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Abstract

Cognitive decline may lead to dementia whose most frequent cause is Alzheimer’s disease (AD). Among the many potential risk factors of

cognitive decline and AD, diet raises increasing interest. Most studies considered diet in the frame of a single nutrient approach with incon-

sistent results. A novel approach to examine the link between nutrition and cognitive function is the use of dietary patterns. The aim of the

present review was to update and complete the body of knowledge about dietary patterns in relationship with various cognitive outcomes

in the elderly. Two approaches can be used: a priori and a posteriori patterns. A priori patterns are defined by the adhesion to a pre-

defined healthy diet using a score such as the Mediterranean diet (MeDi) score, the Healthy Eating Index, the Canadian Healthy Eating

Index, the French National Nutrition and Health Programme (Programme National Nutrition Santé) Guideline Score (PNNS-GS), the Rec-

ommended Food Score (RFS) and Dietary Approaches to Stop Hypertension (DASH). MeDi score, RFS, PNNS-GS and DASH have been

associated with lower risks of cognitive impairment, cognitive decline, and dementia or AD. Principal components analysis, reduced

rank regression and clustering methods allow the identification of ‘healthy’ patterns associated with lower risk of cognitive decline. How-

ever, some studies did not report any associations with cognitive outcomes and results are discordant especially regarding MeDi and the

risk of dementia. Several methodological challenges should be overcome to provide a higher level of evidence supporting the develop-

ment of nutritional policies to prevent cognitive decline and AD.
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Introduction

Cognitive decline is a progressive loss of cognitive func-

tions including memory and other functions (for example,

executive function), which may lead to dementia whose

most frequent cause is Alzheimer’s disease (AD). Many

potential risk factors of cognitive decline and AD have

been investigated, but, to date, the evidence concerning

modifiable risk factors remains uncertain(1–3). Areas that

are presently considered to offer the most promising

leads include nutritional patterns such as the Mediterra-

nean diet (MeDi) or any diets high in vegetables or

n-3 PUFA(4). However, the causal link between cognitive

decline and diet has been mostly investigated in the

context of randomised clinical trials (RCT) based on a

single nutrient approach, which, to date, has given incon-

sistent results(5–8). Indeed, observational data are not con-

firmed by RCT that have administered single nutrients,

therefore raising evidence for using dietary pattern

methods. Indeed, a combination of nutrients, provided

by specific dietary patterns, may better prevent cognitive

decline than nutrients taken in isolation(9).

Dietary patterns are increasingly used in current research

to better understand the link between diet and health out-

comes. Such an approach is mainly justified by the existence,

beyond specific actions of food components, of a ‘food

matrix’ effect on biological systems, including antagonist,
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additive and synergistic effects, which is different from

specific actions of isolated food components(10–12).

Two approaches can be used to derive dietary patterns:

a priori and a posteriori. A priori patterns are defined by

the adhesion of subjects to a pre-defined ‘healthy’ diet

that can be summarised by a score. Several theoretically

derived patterns, including the MeDi score(13), or other

scores based on dietary guidelines such as the Healthy

Diet Indicator (HDI)(14), the Healthy Eating Index

(HEI)(15), the Canadian Healthy Eating Index (CHEI)(16),

the French National Nutrition and Health Programme

(Programme National Nutrition Santé) Guideline Score

(PNNS-GS)(17) and the Recommended Food Score

(RFS)(18) have been used in relation with several brain

ageing-related outcomes including cognitive impairment,

cognitive decline and AD. A posteriori or empirically

derived patterns reflect actual dietary intakes observed in

a given population, independent of any assumption on

their beneficial or harmful effects. They are obtained with

complex multidimensional exploratory statistical analyses

aiming at dimension reduction. Three methods have

been used to study the link between food patterns and

cognition: principal components analysis (PCA), reduced

rank regression (RRR) and cluster analysis. A review by

Gu & Scarmeas(9) reported associations between a priori

and a posteriori dietary patterns and cognitive outcomes

in older individuals. Since the publication of their review,

substantial findings have been published concerning var-

ious a priori defined dietary patterns including the MeDi,

PNNS-GS, HEI and CHEI and their association with cogni-

tive decline. The aim of the present review was to update

and complete the existing body of knowledge about diet-

ary patterns in relationship with various cognitive out-

comes in the elderly, emphasising the critical appraisal of

statistical methods and discussing the challenges that

future research will have to overcome in this field.

