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Dietary interventions and cognition
of Alzheimer’s disease patients
A systematic review of randomized controlled trial

Sophia Camargos Moreira' ™, Ann Kristine Jansen' ™, Flavia Moraes Silva?

ABSTRACT. It is estimated that by 2030 there will be 82 million people in the world with dementia. Objective: To evaluate the
effect of dietary interventions on the cognitive performance of individuals with Alzheimer’s disease (AD). Methods: A systematic
review of randomized controlled trials (RCT) was conducted in the Scopus, PubMed, and Cochrane databases. Results: Thirty-two
RCT were included. Omega-3 fatty acid showed positive effects at different doses. Fortasyn Connect seemed to be effective in
the early stages of the disease. Probiotic, Ginseng, Inositol and specialized nutritional formulas seemed to have a positive effect
on cognition. Most of the primary studies presented poor methodological quality, included patients with mild AD, small samples,
and did not obtain significative results for all the cognitive outcomes. Conclusions: The effect of most dietary interventions on
cognition in AD patients remains inconclusive, however, several nutrients, isolated or not, show potential to improve cognitive
function in AD, especially in its early stages.
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INTERVEN(}ﬁES DIETETICAS E COGNI(}Z\O EM PORTADORES DE DOENGA DE ALZHEIMER: UMA REVISAO SISTEMATICA DE ENSAIOS
CLINICOS RANDOMIZADOS

RESUMO. Estima-se que até 2030 havera 82 milhdes de pessoas no mundo com deméncia. Objetivo: Avaliar o efeito de
intervengdes dietéticas no desempenho cognitivo de individuos com DA. Métodos: Foi realizada uma revisao sistematica de
ensaios clinicos randomizados (ECR) nas bases de dados Scopus, PubMed e Cochrane. Resultados: Trinta e dois ECRs foram
incluidos. Acidos graxos dmega-3 apresentaram efeitos positivos em diferentes doses. O Fortasyn Connect mostrou-se efetivo
em estagios iniciais. Probicticos, Ginseng, Inositol e formulas nutricionais especializadas também demonstraram efeito positivo
sobre a cognigdo. A maioria dos estudos primarios apresentou baixa qualidade metodoldgica, incluiu pacientes com DA leve
e amostras pequenas e ndo obteve resultados significativos para todos os desfechos cognitivos. Conclusdes: O efeito da
maioria das intervencdes dietéticas em pacientes com DA permanece inconclusivo; entretanto, varios nutrientes, isolados ou
n&o, apresentam potencial para melhorar a fungéo cognitiva na DA, principalmente em seu estagio inicial.

Palavras-chave: doenga de Alzheimer, dieta, nutrientes, suplementos nutricionais, cognigao.

INTRODUCTION

data on AD are still restricted to the most
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It is estimated that by 2030 there will be 82
million people in the world with dementia.
Most of these cases occur in middle- and
low-income countries that currently hold
66% of all people with the disease.! Alzhei-
mer’s disease (AD) is the leading cause of
dementia, representing 50 to 70% of de-
mentia diagnoses in the population over 65
years of age.?® In Brazil, the epidemiological

developed regions of the country, where the
prevalence of dementia in the elderly ranges
from 7.1 to 12.9%, being AD the responsible
for 55.1-59.8% of cases.**

Categorized as a progressive neurodegen-
erative disorder, AD has as its main physical
and anatomopathological marker the ab-
normal accumulation of B-amyloid peptide
(AP) in senile plaques (SP) and hyperphos-
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phorylated tau protein (TP) in neurofibrillary tangles
(NFT), resulting in diffuse cerebral atrophy in areas of
the hippocampus and frontal, parietal and temporal
cortex.>%® The development of the disease includes a
long preclinical period, with amyloid pathology being
present 15 to 20 years before the onset of cognitive
decline symptoms.?%° Risk factors for AD include ad-
vanced age, presence of Apoliprotein E4 allele genes,
family history of AD and brain injury. Increasing evi-
dence also suggests that lifestyle-related modifiable risk
factors such as inadequate diet, physical and intellectual
inactivity, diabetes, obesity, depression, smoking, and
low education have an important role in AD due to their
relationship with mechanisms involving inflammation,
oxidative stress, and mitochondrial dysfunction.®”

To date, the therapeutic resources available for AD
are limited to symptom management and cannot pre-
vent cognitive decline and disease progression. Thus,
there is a growing interest in strategies that can inter-
vene in their pathophysiological mechanisms, targeting
modifiable risk factors for the disease.®®'*?In the field
of AD prevention, scientific evidence on the role of diet
is more robust. Prospective cohort studies with the
Mediterranean Diet (MeDi), Dietary Approach to Stop
Hypertension (DASH), and Mediterranean-DASH Diet
Intervention for Neurodegenerative Delay (MIND) in
healthy subjects demonstrated a lower incidence of AD,*®
lower rates of cognitive decline,’*'” cerebral atrophy*®
and A deposition'?in the highest adherence scores to
these diets. In two other studies, both MeDi and folate
and vitamin B6 consumption were inversely associated
with disease incidence.**

In the field of intervention, folate, B6 vitamin and
other nutrients and dietary components have been
studied for their neuroprotective properties and po-
tential positive effect on cognition. Positive results
in cognitive performance have been found in experi-
mental studies and clinical trials using omega-3 fatty
acids,?111%?2 alpha-lipoic acid,®'**? polyphenols,'*?>23
Q10 coenzyme,®™*? vitamin supplements,®2?2%3 ge-
lenium,?and phytochemicals.®'*1%?22% However, several
questions are still present regarding the reproducibility
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of the results found in animal models and the effective-
ness of such interventions in individuals with AD in the
various stages of the disease.

Therefore, considering the potential relationship
between diet, cognition and AD, the present system-
atic review aimed to evaluate the existing evidence in
controlled randomized controlled trials for the use of
specific dietary interventions in the management of
cognitive decline in AD patients.

METHODS

It was a systematic review of randomized controlled tri-
als conducted according to the protocol proposed by the
Cochrane Collaboration® and structured as proposed by
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyzes (PRISMA).%

Literature search strategy

The search for randomized controlled trials (RCT) was
conducted in the PubMed, Cochrane Central Register
of Controlled Trials, and Scopus databases, in Septem-
ber 2016, using a combination of the Medical Subject
Heading (MeSH) terms related to the factor under study
(dietary interventions in Patients with AD), outcome
(cognitive performance), and design (randomized con-
trolled trials) (Table 1). Additionally, manual searches
were performed in the reference list of studies relevant
to this review.

Selection of eligible studies

The studies identified in the search in the three data-
bases were stored in the reference organizer program
Endnote Web, after deleting duplicates. Two reviewers
(AKJ and SHCM) independently assessed the titles
and abstracts and the discrepancies were resolved by a
third reviewer (FMS). After the selection of potentially
eligible articles, a reviewer (SHCM) read the full texts
for confirmation of inclusion in this systematic review
and collected the data from a standardized form.

Table 1. Pubmed search strategy.

Descriptions of search terms used

((((diet[Title/Abstract]) OR Dietary therapy[Title/Abstract]) OR Food habits[Title/Abstract]) OR Food formulations[Title/Abstract]) OR
Food formulations[Title/Abstract]))) AND ((((Randomized Controlled Trials as Topic/) OR randomized controlled trial/) OR Random
Allocation/) OR Double Blind Method/) OR Single Blind Method/) OR clinical trial/) OR clinical trial, phase i.pt) OR clinical trial,
phase ii.pt) OR clinical trial, phase iii.pt) OR clinical trial, phase iv.pt) OR controlled clinical trial.pt) OR randomized controlled trial.
pt) OR multicenter study.pt) OR clinical trial.pt) OR exp Clinical Trials as topic/))))) AND Alzheimer disease[Title/Abstract]
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The following criteria were considered eligible for
the two stages of study selection:

+ Arandomized clinical trial design.

+ Including participants with a prior diagnosis of
AD.

+ Having assessed cognition as primary or second-
ary endpoint.

+ Having had interventions such as diet or food or
specific supplement.

Studies that included participants with different
types of dementia and did not present stratified results
for AD were excluded, as were those whose presented
open-label phase results from an included study and
whose full text could not be accessed. Only studies
whose manuscript were published in English were
selected.

Data extraction and methodological
quality assessment of eligible studies

The data extracted from the articles were:

+ Authorship.

+ Date of publication.

+  Country where the study was conducted.

+  Study design.

+  Method of randomization.

+ Blinding of participants, researchers, and evalu-
ators.

+ Sample size and proportion of subjects complet-
ing the study.

+ Inclusion and exclusion criteria.

+ Criteria used to diagnose ad.

+  Mean age of participants.

+ Proportion of male subjects.

+ Dietary intervention protocol.

+ Cognitive outcomes analyzed.

+  Main results.

To evaluate the methodological quality, the criteria
proposed by Cochrane were evaluated from the six
domains: randomization method, allocation conceal-
ment, blinding scheme (participants, professionals, and
outcome assessors), intention-to-treat analysis (ITT),
follow-up losses and selection of outcomes.*

RESULTS

From the search in the three databases, 5,000 articles
were identified, after duplicate exclusion. Additionally,
nine articles considered relevant to the study were
included. Thirty-two studies met the eligibility criteria
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and were included in this review. The study flowchart
is presented in Figure 1.

General characteristics of studies

The overall characteristics of the selected studies are
presented in Table 2. The majority were conducted in the
United States (41.0%) and in European countries (34.0%).
The sample size ranged from 12 to 613 individuals per test
with a follow-up period of 25 weeks in men, ranging from
three weeks to thirty months. The mean age of participants
ranged from 66.1 to 84.8 years and in seven studies (22%),
more than half of the sample consisted of men.

Of the 32 RCT included, one (3%) had a cross-over
design,®” 26 (87%)?72931-47:50515357 were placebo-con-
trolled, five (16%)262830.484% ysed a conventional
control treatment, and one (3%)>* compared dietary
intervention with pharmacological treatment. Regard-
ing the blinding scheme, 26 (81%) trials were dou-
ble_blind’27,29,31742, 44-47,50-57 four (13%) were open,28,30,48,49
and two (6%) were single blind.?63

In most trials (59%), the diagnosis of AD was based
on the criteria of the National Institute of Neurologi-
cal and Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) and the Diagnostic and Statistical
Manual of Mental Disorders (DSM-III and DSM-1IV). In
one study,*® the International Working Group/National
Institute of Aging-Alzheimer’s Association (IWG/NIA-
AA) criteria were used for the diagnosis of prodromal
Alzheimer’s.

