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revalence of Alzheimer’s Disease and other forms of dementia is increasing in accordance with

the increase of life expectancy and the resulting world population aging, while an effective phar-

maceutical treatment is pending. These facts underline the need for development of targeted

interventions that could decrease the incidence of dementia. Dietary supplementation, espe-
cially sources of w-3 fatty acids and polyphenols such as fish oil and blueberries respectively, have been
reported to have a beneficial effect on cognitive functioning. The aim of this review is to summarize the
most recent findings of clinical studies investigating the effect of dietary supplementation on cogni-
tive performance and identify potential effective interventions. For this purpose, PubMed, Scopus and
Google Scholar research was conducted and a total of ten studies met the selection criteria. Four of
these studies investigated the effect of w-3 fatty acid supplementation. Two of these presented signifi-
cant benefits in certain domains of cognitive functions (such as working memory, space imagery effi-
ciency perceptual speed), in full scale 1Q as well as prevention of hippocampal atrophy while the remain-
ing two did not report any improvements. Two more studies investigated the effect of polyphenol sup-
plementation and reported minor benefits in spatial memory as well as enhanced stimulation of certain
brain regions. One study compared the effect of fish oil and blueberry supplementation as well as their
combination and presented cognitive benefits for both fish oil and blueberries but not for their simulta-
neous administration. Finally, three more studies investigated the effect of DW 2009 soybean, ashwagan-
dha and a nutraceutical formulation and reported cognitive benefits in attention, memory and global
cognition respectively for their intervention groups. In total, eight studies investigated interventions on
people with Mild Cognitive Impairment or Subjective Cognitive Impairment and all of them reported
significant cognitive benefits in some cognitive domains. On the contrary, the remaining two studies
included individuals with diagnosed dementia reported minimal to hardly any benefits. Conclusively,
the interventions of the studies reviewed seem promising for individuals at risk of dementia, but not for
those who are already diagnosed with dementia. However, further research is required to validate their
effect as well as determine recommended doses.
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Introduction

Cognitive impairment in the form of Alzheimer’s
Disease (AD) and other types of dementia, is the
main contributor to disability in elderly creating a
great burden for both patients and their caregivers.'?
Mild Cognitive Impairment (MCI) is defined as a con-
dition between dementia and the expected cogni-
tive decline of normal aging.® Subjective Cognitive
Impairment (SCI) is defined as the state of self-experi-
ence of deterioration in cognitive performance which
cannot be detected by objective neuropsychological
tests.” Both these conditions (MCl and SCI) are asso-
ciated with elevated risk of progressing to dementia
later in life. As there is currently no effective pharma-
ceutical treatment, there is an imperative need for
targeted interventions that could decrease the bur-
den of dementia, especially in the stages preceding it,
such as MCl and SCl, as once it is clinically diagnosed
there is little prospect for improvement in AD.?

Dietary interventions have been studied as a
means of preserving cognitive performance in
high-risk individuals. Particularly, w3-fatty acids and
polyphenols are associated in many studies with im-
provement of cognitive function, however they are
not the only dietary interventions that are reported
to benefit cognitive performance. Docosahexaenoic
acid (DHA) and Eicosipentaenoic acid (EPA) are w-3
fatty acids contained in fish oil. DHA is the main com-
ponent of the neuronal cell membranes. As a result,
it takes part in the cell’s ionic exchange and interacts
directly with membrane proteins, thus, regulates
cells” communication. In addition, DHA and EPA, have
been shown in animal models to decrease levels of
AB amyloid, a molecule that plays a key role in AD.%’
What is more, DHA and EPA have been shown to pro-
mote anti-inflammatory molecules (leukotrienes, re-
solvins, neuroprotection D1)® as well as reduce brain
oxidative stress in animal models.’ As a result, they
are believed to have a major role in regulating in-
flammation, another key aspect of the pathogenesis
of AD. All the mechanisms mentioned above, as well
as their proved beneficial effect on cardiovascular
system'® make DHA and EPA a promising interven-
tion for the protection of cognitive function.