Cognitive decline and nutrition: theoretical background

A significant cognitive decline from a previous level of

functioning is one of the main diagnostic criteria for

dementia and AD. In epidemiological studies, cognitive

decline is commonly assessed on general neuropsychologi-

cal tests such as the Mini-Mental State Examination

(MMSE)(19) and its modified version (3MS)(20) which

assess global cognition function or with other neuropsy-

chometric tests assessing specific cognitive domains

(memory, attention, executive functions, etc.). AD is a

complex multifactorial disease characterised by two neuro-

pathological hallmarks: a dysfunction of the amyloid cas-

cade inducing deposition of extracellular amyloid

plaques in the brain(21,22), and hyperphosphorylation of

tau protein which forms intracellular neurofibrillary

tangles(23). In turn, these lesions lead to neurodegenera-

tion, associated with increased inflammatory mechanisms

and accruing oxidative stress(22). According to experimental

studies, nutrients could play a role in these mechanisms.

Indeed, nutrients such as n-3 PUFA have potential ben-

eficial effects against amyloidogenesis(24–28), inflammation

(with some inconsistent results)(29,30) and oxidative stress

(when given at low dosages)(31). DHA, a long-chain

n-3 PUFA, is a major component of neuron membranes

and has a biologically active role in maintaining optimal

cell membrane structure and fluidity, and also cell function

and responses(32). Moreover, n-3 PUFA may modify the

expression of genes that contribute to the regulation of

inflammatory mechanisms by activating transcription fac-

tors (such as PPAR-g)(32). In addition, antioxidant com-

pounds such as vitamins E and C, b-carotene,

polyphenols such as flavonoids, and Se also limit oxidative

stress in nervous cells(33,34). B vitamins are implicated in

the regulation of homocysteine, which has a neurotoxic

effect at high levels(35). Vitamin D has been associated

with neuroprotective, anti-inflammatory and antioxidant

effects(36). However, even if nutrients such as n-3 PUFA

seem to be a key modulator in these mechanisms accord-

ing to experimental studies on animal models, observa-

tional studies and clinical trials in human subjects remain

inconclusive regarding their effects on cognitive

decline(8,37,38). The foremost limitation of these studies

may be their inability to consider the previously mentioned

concept of a synergy between foods and nutrients(10).

Jacobs & Tapsell(12) also highlighted that we do not have

a complete knowledge of food composition and the effects

of some of its components. For instance, the n-3 PUFA EPA

and DHA are particularly vulnerable to lipid peroxidation

because of their double bonds. A diet that provides simul-

taneously EPA and DHA along with dietary intakes of anti-

oxidants and other protective nutrients including vitamins

B, C, D and E, carotenoids and polyphenols, might be

necessary to slow down neurodegeneration and the

accompanying inflammatory and pro-oxidative phenom-

ena(39). In this context, a dietary pattern approach consid-

ering the potential interactions between nutrients appears

to be especially promising in observational studies.

Cognitive function and a priori methods for dietary
pattern analysis

These patterns are based on existing knowledge of

diet–disease relationships, or on a priori criteria. Indexes

were created to assess adherence to specific dietary guide-

lines for general healthy eating habits, or to very specific

diets such as the MeDi. Further information on studies

about the relationship between cognitive decline or impair-

ment, AD and these a priori indexes is summarised in

Table 1.