The intervention period in the studies ranged from
three weeks to three and a half years. For the assess-
ment of cognitive performance, different instruments
were used, being the Mini-Mental State Examination
(MMSE), Alzheimer’s Disease Assessment Scale-Cogni-
tive Subscale (ADAS-cog), and Clinical Dementia Rating
Scale — Sum of Boxes (CDR-SOB) the most frequent
tests adopted.

Effect of dietary interventions on the cognition of patients
with Alzheimer’s disease

The effect of different dietary interventions on the
cognition of AD patients evaluated by the studies is pre-
sented in Table 2, grouped by the type of intervention.
Dietary interventions were grouped as oral nutritional
formulations, fatty acids (alone or in combination with
other nutrients), micronutrients (alone or in combina-
tion with other nutrients), ginseng, phytochemicals,
coconut oil, probiotics, and inositol. Details of the
effects of each intervention are detailed below.
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.§ Records identified through Additional records identified
g database searching through other sources
5:2 (n=5,518 ) (n=9)
-
_J v y
. Records after duplicates removed
(n=5,000)
g
'E Records excluded:
g Do not meet the criteria
0 Records screened R (n=4,933)
(n=5,000) "|  Abstract and text could
- not be obtained for
appraisal (n=1)
2 Records excluded:
3 Do not assess the outcome
» Full-text articles assessed (n=19)
“ for eligibility Sample composed of other
(n=166) types of dementia without
- stratification of the results or
results with other dementias in
) the placebo group (n =6)
Different publications with the
- Studies included in the population of a clinical trial
5 review already included (n = 3)
% (n=32) Intervention with herbal
E medicine (n=1)
Prospective observational
design (n=1)
— Text in German (n=1)
Text in Chinese (n =1)
Description of previous studies
(n=1)
Article not found (n =1)

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Figure 1. Prisma flow diagram.

Oral nutritional formulations

Eight parallel RCT?$*? evaluated the effect of intervention
with ONF on the cognitive performance of patients with
AD. Sample sizes ranged from 37 to 528 subjects, most of
whom had mild cognitive decline (MMSE>15 at baseline).
Supplements tested included either liquid or semi-solid
formulations, offered one to three times a day.

There was heterogeneity among the studies regard-
ing the macro and micronutrient composition of the
supplements, trial design, intervention duration (21
days to 24 months), and cognitive outcomes evaluated.

Three RCT tested the same supplement. In these,
the use of omega-3, phospholipids, choline, uridine
monophosphate, vitamin E, vitamin C, selenium, vita-
min B12, vitamin B6, and folic acid enriched formula
resulted in a lower decline in the Wechsler Memory Scale
- revised immediate recall®® and better memory domain
performance in the Neuropsychological Test Battery
(NTB)* in patients with mild AD and less worsening in
the CDR-SOB in patients with prodromal AD.** Among
the other studies, one evaluated the same previous
formulation in patients with mild to moderate AD,*?

Moreira et al. Diet and cognition 261



Dement Neuropsychol 2020 September;14(3):258-282

“aNuRuo)

‘D) 0} Je[iwIs sauldpinb Arejeip :n9

; . BB AI-INSA #(G002)
JUBWIIES.} JO SUIUOW 9 JBYR S$8I09S 189S pue soulopinb Aejaip+laddns pue youn) syuow ¢
1s8] Jajliald fq av jo sisoubelq ‘lels
Boo-1uipy ur abueyd auyy ul sdnoib ayy usamiag ‘1sepjealq buioejdai ‘(paw-gleuabap) ureds
pue 8|eas Sy (uaw 9%/ | ‘p|o sIeak opeAles
punoy Sem aouaJayip Jueaiubis Ajleansiels o SPO00} PaLIP-Uazol) Uuo paseq ‘pinbi| 1o pajj0.u09 ‘pauado ‘|ajjesed 19y
. . 8'9+8'18) 8199[ans €6 -Se[eg
pIjos-1was ‘ejnw.io} A1eyalp syajdwo) o)
‘auiuibie Jo 6 ( ‘ugoidhoymm 1o %0
‘U Jo B Gg'| 'ng 4o B 00g ‘uz Jo Bw g
‘aye104 Jo BT 26 ‘Z 19 40 BT €°0 ‘D ulweNA Jo
Bw og ‘joaydoaoy-o jo bw g :uonisodwion
"auljaseq ay} 0} pasedwod UoHUBAIBIUI "SUSLINUOIIBL JO UOINQLISIP BWES 8Y} BLIBIIO YAYAY/SAININ syuow 9 ( )
40 Syjuow 9 pue ¢ Jaye $3109s ISIIN oc DUB Uum Ajrep sauwiy g ‘o1io[egos! ogadeld :n9 £q @y o sisoubelqg uleds NN.MoMN
ul abueyd ayy uf sdnoib usamiaq 195 PUE 93N ‘auiuibie 6 G'¢ ‘ugl0idABUM %G| ‘U Bw € ‘ny (usw %Gy ‘plo sieak pajj04u09-00a2eld mM:M
80UaJIayIp JuedllubIS ou Ssem aJay ] 4o 61005°1 ‘Uz Jo 6w 0| ‘ayejo4 jo 61 00z ‘214 1'879'v/) S108[Qns ¥ ‘purjg-sjanop ‘[a|feJed ‘19Y \d
40 61 G°| 0 uleyA Jo Bw 0Gg ‘jo1sydoao}-F| Jo
Bw gg :spustnu [euoippe ‘uislold %0¢ ‘spidil
%S¢ ‘So1eIpAY0qIe %Gy ‘(e 00 :uomisodwo)
‘Ajrep sawn g ‘o18104diadAy pue ouofeasadAy SNO 9|
"SUJUOW € :UORUSAIAIUI JO pOLIad
"papJ09a. a1om suonduosaid 1ng ‘papnjoxe e
"auljaseq ay} 0} pasedwod uonUBAIBIUI Hou 1am ps auy Buinp uogejuawalddns m:mm _Mr e syuow
lISeq 8Ly 0y p fiusAIBu! 210 PAAIG9A] OUM Sjuaned 99 'sq0 HOUI2 VaUQv/SAONIN oS «(002)
10 SyluOW 9 pue ¢ Jaye $3109S ISININ £q @y Jo sisoubeliqg a9uel
ISININ "9JB9 [eUONLINU [BnsSn :99) ©19
ul abueyd ayy ul sdnoib usamiaq (paquasap 10u Jopuab Aq pa][03u02 ‘pullq
‘Rep Jad [B9Y 00G 01 00E [euonIppe ue anbneq
99uaJayIp Juralubis ou sem alay) s[enpiaipul Jo uoipiodoud ‘pjo -9|6uIs ‘|a|jesed ‘194
Buliao ‘sesauiw pue suweA ‘suisiold
sieak y°'G+8'g/) s108lqns 6¢
UM payoniua juswalddns [euonuinu [elo
ali0[easadAy+2aJed [euonLNu [ens( o)
SNOLLYTNINYOL TYNOILIHLAN TVHO
auljeseq je IS ueap UOUAAIBIUI JO uoneINg )
sBuipuiy ulew pue s)nsay $9W09}N0 anuhon SUOIJUaAIAYU| eLIgug ansoubeiq aogeld sm 0
9|dwes uonejwijaq ps

*aSBasIp S, JaLWIAYZ]y Ul SUonUaAIa]Ul Aielaip Buiren|eAs sjeL [e9IUIY PAZILOPURI JO SYNSaJ PuB SNsLalorIey) *Z 8lqel

Moreira et al.

Diet and cognition

262



Dement Neuropsychol 2020 September;14(3):258-282

“*anuRuoy

8¢°0FGE0°0=5x88M ¥¢
¢9¢'0FGL0°0=SX8am ¢ |
612°0+tGL L 0=8ull8seq :H)
8/¢°0F0¢1'0=S)83M ¥7¢
¥8¢°0F€0°0=S188M ¢ |
G69°0+620°0=8ul|aseq 9|
(£50°0=d) 8109s-7 — suoisodwod [e30} 1N
€97°0F L L1L'0=SX83Mm {7¢
B¢y’ 0FErL'0=S18am ¢ |

