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The brain is a lipid-rich organ where docosahexaenoic acid (DHA) is enriched and where eicosapentaenoic acid (EPA) may have anti-
inflammatory effects. The potential role for n-3 (w-3) fatty acids such as DHA and EPA in the prevention of cognitive decline, including
Alzheimer's disease (AD) has attracted major interest for the past 20 y. This review presents our understanding of recent observational,
interventional, and experimental studies, with the aim of providing some answers to the following question: Can n-3 FA intake modulate

cognitive function during aging? In longitudinal observation studies we mainly observe inverse relations between fish intake or serum

concentrations of DHA and cognitive impairment. Intervention studies of EPA and DHA supplementation in healthy old individuals have been
negative so far (i.e, after up to 2 years of treatment, no differences in cognitive decline between treated and nontreated participants have been
observed). In studies that provided EPA and DHA to adults with mild cognitive impairment or age-related cognitive impairment the data seem to
be positive. However, when patients with established AD were supplemented with EPA and DHA it appears no benefit was gained. For studies
on healthy individuals, a major concern is that the treatment periods may have been too short. There might also be subgroup effects because of

the carriage of apolipoprotein Ee4 alleles or risk factor burden. Experimental studies appear to be consistently positive (i.e, n-3 FA

supplementation in rodents over a substantial portion of their lives reduces amyloid-B8 deposition and hippocampal neuron loss and improves

cognitive functioning). We are getting closer to providing evidence-based recommendations on fish and fish oil intake to facilitate memory
function during old age. In the meantime it is advised to follow the general CDC dietary recommendations of 2-3 fish meals per week or
the equivalent intake of long chain n-3 fatty acids, particularly DHA. Adv. Nutr. 4: 672-676, 2013.

Introduction

The brain is highly enriched in lipids. Thus, it is reasonable
to assume that the composition of fatty acids in the brain has
relevance for brain functions, including cognition and neu-
ropsychiatric development. The content of DHA (22:6n-3)
in the human brain generally increases with age over the first
2 decades and then levels off (1). In 1991 it was reported (2)
that DHA as well as arachidonic acid (ARA”; 20:4n—6) and
its elongation product, adrenic acid (22:4n-6), were all

" Presented at the symposium “Nutritional Prevention of Cognitive Decline” held 25 April
2012 at the American Society of Nutrition Scientific Sessions and Annual Meeting at
Experimental Biology 2012 in San Diego, CA. The symposium was sponsored by the
American Society for Nutrition, Nutrition Epidemiology RIS, and a grant from the Office of
Dietary Supplements at NIH.

2 A summary of the symposium “Nutritional Prevention of Cognitive Decline” was published
in the September 2012 issue of Advances in Nutrition.
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greatly decreased in various phosphoglyceride fractions
[e.g., phosphatidylcholine (PC) and phosphatidylethanola-
mine (PE)] in 4 areas of the brain with Alzheimer’s disease
(AD) and in the frontal cortex (2). Whether such changes
are causal or consequential effects with regard to cognitive
function cannot be determined from observational studies.
However, these observations clearly indicate interesting pos-
sible relations between FAs and cognition and dementia
disorders.

To understand potential effects from FA intake, we need
to rely on the combined evaluation of observational, inter-
ventional, and experimental studies. Epidemiological stud-
ies, whether cross-sectional or longitudinal, may use fish
intake or FA profiles in tissues (e.g., blood or adipose tissue)

7 Abbreviations used: AB, amyloid-B; AD, Alzheimer's disease; ARA, arachidonic acid; GM,
gray matter; MCl, mild cognitive impairment; MMSE, Mini Mental State Examination; PC,
phosphatidylcholine; PE, phosphatidylethanolamine; PS, phosphatidylserine; RCT,
randomized controlled trial; WM, white matter.
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as exposure variables and use cognitive decline or incidence
of dementia or AD as outcome variables. Intervention stud-
ies [i.e., those that provide EPA (20:5n-3) and DHA] could
be done on individuals with various stages of cognitive de-
cline [i.e., cognitively intact, mild cognitive impairment
(MCI)] or in patients with different grades of severity of
AD or dementia. Moreover, the basal concentrations of
EPA and DHA in the bloodstream and brain may vary ac-
cording to geography, fish availability, and other dietary
habits. Finally, experimental studies could be performed
in either animal models or in vitro studies to define specific
EPA and DHA effects.