The MeDi score

The MeDi is characterised by high consumption of fruits,

vegetables, legumes, cereals, fish, olive oil, and by low
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Table 1. Main studies using a priori methods in the context of cognitive decline and Alzheimer’s disease (AD)

Reference, study,
country Design

Sample
size

Mean age of the
sample at baseline
(years)

Dietary intake
assessment method

A priori dietary
pattern used

Cognitive outcome,
measurement Main results

Scarmeas et al. (2006)(47),
WHICAP, USA

Nested case–control 1984 76·3 Semi-quantitative FFQ MeDi score Incident dementia (DSM-III-R,
NINCDS-ADRDA)

Highest adherence to MeDi
associated with decreasing
risk of AD (HR 0·32; 95 %
CI 0·17, 0·59)

Adjusting for cardiovascular vari-
ables led to no modification of
the association (HR 0·31;
95 % CI 0·16, 0·58)

Scarmeas et al. (2006)(55),
WHICAP, USA

Cohort, longitudinal
Follow-up: 4 years

2258 77·2 years Semi-quantitative FFQ MeDi score Incident dementia (DSM-III-R,
NINCDS-ADRDA)

Each additional unit to MeDi
associated with less risk for
development of AD (fully
adjusted model: HR 0·91;
95 % CI 0·83, 0·98)

Highest adherence to MeDi !

decreasing risk of AD
(HR 0·60, 95 % CI 0·42, 0·87)

Psaltopoulou et al.
(2008)(49),
EPIC-Greece, Greece

Cohort, longitudinal
Follow-up: 6–13 years

732 60 þ Semi-quantitative FFQ MeDi score MMSE No statistically significant associ-
ation with MeDi but borderline
significant for higher MMSE
for one-point increase in MeDi
score (b ¼ 0·05; 95 %
CI 20·09, 0·19; P¼0·48)

Scarmeas et al. (2009)(48),
WHICAP, USA

Cohort, longitudinal
Follow-up: 4·5 years

1875 76·9 Semi-quantitative FFQ MeDi score MCI and MCI conversion to AD Highest adherence to MeDi
associated with borderline
statistical significance for
decreasing risk of MCI
(moderate stage of cognitive
decline, HR 0·72; 95 %
CI 0·52, 1·00; P¼0·05)

Highest adherence to MeDi led
to diminution of the risk of
conversion of MCI to AD
(HR 0·52; 95 % CI 0·30, 0·91)

Scarmeas et al. (2009)(46),
WHICAP, USA

Cohort, longitudinal
Follow-up: 4·5 years

1880 77·2 Semi-quantitative FFQ MeDi score Incident dementia (DSM-III-R,
NINCDS-ADRDA)

Highest adherence to MeDi
regardless of the protective
effect of physical activity
associated with decreased risk
of AD (HR 0·67; 95 % CI 0·47,
0·95)

Féart et al. (2009)(51),
3C, France

Cohort, longitudinal
Follow-up (median):

4·1 years

1410 75·9 FFQ, 24 h record MeDi score MMSE, IST (semantic verbal
fluency, speed of verbal
production), BVRT (visual
memory), FCSRT (verbal
episodic memory)

Highest MeDi scores associated
with fewer errors on MMSE
(b ¼ 20·006; 95 % CI 20·01,
20·0003; P¼0·04) and slower
cognitive decline in the whole
study sample

No statistical association with
IST, BVRT, FCRST over time
in the whole study sample
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Table 1. Continued

Reference, study,
country Design

Sample
size

Mean age of the
sample at baseline
(years)

Dietary intake
assessment method

A priori dietary
pattern used

Cognitive outcome,
measurement Main results

In the subgroup of individuals
without dementia: statistically
significant association with
global cognitive function (for
MMSE: b ¼ 20·03; 95 %
CI 20·05, 20·001; P¼0·04)
and performance on FCSRT
(b ¼ 0·21; 95 % CI 0·008,
20·41; P¼0·04) but no signifi-
cant association with IST and
BVRT

No statistically significant associ-
ation between MeDi score and
incident cases of dementia or
AD (HR 1·12; 95 % CI 0·60,
2·10; P¼0·72)

Tangney et al. (2011)(52),
CHAP, USA

Cohort, longitudinal
Follow-up: 7·6 years

3790 75·4 Semi-quantitative FFQ MeDi score Global cognitive score including:
MMSE and SDMT