*0gaoe|d 9110[e20sI :H7)
“(p1oe 21104 Jo B 0OF+9g UIWeYA Jo Bw |+Z 19

BUS1II YAHAY-SAININ 8ut

SY99M $2

'8109S [B}0} pUER UORIUN uiweyA Jo bw g+wnjua|as o Haw 09+7 UIBHA aoueld pue ‘Ajey ‘ureds (2102
¥88°0+8.,0"0=8ul[8Seq 99 Aq gV 919eqo.d Jo sisoubeiqg
G6E F202 0=Si00M b2 3A1IN93Xa ‘uoiouny 10 6w gg+3 uiweya Jo Hw op+areydsoydouow (oW 9% | Do Sieak ‘wnibjag ‘Auewlay ‘spueliayiaN ‘18
) w ) Alowaw :(3109s-2) gIN  aulpun Jo Bw Gg9+auijoyo jo bw gop+spidijoydsoyd lS DI paj|0u09-0qaoe|d [HIEIETRIY
8E07680 0=x3aM cl 0 Bw + 0 Bw L+ 0 Bw L L+8'82) S1090anS e ‘puljg-ajgnop ‘|ojjeJed
2180+ 120°0-=auIjaseq 9| Il 901 <_._o_v_ 002" 1+vd3 ¥ puijg-ajgnop ‘fa|| 104
(620°0=0) 81095-7 — UrRWOP AloWaW g1N 00€) Aep e 82U0 ‘gPIeUsANOS J0 8|10y )|
"UoIaUNS SAIINIAXA 8L} UO puUNO) SBM
90UBJaJJIP ON "JUSLWIBAI] JO SHIOM g
Ja)e 8109s uonIsodwod giN [e101 8y}
U0 199)48 0] pual) B pue a[eas gIN oyl
10 urewop Asowaw auyy ui sdnoib ayy
UB9M]SQ PUNO) SBM 92UJaLIP 1UBILIUBIS
. . . 81—=L1=3SININ
$1S9] 4104 Ul pandwiod 10U 819M 8UIjaseq sAep |g :uonuaAlalul JO poliad
. . . 01-@dl Pue AI-NSa skep 06 «(2102)
U] 0] 9AIIR|3) $810IS Ul S8IUIBLIQ "S8I0IS 991Ape AJe1aIp pJepuels i)
L-X010 Pue ISNIN Aq av Alres Jo sisoubelg [efnyiod ‘el
L-X0T9 puB 3SININ 8y} ul sdnolb ayy "991Ape Ase1aip psepuels+Aep Jad suisjoid
(uaw %9z ‘p|0 Sieak papuljquou ‘;gjjeted ‘1Y BSnos aQ
U99M]aq 39uaJayIp uraUBIS Ou Sem alay) 10 6 g1 pue spidij Jo 6 ¢/ | ‘sejeipAyoqued
.y . ) 1'9+6°8/) s108lans /¢
4o 6.8°2¥ ‘(69X 00 Buipiroid ‘SNO 9
%0p=1uawanoidu)
‘%G | =96UBY2 ON ‘%Gp=5U1103(Q :H)
SHIOM g
%0p=1uswanoidw *0ga2e|d 9110[B20SI ;59
) ) ) LOISUS)X3 Y9am-g |
"% Ly=abUeyd ON ‘%61=3U1198Q 9| (proe d1j0} Jo Bw 0OY+9g UIWENA Jo Bw |+2 |9 92-02=3SNIN ajqissod L Syeem 2
(120°0=d) sxaam z|. Jaye 1s8} e ulweyA Jo Bw g+winjua|as Jo Bow pg-+9 uiLieyA BLIgLO YAHAY-SAININ 8y} ..8 " .m B 5(0102)
|[e9aJ a]eIpaLIWI J-SAM uo sabuey) SAN P 10 Bw 0g+3 uiweyA Jo bw gp+ayeydsoydouoi £q Qv 8|qeqo.d Jo sisoubeiqg Vais pailin p ‘e1o
602-SvQay 4-SINM wopbury payun ‘wnibjag
'$9LI09IN0 Bululewal auy 1o} pPaAIasqo aulpun Jo Bw Gg9-+auijoyo jo bw oy+spidijoydsoyd (usw 9%0G ‘p|o sJeak UBLLIN ‘DUEO Suayayas
SBM 30UaIaHIp Jeayiubis Ajleansiels oN Jo Bw 901+yH( Jo Bw 00z |+¥d3 Jo buw G'/+/°¢/) s108[ans 6z oll01 :ow M mumﬂ
"|ledas ajeipawl J-SIAM YUM pajen|eas 00¢) fep e 89U0 ‘gPIRUSANOS JO 81109 D) ) paljoA _ G098 )
puljg-aiqnop ‘[ajlesed 1Y
auI9ap aaiubod Jo [enjuaiad sy} uo sdnoib
U93M]a( PUNO) SBM 89UBIBYIP JURILIUBIS
auljaseq e IS uea UOIJUaAIB)UI JO uoneIng (1eak)
sBuipuyy ulew pue synsay SUORUAAIA euaLg ansoubelqg aoe|d _QM .
9|dwes uonejwiRQ pis

‘uonenuiRuog "¢ ajqeL

263

Diet and cognition

Moreira et al.



“anunuo)

€6°6+08°L 99
99'7+96°G DI
(90°0=d) sypuow g Jaye
3LWN|OA JBINDLIUSA UO Sabuey)

€e'0+ey’0- 99
'0+08°0-: SOWN|OA UlRIg -
( nw%V omowh al Joue (181) oA L "0qaoe|d 9110[220S! :H) B
G00°0=d) U} ¢ 18l vadav-SAdNIN (D19 91101 J0 B QO}-+9g UILLIENA 10 7¢<ISNIN
awnjoA [edwesoddiy uo sabueyy pue AIFNSA) BLIBIID YY-VIN pue Syuow g
Bw |+z1g uweya jo bw g+wnius|es Jo
¢Ltel’'L9) eljuawapojuoissaibiold - uonealisseld L-9Mml 8y 0} uspams puy spuejiaylsn ¢:(2102)
Bow 9+9 uiweyA Jo bw 0g+3 UlWEHA
287 1+95°0 1| 90S-4a9 - Buiploaoe aseasip Jawisyz|y ‘Auew.ay ‘puejul4 ‘e
10 Bw gp+a1eydsoydouow sulpun Jo B
(600°0=d) syuow g uoiouNy 8AIINIBX [ewospo.d jo sisoubelq pa||0J1u03-0ga9e|d usuIuIog
Gg9-+auljoyd jo 6w gop+spidijoydsoyd
Jaye 90S-4a9 uo sabuey) pue uonouny Alowauw ) ‘(Usw 920G ‘plo Sieak ‘puijg-ajgnop ‘|ajesed ‘194
. . . 40 Bw 901+vH( o Bw 00z |+¥d3 Jo buw .
[HIN Aq passesse Jaje| au ‘awnjoa 81098 €10} gIN - 9°976'12) s18lans |1g
00€) Aep e 82U0 ‘gPIRUBANOS JO B]10Y )|
Je|naLiuaA pue awnjoA [edwedoddiy 8109s aysodwod giN -
‘40S-4Q9 40} 92UBIBYIP B SBM 818y L
*Apnis ay} Jo awoayno Atewd ayy
‘auIjaseq ay] 0} UONB|aJ Ul 81098 GIN
ay) buibueyd ur sdnolb ay) usamiaq
80UBJayIp JueaubisS ou Sem alay|
"0qaoe|d 9110[220S! :n)
] (ptoe 21j0} Jo B 0OF+94 ulwepA Jo B |+219 92—¥ 1=3SININ
1UBWIBA.} JO SYaMYZ Jaye SY0aM g
UILUEYIA JO B g-+Lnjug|as Jo 6w 09-+9 ulwepA BLBILD YQHAY-SAININ 8yl
S9W023N0 aAubo9 |8 Jo abueyo K1aneq 1881 aAnIubo? S9Je1S payun (€102
10 Hw 0g-+3 uiweyA Jo bw op+sreydsoydouow Aq gV 919eqo.d Jo sisoubeiq
10 sajes 8y} Ui sdnoub ay) usamiaq pue g0S-4a9 ‘609-syay pajjonu09-0gae|d ‘e 18 Ueys
punoyj Sem aausJaIp 1uealubis oN ulpun Jo Bul Gzg+auljoyd Jo bul 0o+spidioudsoud (Uaw %8 ‘pl0 s1eaf ‘pulg-ajgnop ‘ajjesed 19y
' o 40 Bw 901+yH( Jo Bw 00z |+¥d3 Jo buw 2'8+/1°9/) s108lans gzg '
00€) Aep e 82U0 ‘gPIRUBANOS JO B110Y )|
auljaseq e IS ueap UoIjUaAIB}UI JO uoneIng (1eap)
shuipu uiew pue synsay $aWo09No aniubon SUOIJUaAIAYU| eLI9u9 ansoubelq aoeld _aM 0 .
a|dwesg uonejwiaq pis

Dement Neuropsychol 2020 September;14(3):258-282

‘uolenuiRuog "¢ ajqeL

Moreira et al.

Diet and cognition

264



Dement Neuropsychol 2020 September;14(3):258-282

“aNuuoY

(2°0=0) syuiod £8°0- =syjuow z -9
(100°0>d) sjulod 9'- =stpuow 9-0
(sypuowiz -9 pue syuow 9-p) spouad
OM} U} Ul ISINIAI 84} Ut 8uIjosp 99
sjulod 9°2- 199
spuiod '0- 19|
(10°0=0) stpuow 9
18 ISINIA U Bulfoap Jo 8jey
G'/2—€'€2 1%G6 ‘7" Gg=syuow z|
8'/2-C' 1 19%S6 ‘0'9Z=S\yuow 9
6°82-2¢'8¢ 1%G6 ‘G'8z=auljased :09
7°82—1'92 19%G6 ‘€ Lg=Syuow g|
1'82-1"12 19%S6 ‘6" LZ=S\yuow 9
1'82-1°82 1%S6 ‘¥'8g=auljeseq :9)|
(20°0=d) ISIN
:Qv pliw yum dnoibigns
‘JuRdIHIUBIS A[[RONISNBIS 10U SBM
9JuaJajJIp syl .EmE m>=_:moo J19Y10 ay}
uj *dnoJb 1009 8y} 0] pasedwod syuow
918114 8U U1 JSINIAl Ut BUI8p JajjewS
© pamoys sienpiaiput 9j ‘(zg=u) (siuiod
/2<3SININ) AV Pliw yum sdnoibans u|
"d0S-4a9 pue Yao ‘B6oo-Syay ‘ISININ au}
ul syjuow ¢ | pue syjuow 9 Jaye sdnoib ay}
U33M]aq adua.iajjip Emo_tcm_w 0ou sem alayl

'80S-4aJ pue 4ad
‘609-Syay ‘ISWIN

‘(Aep Jad Bw 0o0‘y) sdnoib yloq
10} uonejuswalddns g-ebawo ypm
syjuow 9 Aq pamoj|o} ‘uoiuaAIs)ul
pa)]103u09-0082ed J0 Syuow 9
"3 ujweyia jo 6w 9| yum pappe ‘Aep
Jad B 000y ‘seinsdea ui |10 ulo) :n9
"3 UlWeyA Jo 6w 9| yum pappe
(vd3 0 6w 009+yHQ 40 Bwi 002’ 1) Aep
Jad Bw 0p0‘y ‘sainsded ui g-ebawo :n|

"BLIBIID AI-NSA
£q @v Jo sisoubeig
(usw %8y ‘sieak
6+72) s109[ans 402

"sJanbaed papuilq :'sqo
‘Juawanoldwi papodal G pue ‘aouasaylp Aue
aAJasqo Jou pIp O ‘Buiuasiom papodal G :n9)

“Juawanoldwi papodal g pue ‘aduslayip
0U PanIasqo || ‘Buiuasiom papodal ( :o)
"(100°0>d) 91 8y} Ut punoj sem
suaned auyy JO SUOIIPUOI Bu} Ul
Juawanoidwi Jo spodal Jo Jaquinu Jayealh
e ‘s1anBaled sy} Aq uoluanIalul 8y} JO
S109410 8y} JO uonen|eAs ay} buipiebay

‘pajuasaid jou sem Buipuiy sy} Jo aauedIUbIS

[BO1ISIIRIS JO [9A8] 8Y} Janamoy “4aybiy
alom 9| oy} ul Juawanoidwi Jo sabejuaalad
ay} ‘asreuuonsanb auyy Jo sway |je Jo4

|0JJU09D Jappe| pue

‘uoissaidxa Joy Ayoedes

‘suoneuioniey ‘Aep
ay) Buunp ssaupiae
‘siaplosip das|s
‘f1owaw wiay-buoj
‘fiowsw wa)-poys
‘uoneziueblio ‘anadde
‘Jowny ‘uonesadood
‘uorejualo [eleds
Jo sease Buipnjoul
‘sJanbales
Aq pajejdwod
‘aireuuonsanb wap-zg|