The objective of this review is to examine some of the
most relevant recent evidence in the light of previous knowl-
edge to try to answer the question of whether we can treat or
prevent cognitive decline with long-chain n—3 FAs, espe-
cially DHA.

Brain Lipid Composition

The potential role of altered FA intake on brain function can
be comprehended by first understanding the lipid composi-
tion of the normal brain. Brain fat content varies with tissue
type. An early report indicated that brain gray matter (GM)
was composed of 36-40% of dry weight as lipid, white mat-
ter (WM) had 49-66%, and myelin had the highest lipid
content at 78-81% (3). Phosphoglycerides comprise 20—
30% of the brain’s dry weight, with the amount increasing
as follows: GM > WM > myelin (3,4). Cholesterol makes
up ~6-8% of the GM’s dry weight, 11-13% of WM, and
19-21% of myelin. Cerebrosides, including ceramide and
cerebroside sulfate, are also major lipids in the brain with
low amounts in GM but greatly increased amounts in
WM and myelin (3). The major brain phosphoglycerides
are PC and PE; secondarily are phosphatidylserine (PS)
and sphingomyelin; and then small amounts of phospha-
tidic acid, phosphatidylglycerol, and lyso-phospholipids are
present (3). Brain lipids are also notable for their small but
important amount of gangliosides.

The brain differs from the blood stream and many pe-
ripheral organs because it contains very low amounts of tri-
glycerides, nonesterified FAs, and cholesterol esters. The
fatty acyl distribution in the brain is also distinct from
that in the blood stream and peripheral organs. The brain
has relatively little linoleic acid (18:2n-6) or a-linolenic
acid (18:3n—3) and more C18 and less C16 saturated FAs
than many peripheral tissues (4,5).

In terms of the n—3 FAs, DHA predominates, with only
docosapentaenoic acid (22:5n-3) contributing as a minor
component. Because only trace amounts of a-linolenic
acid and EPA are present in the brain (4-6), most reports
of brain FA analyses do not even list these components.
DHA is concentrated in the GM, and very small amounts
are found in purified myelin (4-6). Within the GM, the
amino-phospholipids PE and especially PS have very high
concentrations of DHA and PC has a lower concentration
(4-6). The observation that DHA can be 37% of GM PS
(4), coupled with the positional distribution exclusively

within the sn-2 position of the brain phospholipids (7), in-
dicates that >73% of GM PS molecules contain DHA. The
amino-phospholipid DHA is found at a high concentration
across several brain subcellular fractions, including nerve
terminals, microsomes, synaptic vesicles (7), and synapto-
somal plasma membranes (8).

Current Knowledge about the Relation
between AD, DHA, and EPA

Epidemiological evidence. In the past 15 y, >20 large-scale
epidemiological cohorts have been used to investigate the
relation between long-chain n-3 FAs and cognition. The
Rotterdam Study was 1 of the first to publish positive results
on the longitudinal effects of increased fish intake (i.e., >19 g
fish/d), indicating a >50% reduced risk of dementia inci-
dence after 2 y in a group of >5000 healthy participants,
> 55 y of age (9). However, when 6-y follow-up data were
presented from the same cohort, ~4% of the cohort had de-
veloped dementia and this positive relation could no longer
be observed (10). Over the years, a majority of the published
epidemiological studies have displayed an inverse relation
between fish intake and the risk of cognitive decline or AD
(11). For example, the French PAQUID Study observed a
35% reduced risk of AD over 7 y in 1600 older adults
(>68 y) who had at least 1 fish meal/week (12). The
CHAP Study from Chicago reported reduced decline in
global cognition over 6 y in 3700 participants >65 y with
a similar fish intake (13). As an alternative to fish intake,
plasma DHA concentrations may be studied. For example,
in the Framingham Study, decreased plasma DHA concen-
trations were related to subsequent cognitive decline (14).
In a subgroup of 899 participants who were >76 y of age
and not demented, those in the highest quartile of plasma
DHA had half the risk of dementia compared with those
in the lowest quartiles within 9 y of follow-up even after sta-
tistical adjustment for relevant confounders (14).