MeDi score as a continuous vari-
able was statistically signifi-
cantly associated with highest
global cognitive score (less
cognitive decline, b ¼ 0·0014;
P¼0·0004)

Last tertile of MeDi score was
also associated with highest
MMSE (b ¼ 20·0171;
P¼0·0002)

Cherbuin & Anstey
(2011)(53),
PATH, Australia

Cohort, both cross-
sectional
and longitudinal
analyses

2551 62·5 Semi-quantitative FFQ MeDi score MCI diagnosis, Clinical Dementia
Rating scale, cognitive dis-
orders

No protective effect for adher-
ence to the MeDi against cog-
nitive decline (b ¼ 0·02;
P¼0·37)

Follow up: 5 years MCI statistically significantly
associated with isolated corre-
lated nutritional factors in
cross-sectional analysis com-
pared with normal subjects:
excessive energy intake
(OR 1·34; 95 % CI 1·04, 1·72;
P¼0·023) and monounsatu-
rated lipids:saturated fat ratio
(OR 5·60; 95 % CI 1·66,
18·76; P¼0·005)

Huijbregts et al. (1998)(56),
Seven Countries Study,
Finland

Cross-sectional 1095 75·1 (East Finland)
to 77·8 (Italy)

Cross-check dietary
history

HDI MMSE (cut-off: , 23 ¼ MCI) Highest HDI associated with
decreased risk of presenting
cognitive impairment
measured with MMSE, fully
adjusted models in pooled
cohorts (OR 0·87; 95 %
CI 0·77, 0·99)

Effects not consistent in all the
cohorts

Corrêa Leite et al.
(2001)(57),
Pavia, Italy

Cross-sectional 1651 76·7 Quantitative FFQ HDI Neuropsychological test: exten-
sion of MMSE. Cut-offs: $ 53,
normal cognitive; 40–52, mild
cognitive deficit; 24–39, mod-
erate cognitive deficit; # 23,
severe deficit

Per one-unit increase of HDI: OR
0·85; 95 % CI 0·77, 0·93 in
fully adjusted models
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Table 1. Continued

Reference, study,
country Design

Sample
size

Mean age of the
sample at baseline
(years)

Dietary intake
assessment method

A priori dietary
pattern used

Cognitive outcome,
measurement Main results

Tangney et al. (2011)(52),
CHAP, USA

Cohort, longitudinal
Follow-up: 7·6 years

3790 75·4 Semi-quantitative FFQ HEI-2005 Global cognitive score including:
MMSE and SDMT

No statistical association
between HEI-2005 score and
cognitive change (b ¼ 0·0002;
P¼0·214)

Wengreen et al. (2009)(61),
Cache County, USA

Cross-sectional
analysis

Follow-up: 11 years

3634 Range 73·8–75·6
depending on
quartile of RFS

FFQ RFS and
non-RFS

3MS At baseline: higher MMSE in 4th
quartile of RFS

11-year follow up: less decline in
4th quartile of MMSE (quartile
4, mean 23·41 (SD 0·79);
quartile 1, mean 25·15
(SD 0·69))

No statistical association with
non-RFS

Shatenstein et al. (2012)(16),
NuAge, Canada

Cohort
Longitudinal 4-year

follow-up

1488 74·1 for men and
74·4 for women

FFQ CHEI 3MS No association between CHEI
and cognitive decline over
time (b ¼ 20·001; P¼0·336)

Kesse-Guyot et al.
(2011)(59),
SU.VI.MAX 2, France

Cross-sectional
analysis

2135 52·6 24 h record (PNNS-GS) Battery of neurocognitive tests
Principal components analysis to

provide summary scores that
accounted for correlations
among cognitive tests

In fully adjusted models: increase
in PNNS-GS statistically sig-
nificantly associated with
higher episodic memory
(b ¼ 0·38; P,0·05), semantic
verbal fluency (b ¼ 0·27;
P,0·05) and phonemic flu-
ency (b ¼ 0·25; P,0·05)

Potential beneficial effect of mid-
life compliance with nutritional
guidelines on verbal memory,
a cognitive domain particularly
vulnerable to dementia