Polyphenols, particularly anthocyanins, contained
mostly in blueberries, are also believed to have
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neuroprotective properties.'” Animal models have
shown that blueberry intake may improve age-relat-
ed cognitive decline in various aspects of cognition.
Blueberry supplementation is reported to reduce
markers of inflammation and oxidative stress as well
as upregulate neurogenesis, neuroplasticity and
brain-derived neurotrophic factor.'” Furthermore,
they are reported to benefit cardiovascular health via
their anti-inflammatory properties, thus further ben-
efiting brain tissues by improving their blood perfu-
sion.”>'* As a conclusion, blueberry supplementation
can also be considered a promising dietary interven-
tion for the protection of cognitive functioning.

The aim of this systematic review was to summa-
rize and synthesize data from the latest randomized
trials investigating the effect of dietary interventions
on cognitive functions and the population that is
expected to have the most benefit from these inter-
ventions.

Material and method

Literature selection criteria

The inclusion criteria for this review were the fol-
lowing: The studies had to be randomized placebo
controlled clinical trials, published in English but
with no limitation regarding the country where they
were conducted, published in the past five years.

Outcome measures

The outcomes of interest were all the different do-
mains of cognitive functioning measured by various
neuropsychological tests.

Search strategy

A literature search on PubMed, Scopus and Google
Scholar, was conducted. The search query included
the following terms: "diet”, “dietary supplementa-
tion” "cognitive function”, “cognition”, “cognitive
impairment”. Additional methodological filters were
also used: publication in the past 5 years, studies in
humans only, and clinical trial design. Figure 1 sum-

marizes the search strategy that was followed.

"o

Data extraction

At first, papers were manually checked based on
the Title and Abstract screening and then full text
reading for the final selection decision.
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Figure 1. PRISMA Diagram of search strategy for the
review of intervention trials of dietary supplementation
on cognitive performance.

Quality assessment

Risk of bias for each study was estimated using the
Cochrane Rob 2 tool (table 1).

Findings of the studies

The search query provided 596 results. After Title
and Abstract screening and then full text reading
a total of ten studies met all the criteria mentioned
above. Table 2 summarizes the characteristics of the
studies that were selected

Based on the literature review of the ten studies
that met the inclusion criteria, it seems that certain
nutrients from fish and berries have significant ef-
fects on cognitive function. In particular, Zhang et
al'®> conducted a double blind RCT in order to in-
vestigate the effect of DHA supplementation on
cognitive function and hippocampal volume in 240
community-living individuals, aged over 65, with
MCI. The participants were randomized into two
groups and were administered either a daily dose
of 2 mg of an algal-derived DHA or identical place-
bo. Cognitive outcomes included the Chinese ver-
sion of Wechsler Adult Intelligence Scale Revised

(WAIS-RC) and hippocampal volume measured
via MRI. Age-appropriate norms from the Chinese
standardization were used for the calculation of the
Intelligence Quotient (IQ) and index scores. The re-
sults showed significant benefits for the intervention
group (IG) compared to the control group (CG) in Full
Scale 1Q as well as in some subcategories of WAIS-
RC. Furthermore, total volume of hippocampus in-
creased for IG while it decreased for CG.

In another double-blind randomized trial, Bo et al'®

investigated the effect of n-3 polysaturated fatty ac-
ids (PUFAs) supplementation on cognitive function
in 86 Chinese elders with MCI. The participants were
randomized into two groups and received either a
daily dose of 480 mg DHA and 720 mg of EPA in a
capsule form or isocaloric capsules of placebo (olive
oil) respectively. Cognitive functioning was assessed
with Basic Cognitive Aptitude Tests (BCATs). The re-
sults showed that the intervention group had signifi-
cant improvement in their BCATs’ scores (p<0.001). In
particular, perceptual speed, space imagery efficien-
cy and working memory were significantly improved
(p<0.05).