‘Rep e 921M] ‘(j018Yd020)}
-10+10 |eJauiw) 0gade(d Jo JwW | 99
‘Rep & 921M] ‘(j0Jaydo20}-0 W 20’0 pue :ji0

[RJBUILL JO W /70 ‘G'H: | 10 ORI Ul SPIJR JI8|0ul|

puUR 21U3jOUI|-B JO aInXIW W
Gg'0) UONBINWLIO) §-HS JO W | 19|

8'¢+8"/=3ISININ
(usw %6/ ‘plo SIeak
€/ 01 06) s198[qns 00

SLINIIHLAN YIHL0 HLIM NOILYIJ0SSY NI HO @3Lv10SI SAIIY ALLYd €-VIINO

sBuipuly ulew pue s}nsay

$8WW09)N0 aAnIubon

SuonuaAIdju|

auljaseq je ISIN uealy

eLIgug ansoubelq
a|dwes

syuow g
4(9002)
uspamg
‘219 1A
pajjonu09-0gae|d
. } ) -pnai
pulig-ajanop ‘[ajreJed ‘10y
SHIOM
+(9661)
[oeIs|
‘1o
pajj0.u09-0qaoe|d
. . . EPNUBA
puljg-ajqnop ‘[ajfesed 19y
uonjuaAId}UI JO uoneIng
jou(1€3R)

a%e|d .:o:m::::on»_w_&nm._.
uonepwijaq

265

Diet and cognition

Moreira et al.



Dement Neuropsychol 2020 September;14(3):258-282

“**gNuNuoy

spuiod ' 1+9%- 199
(10°0>d) swuiod 2°0+0° |- :2-9I
(08°0=d) swuiod g'|+¢'p- 11|
ISININ
"D 'SA g-Hl PUB 9 "SA |-H] 8U} Ul [9I-SYAY
a9y} \E Passasse auljdap ay] ul adualajjip
Juedl .:m_m >__mo_~m_pﬂm OouU Sem alay|
"ISIIN 843 Aq pajenens auijoap
m>:_cmoo l9|jews umEmmm._a ¢-9l
ayl >_co uonuaAIslul JO Syuow g1
Jaje do a9yl yum :om_LmQEoo ayl uj

602-SyQy pue IS

"WV wouj 0gaged+g-ebiswo Jo 0gade|d :n)
“fep Jad Bw 009 ‘sielel Ul yy+(vd3
Jo Bw G/6+vHa Jo bw G/9) Aep Jad
Bw 0p0‘s ‘sainsded ui g-ebawo :z-n|

VY wouy 0gae|d-+(yd3 Jo Bw G/6+yHQ jo bw
G/9) fep Jad Bw QOO‘g ‘sansdea uy g-ebawo :|-o)

"Bl8IId AI-NSA
Aq @y Jo sisoubeig
*(uaw 9,96 ‘pjo sieak

8'6+6'G/) soalans 6¢

syuow g
Sa1elS pauun
vm__obcoo-onmom_a
‘purjg-sjanop ‘[a|reJed ‘19y

£(7102)
‘lB18

oS

¥5'9-02€ 1%G6 ‘swuiod Z1°G- 199
9G'7-91'2 19%56 ‘sulod 9¢°¢- |9
(€0°0=d) sypuow g| Jaye ISINIA ul Buibueyy
1'€1—21L 19%S6 ‘swuiod L0k 99
8£'8-80'Y 19%G6'siuiod £2°9 19|
(€0"0=d) sypuow g|
Jaye 609-Syqy ui Buibueyn
:aAljebau 3 30dy dnoibgng
‘pajen|eAs awooyno Aue ur sdnoib
8y} Usamiaq adualayip Juealiubis ou
sem aJay} ‘dnolb aaiisod 43 304V aul U|
‘Jueaiiubls A||eo1ISneIS 10U 81aM SaJUBIBYIP
8} SOWOIIN0 Jay10 8y} Ul Sealaym “(8y=u)
0qa9e|d BulAigoal 8soy} 0} paJedwod
ISININ pue Boa-SyQy Ul suljasp Jamoj
Apueaiubis e pey (1L.9=u) uonejuaws|ddns
VHa Buinieaal syoalgns ‘dnolb aanebau
72 30dY 8ui Ul 8j3j[e 3 30dV 8yl Inoyim
pue yum sdnolbgns o sisAjeue ayj u
‘Jusweal} JO SYIUOW 8 JaYe $8109S
ISINN pue g0S-Ha9 ‘602-Syay aul jo
abuey Jo sajel ay} ul sdnolb ayy usamaq
puno} Sem aausIaIp Juealiubis oN

"90S-4a9
‘ISINN ‘B00-Svay

*(j10 ueagAos 1o ulod) 0gaoeld ;59

"(Qubram YHQ U} Jo %GS—G¥) Aep Jad B
0002 ‘sainsded ui aebje wo.y paaLsp YHA I

"av 9|qeqoud
10 sisoubelp JoLd
(uaw %8y ‘p|o Seak
1°8+0°9/) s108[ans g0y

stpuow g|
SaJelS papun
pajjou09-0gadeld
‘puljg-slqnop ‘j|jesed ‘LY

%(0102)
‘B9
uunp

sBuipuly ulew pue sjnsay

SuonuaAIaju|

auljaseq je ISIIN uealy

eLgug ansoubelq
g|dwes

UOLUaAI3JUI JO uoneIng
age|d
uoneywiRa

sou(1€3R)
fpms

‘uoiienuiuog "¢ ajqeL

Moreira et al.

Diet and cognition

266



Dement Neuropsychol 2020 September;14(3):258-282

*8NuUoY

'9¢—¥ L=ISININ ——
Juswiesl) buunp gos-4ao ‘ISWIN "19|qe} 0gade|d 199 av eiqeqoud +(8002)
. 40S-4d9J . SO1E1S payun )
609-Syqy 10 auloap Jo ajes ay} ur sdnoib fep Jad auixopuAd jo bw Gg+z19 10 sisoufeip Joud el
‘ISINN ‘B02-Syay Pa]|0}u09-0qa2e|d
U93Maq 89UBJaLIP JuedIUBIS OU SBM 8Jay ) ulweyA jo 6w L+pioe 9110} Jo Bw G 9| (uaw %y ‘plo steak . . ) uasly
. pullg-ajgnop ‘[ajfesed 19y
0°8+¢£°9/) s108lans 6oy
: . . '6¢—02=3SNIN syuow g
IS pue H02-Syay Yi0q Jo} uondeialul 0@gade|d :n9 (8002)
. . BLIgIO YAHAY-SAININ 8y} Auewlay .
Juawiyeal} X awiy Jo sisjeue ayj ui sdnolb ayy JISININ pue Boa-syay n9 6w g 03 Buipuodsa.iod ‘Aep Jad 1
£q @y 8|geqo.d Jo sisoubeiq pa]j04u09-0ga2e|d
U83M]aq 89UaJaYIP JuBdIUBIS OU SEM 818y ] a1elpAyip-a1e3010-(]])-n9 Jo Bw g9°1G 9| 19|SS8Y
(uaw %t ‘plo sieak ‘puiig-ajgnop ‘fojreled 104
€'/¥5°69) s1o8lans g9
'0099e|d :99
(€Q ulwenA Nf 00F ‘Y UIWENA NI 000y
‘219 61 ¢ Jaddoa 61 gg. ‘euipor 61 9o ‘proe
21g409se BT gQ|. ‘ajeusyojued wnioed Bw | ) 3 S)99M 9Z
'$9W091N0 |[e ul sdnoib ayy Huowe ISY9 pue ISNIN ‘auiwely} ajelpAyouow B ¢ ‘uineoqu Jo B g ww onom“_m_\“_Emm_ uemie] (2002
89UBJaYIP BAIROLIUBIS OU SBM 813y ‘11/609-Syay ‘a1euogJed wniofed Jo bw 06z ‘epIWeunolu Jo N Es%m . a .m_< hh o. Qmi.c pajjonu09-0gade|d ‘e 18 ung
B o] ‘e1euoqgtes uoli Jo Bw o9 ‘apuojyd0ipAy %905 Pl ‘pulg-ajgnop ‘ajjesed 19y
, €'/+8'7/) s109[ans 68
auIxopuAd Jo bw g ‘pioe 2110} Jo B |)
fep e 89u0 Jusws|ddns uiweyAnw-+Aep
B 99U0 ‘B G°Q ‘uiweeqodjAue o)
"0gaoe|d |0Jaydooo}-0+0qade|d auljibalas 199
‘fep Jad auijibajeg Jo Hw
. 9¢L=ISNIN syiuow ¢
. 01+1018yd030}-0 J0 0qaJeld :€-9| s(2661)
S9W09N0 Y0q ul sdnolb sy} Buowe BLIBJO YAHAY-SAININ 83U} Sa]BIS payun
JISININ pue Boo-Syay ‘fep Jad |018ydo20}-0 Jo ‘B19
99UuaJayIp aAIRIIIUBIS OU SBM 1Y | Aq @v 919eqo.d Jo sisoubeiq pajj0.u09-0qade|d
NI 000°z+0gae(d aulliba|es :Z-0] oueg
(usw 9,G¢ ‘plo s1eak ‘pullg-ajgnop ‘fajfesed 19y
"Rep Jad [018Yd0201-0 JO )| _
. . 0'8 F#'¢2) s108lans |y¢
000'g+aullibales jo Bw Q1 :|-9]
NOILLYIJ0SSY NI H0 @31v10SI SINIIHLNNOHIIN
auijaseq 1e SN ueap uoIjuaAId)UI JO uoneIng Bl
sBuipuy ulew pue synsay $awWo9no anuhon SUOIJU3AIAYUY| eLgug ansoubelq aoe|d .uﬂ n
9|dwesg uonepwijaq ps

“uoenuiuo) g alqeL

267

Diet and cognition

Moreira et al.