There are also null studies. In the VA Normative Aging
Study from the Boston area, the relation between fish intake
according to FFQs and various cognitive domains, including
the Mini Mental State Examination (MMSE), was studied in
1025 healthy men with a median age of 68 y (15). No rela-
tion could be demonstrated among quartiles of fish or EPA
and DHA intake for cognition either at baseline or at 3- or
6-y of follow-ups.

In 1 recent study from the Framingham Offspring Study,
Tan et al. (16) reported a positive association between a high
concentration of DHA in red blood cell membranes and vi-
sual memory, abstract skills, and executive function. More-
over, total cerebral brain volume was greater in participants
who had higher concentrations of DHA in red blood cell
membranes compared with those with lower concentrations.

In summary, it is clear that the epidemiological data are
not fully consistent, although the majority of published re-
ports are positive. It is thus important to understand the
limitations of epidemiological observations. On one hand,
there is a clear risk of publication bias, because several neg-
ative observations may never have been published in the
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international literature. On the other hand, the competing
risk of death is a potential peril leading to an underestima-
tion of the protective effects of EPA and DHA. That is, it is
plausible that a low fish intake increases cardiovascular risk
burden and that death occurs before reaching the age at
which one is likely to develop cognitive decline.

Intervention studies. Since the first large-scale randomized
controlled trial (RCT) of EPA and DHA in patients with AD
(i.e., the OmegAD Study), reported in 2006 (17), >10 such
intervention studies of good quality have been published
with cognition as the outcome. Recently, a meta-analysis of
10 RCTs selected for their quality was published (18) (Table
1). Three studies concerned supplementation to healthy old
adults (19-21), 4 were done on individuals with MCI (22—
25), and 3 in patients with AD (17,26,27). Treatment periods
varied from 6 mo to 2 years. The studies used DHA predom-
inantly, with doses of DHA and EPA ranging from 0.3 to 1.7
and 0 to 1.7 g/d, respectively. Positive effects could be con-
cluded for n-3 FA supplementation in participants with
MCI. This conclusion was especially true for the domains of
immediate recall, attention, and speed. Forest plots showed
Hedges’ g values for immediate recall (0.16; 95% CI: 0.01,
0.32) and attention and speed (0.32; 95% CI: 0.03, 0.61).
i.e., in favor of treatment. No effects could be observed in ei-
ther patients with AD or healthy individuals.

The outcome of this meta-analysis (18) is in line with that
of the OmegAD Study (17), in which 204 patients with mild
to moderate AD received either 1.7 g/d DHA or placebo for
6 mo (RCT) and then all patients received 1.7 g/d DHA for 6
mo (open treatment). This treatment did not provide any
benefits when the whole population was evaluated, whereas
the decline rate in cognitive function was reduced by DHA
and EPA supplementation in the subgroup of patients with
very mild AD (i.e., MMSE 27-30). The study by Yurko-Mauro
et al. (24) was also consistent with the OmegAD Study. About
500 adults >55 y of age with age-related cognitive decline