Smith et al. (2010)(67),
DASH, USA

RCT (4 months
follow-up)

124 52·3 N/A DASH diet Battery of neurocognitive tests
for executive function, memory
and learning (six tests) and
psychomotor speed (two tests)

DASH diet þ weight manage-
ment: greater improvement in
executive function, memory
and learning (Cohen’s
d ¼ 0·562; P¼0·008) and psy-
chomotor speed (Cohen’s
d ¼ 0·480; P¼0·023)

DASH diet alone: better psycho-
motor speed (Cohen’s
d ¼ 0·440; P¼0·036)

WHICAP, Washington Heights-Inwood Columbia Aging project, MeDi, Mediterranean diet; DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, third edition revised; NINCDS-ADRDA, National Institute of Neurological
and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association; HR, hazard ratio; EPIC, European Prospective Investigation into Cancer and Nutrition; MMSE, Mini-Mental State Examin-
ation; MCI, mild cognitive impairment; 3C, Three-City; IST, Isaacs Set Test; BVRT, Benton Visual Retention Test; FCSRT, Free and Cued Selective Reminding Test; CHAP, Chicago Health and Aging Project; SDMT, Symbol Digit
Modalities Test; PATH, Personality and Total Health Through Life Project; HDI, Healthy Diet Indicator; HEI-2005, Healthy Eating Index-2005; RFS, Recommended Food Score; 3MS, Modified Mini-Mental State; NuAge, Québec
Longitudinal Study on Nutrition and Successful Aging; CHEI, Canadian Healthy Eating Index; SU.VI.MAX 2, SUpplémentation en VItamines et Minéraux Anti-oXydants (Supplementation with Antioxidant Vitamins and Minerals);
PNNS-GS, French National Nutrition and Health Programme (Programme National Nutrition Santé) Guideline Score; DASH, Dietary Approaches to Stop Hypertension, RCT, randomised clinical trial; N/A, not applicable.
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consumption of meat and dairy products with a moderate

consumption of wine(40–42). The MeDi provides essential

nutrient-rich foods, which could also be associated with

protection against cognitive decline such as fruits and veg-

etables, fish, MUFA, PUFA and moderate wine consump-

tion. Indeed, two recent reviews suggested that the MeDi

could be associated with protective effects in pre-dementia

and dementia syndromes(43,44). Several MeDi scores have

been proposed to evaluate the adherence to a MeDi-

type. They have been modified and adapted to populations

or hypotheses since the original version from Trichopoulou

et al. in 1995(13,42,45).

For presumed beneficial food components (fruits and

vegetables, olive oil or MUFA:SFA ratio, legumes, cereals,

and fish), the MeDi score is computed with a value of 1

assigned to a subject whose consumption of the food

group is above the sex-specific median of the population,

and 0 if not. On the contrary, for meat and dairy products

considered as detrimental: a score of 0 is assigned to a sub-

ject whose consumption is above the sex-specific median,

and 1 if not. For alcohol or wine, a ‘moderate consumption’

is given a value of 1. The MeDi score is the sum of these

‘beneficial’ and ‘detrimental’ components and usually

ranges between 0 and 9. A higher MeDi score means

higher adherence to a MeDi.

The MeDi score is the most frequently used a priori

index in the context of cognitive decline or cognitive

impairment. To our knowledge, only seven studies investi-

gated this relationship, based on various subsets of five

different epidemiological studies in the USA, France,

Greece and Australia (Table 1). Scarmeas et al.(46) were

the first to report from the Washington Heights-Inwood

Columbia Aging project (WHICAP), a prospective study

of subjects aged $ 65 years at baseline, that those in the

highest MeDi score tertile had a 40 % reduced risk for inci-

dent AD compared with subjects in the lowest one (hazard

ratio 0·60; 95 % CI 0·42, 0·87). In addition, they found a

reduced risk for AD in a case–control study investigating

the association between the MeDi score and the prevalence

of AD at WHICAP baseline. Compared with the subjects in

the lowest MeDi score tertile, those in the highest tertile

had a lower risk of having AD (OR 0·32; 95 % CI 0·17,

0·59)(47). However, this cross-sectional study is particularly

prone to reverse causality, i.e. subjects with AD may have

modified their diet as a consequence of their cognitive pro-

blems. Borderline decreased risk of mild cognitive impair-

ment (MCI) for subjects in the middle and higher MeDi

score tertiles compared with the lowest tertile were also

observed in a subsample of the prospective WHICAP anal-

ysis (middle tertile: hazard ratio 0·83, 95 % CI 0·62, 1·12;