Dement Neuropsychol 2020 September;14(3):258-282

“aNuIu0Y

"aunueWaA J0 0gaae|d+|o1aydodo -0 Jo 0gade|d :n)
1019)090] -B 8p 0gade|d-+elp
Jod eunuewsyy ap bw 0z :g-o|

9¢—¢1=3aSNIN

0gaoe|d j0.oydoo -0+Ae P9 vaWAv-SAININ sreefi €2 (r102)
) -0+
'$8109s £09-SyYQy pue ISININ 8y} ul sdnolb ayy JSIIN pUE B0-SyQy E%m::___mr“h 10 m“_ 0z .m.cw_ ay} Aq gy a|qeqo.d 1o S91B1S payun z._m o
U93M]aq S9IUBIBYIP JURIIUBIS OU B1am BJay L 0 m.om_ d sunuewaw-+ >.8 9|q1ssod 4o sisoubelq pa]j0u09-0ga2e|d wowsha
Jad 10J8yd0201-0 N 0002 :2-I (usw %/ ‘plo SJeak ‘puijq ajbuis ‘jajjeted ‘194
“fep Jad auuewaw Hw 1'/+8°8/) s1oalgns €19
0¢-+018ydodo1 -0 N 000°Z : L-9I
"2+6°0- :0q9oe
§ ¢r60°0ha9eld "0g99e|d :99 91L<ISNIN
(G0'0<d) 6'2+0'L-:2-19 syeam 9|
) RO "Rep sad pog Jo bw 00z | :2-9I BLBILD YQHAY-SAININ 8yl w(2102)
(20'0=d) 6'2+82-:1-19 S9JeIS papun
— — “(V1v/9/3) Vv 4o fep Jad Bw 006+9 fiq av 8|qeqoud jo sisoubelq palj0U09-0Ga0e(d ‘e19
' uiweyA Jo Aep Jad Bw goG+(|018ydoaoy-0) (Uaw %G ‘plo Sieak 0yse[ey
'0g89e|d 0} paedwod usym -o| u ‘puilg a16uis ‘jaeJed 19y
3 uiweya jo Aep Jad N1 008 :1- 0'6+F.'¢Z) s1o8lans g/
PanIasqo sem auljoap aAuboo Jajealb v
'0qa2e|d 199 G'¢+6' L L=3SNIN
) “(auniured-1-1K189y Jo B 00G ‘aulgishy L3O Y4av-SAININ 8y} syjuow g1
juswijesl) Jaye $810ds |-X019 PUe ¢-Sdd . ¢(6002)
-1A89y-N Jo 6w 009 ‘suuoiyia|N-1fsouspy-S fq av 81qeqoud Jo sisoubelq S8]e]S pajun
[£103 8y} Jo uostiedwod ayy ui sdnoib ayy L-X0T0 PUB 2-S4d ‘e1o
10 Bw QO ‘losaydoaor-0 Jo N1 0E ‘219 (paquasap 1ou Japuab Aq pajj01u09-0qgade|d
U93M]aq 89UBJalIp JuedlIubIS OU SeMm 81ay) uolbuiway
ulLeyA Jo B1 9 ‘pioe aljoy Jo 61 00y) Aep sfenpiaipul Jo uoiiodoud ‘puijq 8|Buls ‘jajlesed 19y
Jad s18|qe} g ‘uoneNLLIod [BaNadeny o) pue abe ueaw) s}oalans z|
‘sjoyine ay} Aq papodal jou sanfep
‘Ajjeaiydelb pajuasald synsay 810N
‘Juswieal} Jaye auojyiein|b (enuawap a1anss pue
PazIpIX0 JO 8UI[I3P B PAMOUS=dY. 9]BJ9pOL ‘plIL) 8SBAsIP 8y} JO
‘Juswieal) Jaye auolyiein|b pazipixo Jo SabB)S JUBIaRIP 1 SIENpIAIPU| syIuoW 9
ﬁ%ﬂ%%wmmﬂcﬁw n_om___zuwﬁmw_w_ngm_w__% ‘9[e2S BlUBWA(Q-Passalg "0g99e|d :99) BUBIID YaHAY-SAININ ureds »(6002)
sdnoubgns Bul L&Eoo uauM “(50°0>d) m_w_>.__>_ ul pue [-X0T9 ‘ISININ "3 BUIWBYA 8P BIP/NI 008 *9I au} kg gv jo sisouBelq pajjo;u02-0gadeld ‘e 18 1810[7
aUI}93p & PAMOUS JYN ‘U1og BuLledwod uaym "(Paquasap Jou Japuah ‘pulig-ajanop ‘jaifesed Loy
‘Sluaned (dYN) siuapuodsal-uou pue (dy) £q sjenpiaipur jo uoipodoud
sjuapuodsal yum sdnolbgns o) Jo sisAjeue uj pue abe ueaw) s}08[qns G/
"S8LW09N0 pazAjeue 8y} ul B9 pue i
U93M}aq 89UBJaLIP JuedluBIS OU SBM 818YL
auijaseq 1e IS uea uo1jUaAId)UI JO uoneIng Tl
sBuipuyy ulew pue synsay $aWo9}No aniuhon SUOIJUaAIAYU| eLI9u9 ansoubelq aoe|d _UM n
a|dwesg uonepwijaq ps

uonenuiuoy g slqeL

Moreira et al.

Diet and cognition

268



Dement Neuropsychol 2020 September;14(3):258-282

“aNuuo)

8'€+y'1-9)
9y+92°0- 9l
(20%°0=d) uonenuiUOISIp Jae SHaaM g | —
0'9+G¥°0- 99
€Gg+ge-9l
(620°0=d) awieal Jo sYoaM g | Jayy —
6'¢+L'1HI
Ly+ev-9l
(210°0=d) Juswiyeal JO SY3M 7 Jaly —
(9409s Jo abueyd) 602-SyQyY

"SY93M ¢ | :UOljuUaAIBlUl JO POLIad

a0 - N
ww +Mwmw m% "Juawyeal} aaioddns pue aAleAIasu0d Ajuo :n9) 0'cc-5"12=35HN
(€29°0=d) uoieNURUOISIp Jo}e SY9OM Z| — "asuodsal-asop 10 198118 ajqissod Aue VauQv-SAININ SY9aM 12
F'€+£0°0- 199 . 10 BLIB} BUL Aq Qv ++(8002)
o] - JSININ pue Hoa-Syay ajen(eAs 0} Aep e (g-19) Buasuiy Jo 6 0'6 yum Ba.0Y UYIN0g
8'¢+g’ LMl ) ~ 8|qeqo.d Jo sisoubelq ) ) ) ‘219 897
(600°0=d) JuawW}La1} JO SHIAM Z | Jay — pajes.) aJam sjusfied 6 ‘uonIppe Ul :'sqQ (UBW 9% g “Dlo SIeak pajjouo9 ‘uado ‘jajesed ‘Yo3
¥'¢+86°0- 199 fep e Buasuiy Japmod uealoy ?
XA RG] ) . 1'6+1°99) s108lans /6
(££0°0=0) JUBWIEAI JO SHOaM § JOYY — alYM b G p-+1usLueal) [BUOUSALOD 9|
(9409s J0 abueya) IS
‘(-9 'sA 9| uosLedwod) souewlopad
anubod ayy uo sabesop Buasuiy yloq
10 198449 8} Ul 9USIBLIP OU SBM 813y |
"UOIIBNURUOISIP SH JOYB SY9aM Z | pajeulwi|e
Buraqg yuawyealy Jo syaam g | Buunp ASININ
pue 609-SyQy) aouewlopad saub09 ayy ul
uawsanoidwi pajuasald Buasuly yum payeal)
sdnoJb 8y} |0u09 Yum uosLedwod uj
HYNISNID
‘sloyine ay} Aq papodal J0u a1om Ssyjuow o7 TT=
€ 16 PUE BUIjaSEq JB S3100S B PUE O] UBSIN "SUUOW § 10 € :poLId U3l _ th_ww%u wo_\,,___\,_
*dnoJb yoes ul $3109s Ul sbueyd 8y} Jo '0g99e|d :99 oL :o.u_ souben ° SyILoW 6
@s-+ueaw se Aiealydesd pajuasaid synsay “(ourHuen-T-1K199Y J0 B 00g ‘auisisky H&ILD JSOUDEID QY #(G102)
"aul|aseq oy} 0} pasedwod ( e : SSINFV-SHa - ] : 10 sisoubelp snoinald $8]eIS pajun )
118Seq 843 03 p £8c€-€9¢6¢’} -1129y-N 10 Bw 009 ‘aUILOIYIAN-IASOUspY-S e
19%G6 :1000°0>d) SSINIV-SHQ pue pue 1-X019 o Bl 01 ‘10181069010 10 . (paquosap j0u pajj0u09-0gaded
(629'2-L2/8'0 1%G6 ‘2000°0=0) 21008 0 bul 0oy 1048ycodoL 40 1l 0€ 218 Japuab Aq sienpiipu \oun ebuts ‘lorered uojbuiway
1-X0T1D 8y} Ul 8seasoul Jueayubls Ajfeonsiels uiweya Jo 61 9 “pioe ooy Jo 61 0oY) Aep , pullq 81buis 9reled L3y
‘ 10 uoipodoud ‘pjo sieak
© pamoys 9] ay} Ajuo ‘syuow ¢ Jayy Jad s18|qe} g ‘uone|NLLIo] [Ba1Nadelny o) o p
000'5/06€ y'8+8°L2) spoalans Ly
'0gade|d :n9
“(QV INOLAIM S[ENPIAIPUL PUE QY LM (Rep 1ad uitpuexeaz jo bw sypuow 9
s[enpiaipul) Apnis ay} Jo SaYauBIq OM} By} gHuaIN| J0 b 0L+UILUEXE3Z-0S3LI JO Wi v PUE p | LIsaMIaq puejal| o(G102)
| S | JISAIN 6w 01) - oPIa1USNOBI JUBWSIddNS )| 8102S ISINIIN se paulap av d .
Ul JUBLLIESLL JO SLAUOLL 9 J8LE IS Ut "0qaoe|d J0 UORUBAIBIUI PAAIBJ) LJ0g “(S|0QU0D  8jespow 0} pjiw Jo sisoubelq PaII0.3u09-0G%| [ 39 UejoN
a9ualayIp Jueoyiubis Aj[eonsnels ou sem a1yl DaUOIELL-a6E) QY INOLYIM SEENDIAIDUI PUE (Y (UBLW %06 ‘Plo SJeak ‘puijq-ajgnop ‘jajjeted 10y
UNm sfenpiApul :Apnis au} Jo saydueIq omL 2'1+0'82) s108lans g9
auljaseq e IS ueap UoIJUaAIB)UI JO uoneIng (1eap)
shuipuy ulew pue synsay $aWo09No aniubon SUOIJUaAIAYU| eLI9u9 ansoubeiq aoe|d :o_HS:_Emm _m_ uﬂmau._.
a|dweg uonepwiaq

269

Diet and cognition

Moreira et al.