(i.e., MMSE >26) were provided with 900 mg/d algal DHA
for 6 mo. This treatment doubled the DHA plasma concen-
trations and improved cognitive testing to a level that corre-
sponded to a gain of 3.4 y of cognitive age. Quinn et al.
(27) studied 402 patients with AD, but with more severe dis-
ease (i.e., MMSE 14-26), over an 18-mo RCT in which
the active treatment was 2 g algal DHA. Overall, no effects
were found on either cognitive functioning or brain MRIL
However, cognition declined less in the subgroup of patients
(42%) who did not carry apolipoprotein Ee4 alleles. The most
recent RCT with predominantly DHA studied 36 Malayan
participants with MCI (28). After 12 mo of treatment those
given 1.3 ¢ DHA and 0.45 g EPA daily showed greatly im-
proved short-term and working memory, verbal memory,
and delayed recall capability, again indicating patients with
slightly reduced memory functions as the major target
group for DHA treatment.

Two large-scale studies [the Dutch MEMO Study (19)
and the UK OPAL Study (21)] have evaluated the effect of
EPA and DHA supplementation in older healthy individuals.
The Dutch study included 302 participants (>55 y, MMSE
>21) with a median age of 70 y and a mean MMSE of 28.
Six months of EPA and DHA treatment up tol.8 g/d had
no effect; cognitive decline over the short period of time
was equal in the 2 groups (19). The OPAL Study involved
867 participants between 70 and 79 y of age with a mean
MMSE of 29 (21). They were randomly assigned to receive
0.5 g DHA and 0.2 g EPA daily for 24 mo. Although the
treatment period was relatively long for this type of study,
no cognitive changes were observed in any of the groups,
thus, no conclusions could be drawn. Similar conclusions
came from the latest Cochrane review on possible preven-
tion of cognitive decline by n—3 FA in healthy older people
(29)

Several interesting questions emerged from the collective
experience gathered from these intervention studies. First is
that perhaps the duration of the studies has not been long

TABLE 1 Randomized controlled trials of n-3 fatty acid supplementation and cognitive outcome in adults who are healthy and old, with
MCl/memory complaints, and with AD'
Study Sample size Duration Outcome
n wk
Healthy and old
Van de Rest et al. (19) 302 26 Similar cognitive decrease irrespective of treatment
Johnson et al. (20) 49 16 Improved verbal fluency
Dangour et al. (21) 877 108 No cognitive decline in any treatment group
MCI/memory complaints
Kotani et al. (22) 21 13 Improved immediate memory
Vakhapova et al. (23) 157 15 Improved verbal recall
Yurko-Mauro et al. (24) 485 24 Improved immediate and delayed verbal recognition
Sinn et al. (25) 50 27 Improved verbal fluency
AD
Freund-Levi et al. (17) 204 52 No cognitive effects overall; a subgroup with mild AD
displayed slower decline in MMSE
Chiu et al. (26) 35 24 No cognitive effect in AD patients; improved ADAS-Cog
in MCl patients
Quinn et al. (27) 402 81 No effects on change rate in ADAS-Cog

! Reported in Mazereeuw et al. (18). AD, Alzheimer’s disease; ADAS-Cog, Alzheimer's Disease Assessment Scale-cognitive subscale; MCI, mild cognitive impairment; MMSE, Mini

Mental State Examination.
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enough. Second, the DHA dose varied extensively and so far
the basal DHA status has not been taken into account. Third
it is doubtful whether beneficial effects of DHA supplemen-
tation can be observed in individuals who already have suf-
ficient DHA intake and tissue content.

Recent Advances from Experimental Studies
Animal research may indicate that EPA and DHA exposure
in human intervention studies is too short (i.e., 0.5-1.8% of
the participant’s life span). For example, exposure periods
for FA supplementation in rodent studies are often markedly
longer. Recently, an interesting meta-analysis of animal
studies was published (30). The authors used the following
inclusion criteria: I) the treatment period was >10% of total
life span (up to 50%) and 2) results were reported on amy-
loid-B (AB) deposition in the brain, effects on cognitive
function (e.g., using the Morris water maze test), and effects
on hippocampal neuron loss. Fifteen studies were identified;
10 used transgenic AD animal models, and 5 used AB infu-
sion to induce cognitive deterioration. Of great interest were
the clear and consistent findings of reduced AB deposition,
improved cognition, and reduced hippocampal neuron loss
upon EPA and DHA supplementation given from 10% to
50% of the animals’ expected lifetime.