Eriksdotter et al'’ investigated the effect of a
6-month administration of w-3 fatty acid supplemen-
tation on the cognitive function of 174 patients with
AD in relation to their lipidaemic profiler. Participants
were randomized to receive four capsules daily each
containing either 430 mg of DHA and 150 mg of
EPA or placebo). Cognitive outcomes included Mini
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Mental State Examination (MMSE) and Alzheimer’s
Disease Assessment Scale (ADAS-cog). The results
showed a significant positive association between
changes in plasma DHA levels and ADAS-cog total
scores (p=0.016) No association was found between
changes in plasma fatty acid profile and MMSE score.
In addition, there was no association at baseline be-
tween gender and fatty acid profile or severity of de-
mentia and fatty acid profile.

In a single blind randomized interventional study
Hashimoto et al'® investigated the effect of DHA
intervention on cognitive functioning and men-
tal health of 75 Japanese elderly individuals (aged
over 88) living in care facilities and nursing homes.
Participants were randomized in two groups and re-
ceived 1720 mg dose of DHA or placebo. Cognitive
outcomes included MMSE score and Dementia Scale-
Revised (HDS-R). The results showed no significant
difference in the total scores of the tests. However,
when test subitems were analyzed the mean chang-
es in subitem “Registration” of MMSE at six and
twelve months was significantly higher in the inter-
vention group (p=0.01). Moreover, total MMSE score
was positively correlated with DHA levels (r=0.247,
p=0.031).

Conducting a 24-week randomized, double-blind,
placebo-controlled trial Mcnamara et al'® investigat-
ed the effect of fish oil, blueberry and combined sup-
plementation on cognitive functioning of 94 adults
with SCl, aged 62-80. Participants were randomized
into four groups: FO (fish oil+placebo powder, n=21),
BB (blueberry powder+placebo oil, n=24), FO+BB
(fish oil+ blueberry powder, n=26) and PL (placebo
oil+ placebo powder, n=23). Cognitive outcomes in-
cluded the Dysexecutive Questionnaire (DEX), Trail
Making Test part A and B, Controlled Oral Word
Production procedures to evaluate lexical access un-
der constraint, as well as alternate form of Hopkins
Verbal Learning Test. The results showed that FO
groups (p=0.03) and BB groups (0.05) reported sig-
nificantly fewer cognitive symptoms. In addition, the
BB groups showed improved memory discrimination
(p=0.04).

In a randomized crossover trial that was conducted
by Lamport et al*® the effect of Concord grape juice
(CGJ), a rich source of polyphenols, was investigated
for its effect on cognitive functioning and driving
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performance of 25 British mothers of preteens, aged
40-50. They were randomized into one of two cross-
overs (CGJ then placebo or placebo then CGJ) and
consumed daily 355 mL of CGJ or placebo. The cogni-
tive outcomes included a 45-min cognitive test bat-
tery which comprised 7 subtests. The results showed
a significant improvement in immediate spatial
memory and in driving performance, following the
CGlJ intervention.

In another double-blind, randomized, placebo-
controlled trial Boespflug et al?' investigated the
effect of blueberry supplementation on neural acti-
vation and working memory in 16 individuals with
MCl aged over 68. Participants were randomized into
two groups of eight and received twice daily either
12.5 g of blueberry powder or identical placebo. The
outcome of this study was a working memory task
with a simultaneous record of Blood Oxygen Level-
Dependent (BOLD) signal in fMRI while the partici-
pants performed this test. The results showed no
difference in the performance of the two groups.
However, BOLD signal indicated increased activation
in certain regions during the working memory task
in the blueberry treated group (p<0.01).