“**gNuNuoy

"poriad 8y Jo 1sa. 8y Aep e Bw og 71-8=3SININ Yaday

Moreira et al.

Dement Neuropsychol 2020 September;14(3):258-282

‘Juswijeal) Jo syluow g | Jaye Hias pue Lpuow 1s1y 8y} (] SNAES SN201)) -SAININ JO euaId syuow g (7 102)
pue ISIAI JO $8109S J0 sabueya auy ul SYIDS pue ISAIN 10e.13%3 Jamoyyes Aip Jo Aep Jad B G| :g-) ay} Aq @y Jo sisoubeiq B139] ‘B 18
sdnoib ay) Buowe aouaIaLIp OU SeM 818y ‘pouiad 8y} Jo 3sa1 ayy Aep e Bw (g pue (uaw %G ‘p|o Sieak puiig-sjgnop ‘jajjesed ‘194 eluyyoIeS

upuow 3su14 ayp i Aep e uuews|y 6w Q1 :-9) 0'8+722) s108lans 89
“(ulwinanalxolawap-sig %S '9-5'¢
pue ulwndINJIXo18Wap %Ge-S1 6¢—L1=3SININ
‘JusWIBa.} JO SY9M {7 Jale . SY9aM 72
uILNaINg %08-02) SPIOUILUINAING %G6 ¥adav-SAININ 4o BLalLd 15(¢102)
slajawesed anubo |je ul pajuasald Sa]B1S payun
"ISININ ‘602-Syay UNM B[nwiio) — x8|dwo) €9 uiwnaing, au} kg gv Jo sisouBelq ‘el
sobuey9 ayy ul sdnolb usamiaq pajj0.u09-0qaoe|d
ogaoeld :n9) (uaw 9%/¢ ‘plo uewbury
99ua.JayIp urIUBIS OU SeM aJay) ‘puilq ajbuis ‘|jajjeted 19y
“xa1dwo) £9 uwnaing jo Aep Jad 6 ¢ :z-|n sieaf G ¢/) s108lqns 9g
“Xa|dwo? €9 uiwnaing jo kep Jed 6 2 {1-19
fep e 1apmod 0qaoeld 6 199 9'GL=¥'SI=3SININ syuow g
"Syjuow 9 Jaye 8109s ISWIN ‘fep e Japmod ogaoe|d jo 6 ¢+iapmod Jo VYadav-SaonIN 4o eusyo Buow-6Lo ( )
Jo sabueyd U1 sdnoJb ay) Guoure ISINIA sio|qe} ‘Kep e B | ‘Juawsa|ddns oLauLn) :g-9) auy Ag gy Jo sisoubeiq OO (8002
pa]|0.u09-0ga2e|d ‘e Jowneg
a9uaJayIp aARIIUBIS OU SBM 18y | ‘lopmod 1o s}a|qe} ‘fep e (usw 9|z ‘po sJeak . . )
. . o puljg-ajgnop ‘fajfesed 19y
6 ¢ ‘quawsajddns ouswNng |- ¥'8+°¢/) s1a8lqns y¢
STVIINIHI0LAHd
(G70°0=0) 2'8+0"L1=S9aM ¥
(£20°0=0) ¢'2 +8'0z=s3M ¢
8'9+9'y | =auljeseg
£19 35 0ZS3SWIN
(820°0=0) £'€2+5'82=S)99M ¥ . .
1uaWieal] anloddns pue aAleAIasu0d Ajuo :n9 VYayav-SaonIN
(820°0=d) g'ze +v"Lg=sMoaMm 2| -
o fepecel-95ep by g-19 Jo BuB}9 8U} Aq Qv SY99M g &(2102)
0°L1+¢" L y=8uljaseg ISINN pue Boo-Syay . . .
609 fepecel-0S8p 60°¢:2-19 8]qeqo.d 4o sisoubeiq ©al0y yinos [e18 08H
&1 svv ‘Repe Ggl-0Sap b G L:L-1D (usw %Gz ‘plo SIeak pajjonu09 ‘uado ‘|ajjeJed 19y
"spouiad ayy Jo Aue ur aouasayip Aue moys
. ¥'6+6°22) s1o8lans oF
10U pip sdno.b Jayio ay] "auljaseg aul
UNM uoSLIedWIOd Ul SY99M {2 PUB SHIOM
21 U ISININ pue 609-Sy QY $8100S 8} Ul
juawanoidwi pajuasald g-9 woly s1a9lgng
auljaseq e IS ueap UoIjUaAIB)UI JO uoneIng )
shuipu urew pue synsay $aWo9No aniubon SUOIJUaAIAYUY| eLI9u9 ansoubeiq aoe|d _aw 0 .
aldwes uoneywijaqg ps

uonenunuoy g ajqep

Diet and cognition

270



Dement Neuropsychol 2020 September;14(3):258-282

“aNuRUOY

80°1+0'8 :S¥3am ¢}
01 1+/y'8 :auljeseg
‘90 — IS

Niw Jo Aep sad Jw 00Z 99

) T . 19'8-/v"8=3SININ SHeam ¢l
Y9 1+/G01 [M8M gL (4oea Joj 6/N49 601 %) WnuawIay «(9102)
. . ) Yddav-SAININ Jo eusd uel| .
¥ 1+/9'8 ‘auljeseq JISNIN SN|[19e0J0€7 PUB "WNPHIq Wnlisjoeqopylg [e18
a1 Aq qv Jo sisoubeiq paj|0.u09-0qaoe|d
9l —ISININ ‘1858 SN||19Bg0}9ET ‘Snjiydoploe snj|19eqo}oe Legyy
(usw %0 ‘plo seak ‘pulig-ajanop ‘fojreJed 104
"(100°0>d) ISIIN 8 4o BouEWIopad By} Buiurejuod yjiw onoigodd jo Aep sad Jw 00z 9
2'¢+8'62) s108lans 09
ul Juawanoldwi Jueaiubis e pamoys 9|
ay} ‘auljeseq ay} 1e $a109s ay} buipiehay
J1101904d
(61£90°0- —2805'1
19%S6 :G£0°0=d) 12/68/°0-:09 - . _
. fep Jad W 09 :pg 01 € SHIOM - ¥¢—-0L=3SININ
(umous jou sanjen) aujaseq au o} uoRera! fep Jad Jw Qg :g pue | sxe9 3(]1I9S3p Jou 0 SyaaMm
Ul 92UJ3YIP JuRIUBIS OU SEM 818U} 1) - P 19G7IW 0F ¢ PUE | 439 Paquosap 10U av 4 ! ve «(Z102)
"89U3SSa INU020J YUM Ja1eMm Jo 0gadeld :n9 BLIBIID Jnsoubelqg eisheel
‘1-X019 1-X07T0 pue ISNIN . . ‘lels
fep Jad W 09 2 01 € YoM - (usw %G| ‘p|o sJeak pajj0u09-0qaoe|d
"SY08M ¢ Ja)e aul|aseq ay} 0} . ) ) ueys
fep 1ad Jw 0g :Z pue | Yasm - 6. pue 0/ usamiaq pullg-ajgnop ‘fajfesed 19y
uone|al Ul paaIasqo aiem sabueyo
‘110 INU0J09 ) abe) s109lqns of
Jueaubls ou ‘99 pue Y| yiog u|
SN
110 LNNOJI0I
'0gaoe|d :n9)
. . 92— 1=3SININ
(s1oune auy Aq papinoid jou eyep) Bw 000 :2S 01 OF SHe8M - YHQY-SAONIN 10 ELIID $8aM 25 (6102)
ISININ pue '602-SyaY ‘90S-4a9 ISININ pue ‘602 ‘6€ 01 L So3M - alp g qy 10 m_wo__mm_m SaJe]S pajun :._m "
J0 $9109s 8y} ul sdnoib ayy Buowe -Qvav ‘90S-4a9d Bw 000‘L :92 01 71 SHO9M - ’ ’ pajj01u02-0qade|d
(usw % ‘plo sJeak Jauing
89UBJaYIP BATROIIUBIS OU SBM 818y ] Bw 00G :€| 01 | SHOOM - ‘pulg-ajgnop ‘ajjesed 19y
) 6L+ 1) swelans 611
|011RI8ASAY JO Sasop Ajiep pasabbers o)
. G'€¢—¥'¢¢=asNIN
1UBWILa} JO SYIUOW 9 Ja)e uonauny
paqLI9sap Jou qy 40 syuow 9
JojowonsiA pue Alowaw [ensiA ‘abenbue) '8189] (G 102)
"0gadeld :09 BLIBIID d1ysoubelqg Sa1B]S payun
pUB UoIIUN} BAIINIAXS ‘UOOUNY BAIINISXD [eaibojoyafsdoinaN ‘e1e
*8uoAe|y0s! Aos paiind Jo Aep e Bw Q1 ;19 @V Jo sisoubeip snoirald pajjoiuo2-0gaeld
‘Alowaw [BgJan Jo S1S8) pue ISININ 8uL Ul J0 Aiayeg pue ISININ uoses|9
(usw %6t ‘plo s1eak ‘pung-sjgnop ‘[ajleJed ‘19y
sdno.b ay) Buowe aoualayIp ou Sem alay|
2'1+€'9/) syoslans 69
auiaseq 1e IS ueap uonjuaAId)uI Jo uoneIng e
sBuipuyy urew pue synsay SUORUAAIA euaLg ansoubelq aoeld _NM .
a|dwesg uonepwijaq pis

uoENuRUOY °Z AlqeL

271

Diet and cognition

Moreira et al.



