n-3 fatty acids on cognition.
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for her help in reviewing the articles included in the

review.

Author contributions. O.D.R.H. and A.G. planned the

literature search, designed the analysis, reviewed the

articles, and devised the results presentation. O.D.R.H.

was involved in the analyses of the articles and wrote

the introduction, methodology, results, and discussion

of the manuscript. O.D.R.H. and A.G. wrote the conclu-

sion section. Both authors discussed and revised all

drafts and approved the final manuscript.

Funding/support. No external funds supported this

work.

Nutrition ReviewsVR Vol. 76(1):1–20 17

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/article/76/1/1/4732611 by guest on 01 August 2021



Declaration of interest. The authors have no relevant

interests to declare.

Supporting Information

The following Supporting Information is available

through the online version of this article at the publish-

er’s website.

Appendix 1 PRISMA guidelines checklist

Figure S1 Risk of bias summary: review author’s

judgements about each risk of bias item for each in-

cluded study

Figure S2 (a) Risk of bias graph: review author’s

judgement about each risk of bias item presented as

percentages across the studies in children (b) Risk of

bias graph: review author’s judgement about each

risk of bias item presented as percentages across the

studies in adults (c) Risk of bias graph: review

author’s judgement about each risk of bias item pre-

sented as percentages across the studies in older

subjects

REFERENCES

1. Innis SM. Fatty acids and early human development. Early Hum Dev.
2007;83:761–766.

2. Koletzko B, Lien E, Agostoni C. The roles of long-chain polyunsaturated fatty acids
in pregnancy, lactation and infancy: review of current knowledge and consensus
recommendations. J Perinat Med. 2008;36:5–14.

3. Bernard JY, De Agostini M, Forhan A, et al. The dietary n6:n3 fatty acid ratio during
pregnancy is inversely associated with child neurodevelopment in the EDEN
mother-child cohort. J Nutr. 2013;143:1481–1488.

4. Eilander A, Hundscheid DC, Osendarp SJ, et al. Effects of n-3 long-chain polyunsatu-
rated fatty acid supplementation on visual and cognitive development throughout
childhood: A review of human studies. Prostaglandins Leukot Essent Fatty Acids.
2007;76:189–203.

5. Dangour AD, Andreeva VA, Sydenham E, et al. Omega 3 fatty acids and cognitive
health in older people. Br J Nutr. 2012;107(suppl 2):S152–S158.

6. Campoy C, Escolano-Margarit MV, Anjos T, et al. Omega 3 fatty acids on child
growth, visual acuity and neurodevelopment. Br J Nutr.
2012;107(suppl 2):S85–S106.

7. Larque E, Gil-Sanchez A, Prieto-Sanchez MT, et al. Omega 3 fatty acids, gestation
and pregnancy outcomes. Br J Nutr. 2012;107(suppl 2):S77–S84.

8. Weiser MJ, Butt CM, Mohajeri MH. Docosahexaenoic acid and cognition throughout
the lifespan. Nutrients. 2016;8:1–40.

9. Carver JD, Benford VJ, Han B, et al. The relationship between age and the fatty acid
composition of cerebral cortex and erythrocytes in human subjects. Brain Res Bull.
2001;56:79–85.

10. Escolano-Margarit MV, Ramos R, Beyer J, et al. Prenatal DHA status and neurologi-
cal outcome in children at age 5.5 years are positively associated. J Nutr.
2011;141:1216–1223.

11. Campoy C, Escolano-Margarit MV, Ramos R, et al. Effects of prenatal fish-oil and 5-
methyltetrahydrofolate supplementation on cognitive development of children at
6.5 y of age. Am J Clin Nutr. 2011;94(6 suppl):1880S–1888S.

12. Helland IB, Smith L, Saarem K, et al. Maternal supplementation with very-long-
chain n-3 fatty acids during pregnancy and lactation augments children’s IQ at
4 years of age. Pediatrics. 2003;111:e39–e44.

13. Ryan AS, Nelson EB. Assessing the effect of docosahexaenoic acid on cognitive
functions in healthy, preschool children: a randomized, placebo-controlled, dou-
ble-blind study. Clin Pediatr (Phila). 2008;47:355–362.

14. Brew B, Toelle B, Webb K, et al. Omega-3 supplementation during the first 5 years
of life and later academic performance: a randomised controlled trial. Eur J Clin
Nutr. 2015;69:419–424.

15. Baym CL, Khan NA, Monti JM, et al. Dietary lipids are differentially associated with
hippocampal-dependent relational memory in prepubescent children. Am J Clin
Nutr. 2014;99:1026–1033.

16. Montgomery P, Burton JR, Sewell RP, et al. Low blood long chain omega-3 fatty
acids in UK children are associated with poor cognitive performance and behavior:

a cross-sectional analysis from the DOLAB study [published correction appears in
PLoS One. 2013;8. doi:10.1371/annotation/26c6b13f-b83a-4a3f-978a-
c09d8ccf1ae2]. PLoS One. 2013;8:e66697.

17. Karr JE, Grindstaff TR, Alexander JE. Omega-3 polyunsaturated fatty acids and cog-
nition in a college-aged population. Exp Clin Psychopharmacol. 2012;20:236–242.

18. Fontani G, Corradeschi F, Felici A, et al. Cognitive and physiological effects of
omega-3 polyunsaturated fatty acid supplementation in healthy subjects. Eur J
Clin Invest. 2005;35:691–699.

19. Pottala JV, Yaffe K, Robinson JG, et al. Higher RBC þ EPA DHA corresponds with
larger total brain and hippocampal volumes: WHIMS-MRI study. Neurology
2014;82:435–442.

20. Karr JE, Alexander JE, Winningham RG. Omega-3 polyunsaturated fatty acids and
cognition throughout the lifespan: a review. Nutr Neurosci. 2011;14:216–225.

21. Ammann EM, Pottala JV, Harris WS, et al. x-3 fatty acids and domain-specific cog-
nitive aging: secondary analyses of data from WHISCA. Neurology
2013;81:1484–1491.
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