In a double-blind, mutli-centre, placebo-controlled
clinical trial, Hwang et al** investigated the effect of
Lactobacillus plantarum C29-fermented soybean
(DW2009), a source of isoflavones, on the cognitive
function of 100 individuals with MCI, aged 55-85.
Participants were randomized to receive either a dai-
ly dose of 800 mg of DW2009 in the form of a capsule
or indistinguishable placebo. Cognitive outcomes
Verbal Learning Test (VLT), Auditory Continuous
Performance Test (ACPT) and Digit Span Test (DST).
The results showed significantly greater improve-
ment in the combined cognitive function for the in-
tervention group compared to placebo, especially in
the attention domain composite score.

Conducting a prospective, randomized, double
blind, placebo-controlled trial, Choudhary et al* in-
vestigated the effect of ashwagandha, a herb used
in the Indian Ayurvedic system, on cognitive func-
tion of 50 adults with MCI. The participants were
randomized into two groups and were administered
twice daily either a dose of 300 mg of ashwagand-
ha root extract or identical placebo. Cognitive out-
comes included tests assessing memory (immediate
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memory, general memory, working memory), visuos-
patial processing and response, executive function,
and attention capabilities. The results showed signif-
icant improvements for the ashwagandha treatment
compared to placebo in immediate and general
memory, executive function as well as in attention
and information processing speed, while they were
inconclusive for the working memory index.

In a randomized clinical trial Remington et al** in-
vestigated the effect of a nutraceutical formulation
(NF) containing folate, alpha-tocopherol, vitamin
B12, S-adenosyl methionine, N-acetyl cysteine and
acetyl-L-carnitine on the cognitive functioning of 34
people with MCI. Participants were randomized to
receive either NF in the form of a tablet or indistin-
guishable placebo. Cognitive function was assessed
with Dementia Rating Scale (DRS) and CLOX-1. The
results showed that participants who received NF
had a significant increase in their DRS results in three
months and maintained this level of improvement
for the duration of the study. After the intervention
period there was and open label extension during
which placebo group switched to NF. In this period
the placebo group presented significant improve-
ment (Cohen’s Effect Size=0.35).

Discussion

Q-3 fatty acids

Four studies investigated the effect of w-3 fatty
acid supplementation on the cognitive functioning
compared to a placebo. The results of these stud-
ies seemed to vary depending on their population.
Specifically, the two studies that included patients
with dementia did not report a substantial improve-
ment of cognitive function compared to their control
groups. On the contrary, the studies that included
patients with MCl reported significant improvements
for their intervention groups compared to their con-
trol groups in their primary outcomes, WAIS-RC and
BCATs respectively. These findings may indicate that
once dementia and especially AD have been diag-
nosed little can be done to reverse their progress.

Polyphenol supplementation

Two studies investigated the effect of polyphenol
supplementation, in the form of concord grape juice
and blueberries, on the cognitive function of healthy
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mothers and patients with MCl respectively. Lamport
et al with a crossover trial, reported significant ben-
efits in certain categories of the battery tests that
were used as primary outcome, as well as in the ad-
ditional driving task, between the intervention and
the control group. Although this study is limited by
its small size (n=24), it makes an interesting implica-
tion that healthy individuals may also benefit by its
intervention. On the other hand, Boespflug et al did
not report any benefit in the performance of the WM
task, however the intervention altered significantly
BOLD signal in fMRI. Although these findings do not
show a beneficial effect on cognitive function, they
suggest that the intervention may increase stimula-
tion of certain brain regions providing some inter-
esting insights in mechanisms that may be further
researched.