Dement Neuropsychol 2020 September;14(3):258-282

10 3)NISU| [eUONEN “Wy-VIN ‘Buibew 9oueu0sal onaubew Y|\l ‘UonBUIWEXT 31BIS [BIUSIA IUIA :ISINIA ‘O
P3J0JJUO0Y PaZIWOpURY :19Y ‘PIOB JI0UBBXSBS0I0P YHQ ‘aWAzus0) D :po9 ‘18] Buiumelq %209 :1-X019 ‘dnob |01u0d :n9 ‘sexog JO wng — 8[eag Buney eiuswWwa( [eloIUN) :g0S-HaD ‘uswnnsuy| Buiusalog se|

'pasingl — 8eaS AJOWaI JBISUIIM :I-SINM ‘Buasuln ung :9s ‘sa] 195 SIees| ;39S ‘a[eas Buney uawiedw) aaubo) 819A8S :SHIDS
‘uawayddns [euoniinu [e10 :SNO ‘Alanieq 1sa] [edibojoyaksdoinap g1 N ‘UONRII0SSY SIapI0sIq Pale|ay pue aseasiq SJowWisyz]y 8y} pue 8y011g pue $IapJosi[ dAIeIIuNWWI0) pue [e9160j0Inap 40 81nyisu| [euoneN :yaday-SAININ ‘UoieIo0ssy Jawiayz|y — buiby

ub0 usLex3 Ul 203N ‘dnols Bupop [eUOITRUISIUI= L - ‘dNoJY UONUAAIa]U| D] ‘8295 UONRIOLSIQ [BAOY SO ‘PIOY dl0USBIUadLS09IT 'WdT ‘[BuL

v oAuBog 1Sy ‘uoneulwex3 Auapi3 au Jo

13pJ0siQ [ejus}y aBpLGWEA J0 8[2SANS BANUB0Y 1NNV ‘88ISqNS BAIIUBO: Wa)l- | | 8IS JUBLUSSASSY aseasIq SJawWiayz|y : | |/60o-Syqay ‘a[easqng aAnubo)-a[eag UaWSSassy aseasiq S Jawiayz)y :600-Syqy ‘aseasip sJawiayz)y :qy ‘pioy a1odi-o yy

90°L+GG°01 ‘SHaam ¢
L9°/+¥9°01 -8uljaseq
99
09°9+0°L | :SH8am
19°G+0'6 ‘auljaseq
9l
(50°0>d) abenbue
€E'C+B60Y ‘SMeaM ¢
92°¢+¥9'y ‘auljaseg
99
76°'2+9€°G ‘SHavMm ¥
11°C+60°p :euljaseg
9l
(50°0>d) uonejusiQ
“JUBWIBAJ} JO SH98M § JaYJe PaAIBSO
sem abenbue| pue uoieUSLIO Ul
uawaAoidwi ‘surewop aAubos Aq
sisheue ue uj ‘9oIINY9 Ul sabueyd ui
sdnoJb usamiag aousJaIp ou SeM aJay ]

Y00VI

"BIJUBLLBP 8I8A3S 01 P|IN
d-lI-INSQ O e8I
au} kg gv jo sisoubelq
(pjo sJeak 9’| g=abe
URSLL) UBWIOM g |

‘(8soJyxaq) ogaoe|d :n9

‘fep Jsad |oysoul Jo 6 9 :9|

(1910-$5019 JO

$)99M 1) S483M 8 15(9661)
[orJS| ‘el
pa|10)u02-0qa2e|d ‘pullq yeseg

-3|qnop 19A0-8S019 ‘1Y

TOLISONI
auljaseq e JSININ ueap uoLUaAIaJUI JO uoeIng (rean)
sBuipuly urew pue sjnsay $8WW09)N0 aAnIubon suonuanIa)u| euajug onsoubelq age|d _am o
9|dwes uoneywiag pis

uonenunuoy g sjqeL

Moreira et al.

Diet and cognition

272



three?¢?"% evaluated hypercaloric and hyperprotein
supplements with different micronutrient compositions
and one analyzed a complete dietary formula based on
lyophilized foods.?® None of them, however, found sta-
tistically significant effects on the cognitive outcomes
evaluated.

The randomization method used to allocate par-
ticipants was described in six studies (Table 3), two
of which used computer-generated block randomiza-
tion,?®®3 two had central randomization from codes,3'*?
one used sequential numbers that were kept in sealed
envelopes? and a centralized randomization stratified
by the initial body mass index.? Of the eight RCT,
two were opened?®*° and five reported blinding of re-
searchers and outcome evaluators.?”?°333 The groups
studied were comparable at baseline in seven trials.?63?
Regarding the evaluated outcomes, only one study did
not present the results of all pre-established outcomes.?
Seven of the trials reported follow-up losses,?*32 which
was greater than 10% in five studies.?®?%2%3233 Among
those with losses,??°%2 six performed ITT and one®® did
not report the type of analysis performed.

Fatty acids

Four parallel RCT***" tested the effect of fatty acid sup-
plementation alone or associated with other nutrients
on cognitive outcomes in individuals with AD. The du-
ration of interventions varied between 4 weeks and 18
months and the trials were heterogeneous in relation
to the sample size (39-582 participants per trial), dose
used, presence of vitamin E and o-lipoic acid (ALA),
composition and fatty acid content (isolated docosahex-
aenoic acid (DHA), DHA+eicosapentaenoic acid (EPA)
and mixture of d-linolenic acid with linoleic acid).

In all four studies, fatty acid supplementation result-
ed in significant improvement in part of the cognitive
parameters analyzed. Twelve-month supplementation
with 5,800 mg per day of omega-3 associated with
vitamin E in patients with mild AD was effective in
promoting a lower rate of cognitive decline on MMSE,
but only in the first six months of treatment.®® Smaller
decline on MMSE was also observed with the use of
omega-3 associated with ALA in mild AD (3,000 mg of
omega-3+600 mg of ALA per day)*” and the use of sea-
weed-derived DHA (2,000 mg per day, 45-55% of DHA)
has shown to be beneficial for patients with negative
Apoliprotein E (APOE) €4 allele, being able to reduce
the cognitive decline assessed by ADAS-cog.*

In patients with advanced AD (baseline
MMSE=7.8+3.8), the use of 2 mL per day of a formu-
lation containing a mixture of o-linolenic and linoleic

Dement Neuropsychol 2020 September;14(3):258-282 M

in a ratio of 1:4.5 combined with o-tocopherol resulted
in more reports by caregivers of improvement in the
patients’ general condition.**

Regarding methodological quality, one of the trials
used a block randomization method based on an in-
teractive voice response system with stratification by
center,*® one had computer-generated randomization
with stratification by smoking,*” and the others did not
describe the randomization method used to allocate
participants.?*3 The groups studied were comparable
at baseline in only one* of the four RCT, and one of the
remaining RCT this data was not reported.* Three tri-
als*%” showed follow-up losses, all greater than 10%. Of
these, 36 performed the ITT and one did not report the
type of analysis performed.** Regarding the evaluated
outcomes, only one study®” did not present the results
of all pre-established outcomes.

Micronutrients

Ten parallel RCT evaluated micronutrient supplemen-
tation alone or in combination compared to place-
bo?¥444647 oy pharmacological treatment.*®** There was
heterogeneity in relation to blinding (nine double-blind
and one-blind), sample size (12-613 participants per
trial), duration of intervention (16 weeks to 4 years),
assessed cognitive outcomes and nutrients used
(o-tocopherol alone,®424° B4l yitamins association,
carotenoid association,*® copper,®® coenzyme Q,* multi-
vitamin and mineral supplement,* vitamins associated
with ALA* and nutraceutical formulation containing
vitamins, minerals, and peptides).*47

In patients with mild AD (MMSE=22.2+5.1), the use
of a nutraceutical formula containing folic acid, vitamin
B12, a-tocopherol, S-adenosyl methionine, N-acetyl
cysteine, and acetyl-L-carnitine resulted in significant
improvement in the Clock Drawing Test (CLOX-1) and
the Age- and Education-adjusted Dementia Rating Scale
(DRS-AEMSS) scores compared to baseline.*” Such result
differs from the pilot RCT performed with the same for-
mulation, where no significant differences were found
between groups in DRS-2 and CLOX-1.%®

Copper orotate supplementation was also evaluated
in a group of patients with mild AD (MMSE=20-25).
Both the intervention and control groups showed an
increase in the ADAS-cog score and a reduction in
MMSE performance in relation to the baseline. These
results were statistically significant. In the comparison
between groups, the increase in ADAS-cog was smaller
in the supplemented group, indicating lower cognitive
decline. There was no difference between the groups
regarding MMSE performance.®®
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In patients with mild to severe AD, supplementation
with vitamin E alone (800 IU/day) proved to be ineffec-
tive and, for some participants, harmful. Comparing
intervention and control groups, supplement use did
not alter cognitive performance in the MMSE, CLOX-1,
and Blessed Dementia Scale. However, patients that at
the end of the intervention did not obtain a reduction
on serum oxidized glutathione levels, considered “unre-
sponsive” to treatment with vitamin E, had a significant
decline in MMSE when compared to “responsive” ones.*?

Similar results in MMSE performance were also
found with vitamin E supplementation (800 IU/day)
associated with vitamin C (500 mg/day) and ALA (900
mg/day).** Compared to the control, the supplemented
group showed a significant reduction in MMSE perfor-
mance. Paradoxically, in the same group, there was a
decline in levels of F2-isoprostane relative to baseline,
a biomarker of oxidative damage.

Of the five other studies, two compared ¢-tocoph-
erol supplementation with pharmacological treatment
(Selegiline® and Memantine®), one analyzed the effect
of methylcobalamin supplementation in combination
with multivitamin,®® one used a combination of folic acid,
vitamin B12 and pyridoxine*! and one a carotenoid sup-
plement containing mezo-zeaxanthin, lutein, and zeaxan-
thin.*8 In none of these trials, however, the results found
were significant for the cognitive parameters evaluated.

The randomization method used to allocate partici-
pants was described in eight of the ten studies. Of these,
five'®384144 yged permuted block randomization, two®%#2
were randomized using a list of random numbers, and
one*” used code randomization.

The studied groups were comparable at baseline in
seven®842444> RCT, and in two*>*"of the remainder these
data were not reported. All trials showed follow-up loss-
es greater than 10% for the most part of the studies.>**
Five studies®®**34547 performed the ITT and two did not
report the type of analysis performed.”®*¢ Regarding the
evaluated outcomes, two studies®®*’ did not present the
results of all pre-established outcomes.

Ginseng

Two open parallel trials evaluated ginseng supple-
mentation in individuals with AD.***° The duration of
interventions varied between 12 and 24 weeks and the
studies were heterogeneous in terms of sample size
(58-97 subjects), doses, and types of ginseng used.

In both trials, ginseng supplementation resulted in
significant improvement in the cognitive outcomes eval-
uated. Patients with moderate to severe AD (MMSE<20
and CDR score>1) treated with 4.5 g/d of Sun Ginseng
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(SG-135) showed significant improvement in the ADAS-
cog and MMSE after 12 and 24 weeks of supplementa-
tion.* Similar results were found with the use of 4.5 and
9.0 g/d of Korean white ginseng in a sample of patients
with mild to moderate AD. Compared to control, both
doses resulted in improvement in the MMSE and ADAS-
cog scores after 12 weeks of supplementation and such
effect was eliminated 12 weeks after discontinuation
of treatment.®

The groups studied were comparable at baseline in
both RCT. A follow-up loss of 15% was reported by one
of the trials, which performed an ITT analysis.* In the
other trial, information about follow-up losses and data
analysis method were not reported.* In both trials, the
results of all predetermined outcomes were presented.