Possible Mechanisms for Potential Positive
Effects of EPA and DHA Treatment

Numerous in vitro, cell culture, and animal studies have
provided several potential mechanisms for the effects on
cognition induced by EPA and DHA supplementation. In
the nervous system, DHA is mainly found in the phospho-
lipids in cell membranes where it modulates the physical en-
vironment (31) and increases the free volume (32) within
the membrane bilayer. A key mechanism is the modulation
of G protein—coupled receptors, the best example of which is
rhodopsin (33) because of its close association with these
membrane receptors (32).

It has recently been demonstrated that DHA accumulates
close to the lipid membrane rafts, thus influencing trans-
membrane transport and cell interaction with the exterior
world (34). DHA can also modulate apoptosis (35), neuro-
nal differentiation (36), and ion channels (37). Through cy-
tosolic and nuclear interaction with various PPARs, both EPA
and DHA have effects on gene expression and thus on transla-
tion and expression of various proteins. One such example is
their influence on SorLA gene and protein expression, a protein
that is involved in AB production (38). More well-known are
the anti-inflammatory effects associated with substituting
EPA and DHA for the n—6 FAs linoleic acid or ARA. Thus,
the profiles of ARA-based prostaglandins and leukotrienes
are shifted toward those based on EPA with their reduced in-
flammatory activity. A more recent discovery is that EPA and
DHA derivatives such as resolvins, maresins, and neuroprotec-
tins are involved in the resolution processes related to inflam-
mation. These newly described lipid mediators actively shut off
inflammatory reactions (39). Relevant for AD is the potential
inhibition of AB generation that has been linked to

neuroprotectin 1, which is a metabolite of DHA. However, lit-
tle is yet understood about the involvement of these mediators
in neurodegenerative disorders such as AD and MCI and their
modification by EPA and DHA supplementation.

Current Status, Clinical Implications, and
Conclusions

In 2010, NIH released “State-of-the Science Conference
Statement: Preventing Alzheimer Disease and Cognitive De-
cline,” (40) which stated the following about nutritional
factors: “The most consistent evidence is available for longer-
chain w-3 fatty acids (often measured as fish consumption),
with several longitudinal studies showing an association with
reduced risk of cognitive decline.” However the final conclu-
sion was that evidence is insufficient to provide recommen-
dations on dietary supplements to prevent cognitive decline,
whereas it was acknowledged that promising research is un-
der way. Since then, several studies and meta-analyses have
been published, some reviewed here. The question that
emerges is, do we now have enough data to make more clear
recommendations?

We may conclude that longitudinal observation studies
on fish intake and DHA plasma concentrations in older
healthy adults are mainly positive when it comes to cognitive
health. Intervention studies on EPA and DHA supplementa-
tion in healthy older individuals are so far null. When EPA
and DHA is given to individuals with MCI or age-related
cognitive impairment the data now appear to be positive.
However, when patients with established AD are supple-
mented with EPA and DHA it appears that no clear benefit
is achieved. A major concern is that the studies in general
have been too short. There might also be subgroup effects
because of the carriage of apolipoprotein Ee4 alleles or risk
factor burden in general not yet clearly identified. Finally, ex-
perimental studies appear to be consistently positive (i.e., EPA
and DHA supplementation in rodents during a substantial
period of their lives reduces AB deposition and hippocampal
neuron loss and improves cognitive functioning).

When future consensus initiatives are undertaken, this
new information will be taken into account. Recent advances
bring us closer to providing the general public with new
evidence-based recommendations on fish and fish oil intake
to facilitate memory function during aging.
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