Blueberry versus fish oil

One trial investigated the effect of blueberry and
fish oil supplementation as well as their combina-
tion. This study included participants over 62 years
old with SCI. This study reported cognitive benefits
for both the fish oil and the blueberry. Furthermore,
the blueberry group also reported improved memo-
ry discrimination at the end of the intervention pe-
riod. Surprisingly, the combined group, that received
both fish oil and blueberry supplementation, not
only did it not present a higher accumulative effect,
but it actually showed no cognitive benefit. A poten-
tial explanation provided by the researchers, sug-
gests that the reason for this surprising finding lies
in the common molecular path that both w-3 fatty
acids and flavonoids follow. Specifically, both inter-
ventions’ effects are suggested to be mediated by
the transcription factor NF-E-2 related factor 2 (Nrf2).
Although acute activation of Nrf2 is believed to have
an anti-inflammatory effect, prolonged and exces-
sive upregulation may have the opposite effect.

Ashwagandha, DW and NF

Three more studies reported the effect of inter-
ventions that do not belong in the categories of w-3
fatty acids or polyphenols. All these studies included
participants with MCl and based their hypothesis on
previous studies. Ashwagandha is a herb that has
long been used in the Ayurvedic system to improve
cognition. DW2009 is a soybean fermented with C29
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lactobacillus plantarum that has been shown to have
cognitive enhancing and anti-inflammatory proper-
ties in animal models. NF is a nutraceutical formu-
lation containing folate, alpha tocopherol, B12, S-
adenosyl methionine, N-acetylcysteine and acetyl-L-
carnitine, that has been shown to improve cognition
in patients with AD. All these interventions showed
significant cognitive benefits for their intervention
groups. Although their mechanisms are not clarified,
an anti-inflammatory action is common is ground for
them. Moreover, DW2009 is reported to alter gut mi-
crobiota, which could be another potential mecha-
nism given the rising number of studies that report
a link between gut microbiota and various neurode-
generative diseases. Their findings may seem prom-
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ising, however there is still need for further research
and validation as the data supporting their effect in
published literature is far less compared to w-3 fatty
acids and flavonoids.

Conclusions

Q-3 fatty acids and flavonoid rich foods such as
blueberries are consistently reported to have a sig-
nificant protective role in cognitive functioning,
when administered to people at risk but not with a
clinical diagnosis of dementia. In addition, more in-
terventions, such as ashwagandha, DW2009 and NF,
look promising, but there is still need for further re-
search and validation.

Awatpoikéc mapepBacelg Kau vonuikin Aettoupyia:

LuGTNIQTIKI] QVAGKOTINGI KAVIKWV peENETOV

B. lkotlapavng,' A. Mavayiwtdkoc'?

"Turua Emothunc Aiartodoyiac kai Aiatpo@rc, SxoAr Emotnuwv Yyeiac & Aywync,
Xapokomeio Mavemotriuio ABnvwy, Abriva, EAXada,
2yyoArj Emotnudv Yyeiac, Mavemothuio e Kaumépa, Kaumépa, Avotpalia