Phytochemicals

Five parallel double-blind RCT**>* evaluated the effect of
supplementation of different phytochemicals extracted
from foods and condiments compared with place-
bo®0*1235* or pharmacological treatment.>® Of the five
trials, two evaluated the effect of turmeric at different
doses and concentrations of curcuminoids,®* one used
dried turmeric extract,> one purified soy isoflavone,>®
and another, steady doses of Resveratrol.** In none of
the trials, however, the results found were significant
for the cognitive parameters evaluated.

Heterogeneity among studies was observed in rela-
tion to sample size (34-119 subjects per trial), degree
of cognitive decline (mild to severe), duration of the
intervention (6 to 13 months), and cognitive outcomes
(ADAS-cog, CDR-SOB, MMSE, and Severe Cognitive
Impairment Rating Scale — SCIRS).

The randomization method used to allocate par-
ticipants was described in three of the five studies. Of
these, two°>** used block randomization and one*?had
randomization carried out from codes that were kept in
opaque, sealed, and sequentially numbered envelopes.

The groups studied were comparable at baseline in
four RCT.>*%2 All trials had follow-up losses greater than
10% in most studies.’*>2°* Of the five trials, two°>°3
performed ITT and one did not report the type of
analysis performed.*® As for the outcomes evaluated,
four of the five studies®®>® presented the results of all
pre-established outcomes.

Coconut oil

A parallel, double-blind, placebo-controlled RCT** eval-
uated the effect of coconut oil on the cognitive perfor-
mance of subjects with mild to moderate AD. Using the



block randomization method, 58 subjects were random-
ized to receive coconut oil or placebo. The characteristics
of the groups were similar at baseline. After 6 months of
intervention, no change was observed in the cognitive
performance assessed by MMSE and CLOX-1.

Regarding the methodological quality, the study
showed a 45% loss of follow-up, which was higher in the
intervention group due to side effects such as diarrhea
and abdominal discomfort. Data analysis was performed
per protocol and the results of all pre-established out-
comes were not presented.

Probiotics

A parallel, double-blind, placebo-controlled RCT?¢ as-
sessed the effect of probiotic supplementation onIN 60
patients with advanced AD. Using a computer program
to generate a random list, participants were randomly al-
located to receive milk with probiotics (L. Acidophilus, L.
Casei. B. Bifidum, and L. Fermentum) or placebo. After 12
weeks of intervention, the probiotic supplemented group
had a significant improvement in MMSE performance.

Regarding methodological quality, the groups were dif-
ferent at baseline in relation to some metabolic parameters
(triglyceride levels, high density lipoprotein —HDL, and
very low density lipoprotein — VLDL), but had similar
cognitive characteristics. The follow-up loss was 10% and
data were analyzed by ITT. The blinding of participants and
researchers was maintained until the analysis conclusion
and all the pre-established outcomes were reported.

Inositol

The effect of inositol supplementation was evaluated
on a double-blind, placebo-controlled crossover RCT.>”
Twelve women with mild to severe AD were randomly
allocated to receive inositol or dextrose (placebo). After
4 weeks of treatment, supplementation resulted in a
significant improvement in the orientation and lan-
guage domains assessed by the Cognitive Subscale of
Cambridge Mental Disorder of the Elderly Examination
(CAMCOG).

Regarding the methodological quality, the random-
ization method used was not reported in the study,
there was a loss of 8% follow-up and data analysis was
performed per protocol.

DISCUSSION

This systematic review aimed to evaluate the effect of
different dietary interventions on the management of
cognitive decline in AD patients.
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Our study indicates the effects of improving or
delaying cognitive decline with the use of specialized
nutritional formulas, fatty acid supplements, ginseng,
inositol probiotics. However, it is noteworthy that such
results were mostly obtained in patients with mild AD,
limited to only one part of the cognitive outcomes
evaluated and resulted from the use of associated and
not isolated nutrients in most trials, which suggests
that the observed effects may (or may not) be due to
the association of rather than a single target nutrient.

Regarding specialized oral nutritional formulations,
in the prodromal phase and in the early stages of the
disease, Fortasyn Connect (Souvenaid®), an oral sup-
plement that includes a combination of EPA, DHA,
phospholipids, uridine monophosphate, choline, sele-
nium, and vitamins B6, B12, B9, C, and E, showed good
results in the patients’ cognitive performance.

Suggested mechanisms for the effects of Fortasyn
Connect include increased bioavailability of precursors
and co-factors required for neuronal formation, main-
tenance and function, increased acetylcholine levels
and cholinergic receptors with consequent stimulation
of synaptogenesis and reduction of AP production
and neurotoxicity.”® However, despite the promising
therapeutic effect of prodromal AD, the effects of
supplementation with Fortsasyn Connect are still di-
vergent in patients with mild to moderate disease, and
further studies are needed to elucidate differences in the
outcomes and to confirm the existence of therapeutic
benefits on cognition.

The neuroprotective action of omega-3 fatty acids,
especially DHA, has been demonstrated in several in vi-
tro experiments and in animal models of AD, reinforcing
the idea that supplementation of these nutrients could
help reduce neuroinflammation and cognitive decline.®
In mouse models of AD, DHA treatment resulted in
reduced brain levels of AP, particularly B-Amyloid 42
(AB-42), the main component of amyloid plaques that
contributes to irreversible neuronal death and rapid
disease progression. Other mechanisms involved in the
action of DHA include anti-inflammatory, antioxidant,
and anti-apoptotic effects.>®

Neuroinflammation, chronic activation of glial cells
and increased production of reactive oxygen species are
involved in the pathogenesis and progression of AD. In
in vitro studies and in patients with AD, DHA admin-
istration was able to induce microglial phagocytosis
of AB-42, decrease IL-1beta, IL-6 production and the
activation of proinflammatory transcription of the nu-
clear factor Kappa B (NFkB).* In animal models of AD,
treatment with DHA has also been shown to increase
levels of antioxidant enzymes catalase and glutathione
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peroxidase, as well as to reduce oxidative damage to the
cerebral cortex and hippocampal cells.*

Oxidative stress-induced by AP deposition is primar-
ily responsible for TP hyperphosphorylation, which is
associated with neuronal damage and induction of an
apoptotic cascade.® In addition to the antioxidant ef-
fects already mentioned, DHA performance includes the
regulation of the apoptotic cascade induced by AP at the
level of lipid peroxides, conferring neuroprotection to
neuronal cells. However, the effects of DHA on cognitive
function and AD progression are absent in individuals
who possess the APOE €4 allele, which is associated with
lower DHA uptake in the brain.*®

In the three studies that evaluated the use of ome-
ga-3 in AD,***” supplementation was effective in delay-
ing cognitive decline in individuals with AD, but there
was a significant variation between studies in relation to
the doses, proportion of EPA and DHA and association
of antioxidants (only one study used DHA alone). Ad-
verse effects were also reported in the studies, including
changes in the International Normalized Ratio (INR) in
subjects taking warfarin®® and with diarrhea.®>%’

Improvement in several cognitive domains was also
observed in a study of patients with advanced stages
of the disease who were supplemented with a mixture
of o-Linolenic fatty acids and Linoleic acid.** However,
some methodological flaws of the study should be con-
sidered, including the use of an invalidated instrument
for cognitive assessment and the absence of statistical
treatment adjusting for confounding factors. Thus,
other studies with greater methodological rigor are
necessary to confirm the efficacy in the cognitive im-
provement of patients with AD.

Among micronutrient supplements, only supple-
mentation with formula containing folic acid, vitamin
B12, a-tocopherol, S-adenosyl methionine, N-acetyl
cysteine, and acetyl-L-carnitine showed positive results
in the cognitive performance of AD patients.*” In in vitro
experiments and in animal models of AD, the admin-
istration of such components has been associated with
reduced oxidative stress and decreased AP production
and TP phosphorylation.* However, such results should
be interpreted with caution due to limitations and
methodological flaws of the study.

Ginsenoside administration in AD animal models
has been shown to be associated with a neuroprotec-
tive effect and better memory performance.®® In the
two studies in this review that evaluated Ginseng
supplementation,*®*® the treated groups demonstrated
better cognitive performance in ADAS-cog and MMSE.
However, limitations in the methodological quality of
the trials do not allow us to draw a conclusion about the
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benefits found. Therefore, further studies with better
methodological quality are necessary to evaluate the
use of Ginseng supplementation in individuals with AD.

In individuals with advanced AD, supplementation
for three months of a probiotic milk containing Lacto-
bacillus acidophilus, Lactobacillus casei, Bifidobacteri-
umbifidum, and Lactobacillus fermentum resulted in
improved performance in MMSE, but the mechanisms
for this finding still need clarification.”® Thus, further
studies are needed to confirm this therapeutic potential
and to elucidate the mechanism by which probiotics
interfere with the neurodegenerative process of AD.

The use of inositol resulted in improved performance
of AD patients in orientation and language cognitive do-
mains.” However, this effect should be interpreted with
caution once it was only a small trial and the sample was
heterogeneous in relation to educational level, time of
diagnosis and phase of dementia, factors that are known
to influence cognitive performance. Therefore, further
studies are needed to confirm a possible benefit with
inositol supplementation.

Other interventions included the use of B-complex
vitamins, Copper Orate, O-tocopherol, carotenoids,
turmeric, soy isoflavones, resveratrol, and coconut oil,
but there was no evidence of benefit in cognition in
the studies.

The limitations of this review should be considered
and include the limitation of articles in English and
the impossibility of performing a meta-analysis due to
methodological differences and the limited extent of
available literature.

The strengths of this paper should also be highlight-
ed and include the search in three databases, reading of
titles and abstracts by two researchers and unlimited
search for the date of publication of the articles.

The present systematic review points out that the
effect of most dietary interventions on cognition in
AD patients is inconclusive due to limited scientific
evidence due to the poor methodological quality of the
primary studies and the reduced number of studies.
However, several nutrients associated and isolated DHA
derived from algae show potential to improve cognitive
function in AD, especially in its early stages. Thus, in a
challenging scenario with a significant increase in the
number of diagnoses of AD, better quality studies are
urgently needed to confirm the therapeutic potential of
the diet so that a dietary recommendation in AD that
contributes to the quality of life of patients and relatives
can be established.
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