Wuxiatpikn} 2020, 31:248-256

H emintwon tn¢ vooou Alzheimer kat AAwV Hop@wv dvolag aufAveTal we amoTENECHUA TNG AV-
&€nong Tou mpoodokipou emBiwong Kat TNG EMaKOAoUONG yripavong Tou maykoouiou mAnbucpou,
evw Sev v@ioTatal akOPA KATTOIO ATTOTEAECUATIKA QAPUAKEVTIKN aywyn. Ta mapamdvw avadel-
KVUOULV TNV avAykn yla eVPECN OTOXEVPEVWY TTAPEURACEWY TTOU Ba HImToPoVCAV VA PEIWOOUV TNV
eMMTWON TNG Avolag. Aldgopa SIaTPOPIKA CUPTANPWUATA, Kat EISIKA TTNYEC w-3 AITapWV Kal
moAu@alvolwv Omw¢ To 1xOLéAalo kat Ta blueberries avtiotoixw¢ kataypdeetal mwg epgavifouvv
€vePYETIKA eMidpaon otn vontikA Agttoupyia. O OKOTOC AUTAE TNG AVACKOTNONG Eival va ouvo-
Yioel Ta Mo MPOoPATA EUPAUATA ATTO KAWVIKEG HENETEC TTOU peEAéTNOAV TO amoTéleopa SlaTpo-
PIKWV CUPTANPWHATWY 0T YVWOTIKA A&lToupyia Kat va avadeifel mOavég amoTeEAECUATIKEG TTa-
pepPaoceic. NMa Tov okomod autody, mpaypatomolndnke avalritnon otig Baocelg dedopévwv PubMed,
Scopus, Google Scholar kat emAéxOnkav cuvolikd &éka dpBpa mou MAnpolvoav Ta KpLTHPLaA yia
va oUUTTEPIANPOOUV. TéooEPELC HENETEG Epelvnoav TNV eMidpacn TN xopriynong w-3 Amapwy o-
E€wv. AUO ammd AUTEC TIC MENETEC TTAPOUGIACAV ONUAVTIKA 0QENN O CUYKEKPIUEVOUC TOUEIC TNG
VONTIKAG AglToupyiag (OTTwe N AEITOUPYLKA UVAKN, N XWELKA avTiAnyn Kat n taxutnta avtiAnyng),
01O vonTiké TMNAIKO KaBW¢ Kal otnv MPOANYN TNE ATPOPIAC TOU IMTMTOKAUTIOU, EVW Ol UTTONOLTIEG
SUo bev katéypayav KabBdhou o@éAn. AVo akopa HeENETEG Slepelvnoav Tnv emidpaocn TnG Xopn-
ynong moAu@atvoAwv Kat mapouciacav eENdooova o@EAn 0Tn XwpLkA HvAN Kabwg kat avénuévn
S1EYEPON OUYKEKPIMEVWY EYKEPANIKWV TIEPLOXWV. Mia LENETN OLUVEKPIVE TNV eMidpaon TnG Xopn-
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ynong txBueAaiwv kal blueberries kaBw¢ kat Tou cuVSLAGHOU TOUG KAl TTApoUGiace 0QEAN Kal yla
TI¢ 600 KaTnyopieg Ol OUWC Kal yia Tn ocuvduacuévn Xopriynor Toug. TENOG, TPELG aKOUA MEAETEG
Slepevivnoav tnv emidpaon tng xopriynong ashwagandha, 2009 DW cdylag kabwg kat ptag Sia-
TPOPIKAG GOPUOUNAG KAl AVEPEPAV OPEAN OE TIPOCOXK, UVAKN KAl CUVOAIKN VONTIKA Agltoupyia
AVTIOTOIXWG. ZUVOAIKA, OKTW HENETEG Slepelvnoav mapepPdoelg og MAnBuopoUG pe Hmma Nontikn
Alatapayn i Ymokelpevik Nontikn Alatapayr Kat OAEG TAPOUCIAcav ONUAVTIKA VONTIKA 0QEAN
OUYKPITIKA JE TNV EIKOVIKH Bepameia. AvTiBETWC, ol U0 evaToUEiVAOEC LENETEC TTOU CUUTIEPIENQ-
Bav mAnBucopouc pe Siayvwopévn dvola §gv mapousiacav oNUAVTIKA 0QEAN. ZUUTEPACUATIKA, Ol
TApEPPACEIC TWV PEAETWV TTOU avacKomiOnkayv, gaivovtal eATSoPopEC, yia TANBUCUOUC OUWC
pe auénuévo kivbuvo eppaviong dvolag kat oxt yI' autolg mou gival Adn Sdlayvwopévol Je auTh.
MapoN autd, xpelaleTal TEPAITEPW EPEVVA TIPOKEIUEVOU VA ETTIKUPWOEL TNV OTTOTEAECUATIKOTNTA
Toug Kabwc Kal va kabopioel TI¢ cuVIoTWUEVEG SOCONOYIEC.

Né€eig evpeTnpiov: Alatpoen, dialta, S1ATPOPIKA CUUTANPWHATA, VONTIKN A&lToupyia, véoog
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Alzheimer, dvola.
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