higher tertile: hazard ratio 0·72, 95 % CI 0·52, 1·00; p for

trend ¼ 0·05 as compared with the lowest tertile)(48). In

Europe, Psaltopoulou et al.(49) using data from the Euro-

pean Prospective Investigation into Cancer and Nutrition

(EPIC)-Greece cohort (subjects $ 60 years at baseline)

found no association between MMSE score and MeDi

adherence over time, but evidence of an inverse associ-

ation between consumption of PUFA and seed oils and

lower MMSE performances 6 to 12 years later, although

no MMSE baseline measure was available. In the Three-

City (3C) cohort study (subjects $ 65 years at baseline),

Féart et al.(50,51) found that subjects with higher MeDi

scores had a lower decline in MMSE performances over

time (P¼0·04) while no association was observed with

the evolution of verbal episodic memory, immediate

visual memory, semantic verbal fluency or with risk of inci-

dent AD during the follow-up.

Based on a sample of the Chicago Health and Aging Pro-

ject (CHAP) cohort (subjects $ 65 years at baseline), Tang-

ney et al.(52) found that the MeDi score either as a

continuous variable, or its highest tertile, was significantly

associated with lower decline of global cognitive function

over time (P¼0·0009). A similar statistically significant

association was observed when only wine was considered

in the computation of the MeDi score (P¼0·0004), instead

of total alcohol beverages.

Finally, a recent report from the Personality and Total

Health (PATH) Through Life Project in Australia (60–64

years at baseline) showed no statistically significant associ-

ation of adherence to the MeDi and cognitive decline

(P¼0·37)(53).

Given the present available published data, there exist

some clues that the MeDi has protective effects against cog-

nitive decline or dementia but results remain inconclusive

so far (for recent reviews, see Gu & Scarmeas(9), Sofi

et al.(41), Solfrizzi et al.(44), Féart et al.(51) and Barnes(54)).

Methodological aspects partly explain these inconsisten-

cies. Notably, the internal validity of the MeDi score

could be questioned, given that two individuals with the

same score may have different diets. Moreover, a major

limitation to its external validity is that the MeDi score is

based on the study sample medians, which vary across

studies and thus can reflect different dietary intakes. For

example, low vegetable consumers in France can be con-

sidered as high consumers in the USA(51). In addition, the

MeDi score does not take into account the amount of

foods actually consumed but only their ranking relative to

the sample median. Hence, a similar MeDi score does not

correspond to identical quantities of foods across studies.

Second, food intakes are measured using different

methods in the studies, more or less influencing the pre-

cision of the estimation. For example, Scarmeas et al.(55)

used a semi-quantitative FFQ(55) for estimation of quan-

tities of nutrients whereas Féart et al.(50) used both a quali-

tative FFQ for food groups and a 24 h recall for the

MUFA:SFA ratio and estimation of total energy intake.

Other adaptations of the MeDi score may also limit the

comparability between studies. For example, both the

3C and WHICAP studies used the ratio of MUFA:SFA

intakes instead of the consumption of olive oil originally

proposed(51,55). The item concerning moderate alcohol

consumption is also very specific to each study.
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For example, in the French 3C study the investigators

defined a moderate consumption as having a consumption

of glasses of alcohol in the second quartile of distribution

of total alcohol consumption in this population(50),

whereas in the US WHICAP study, a moderate consump-

tion was a range of 0–30 g alcohol per d(47). Moreover,

the alcohol item was computed based on wine only in

some studies, as suggested in the original Mediterranean

pyramid of food groups, whereas other studies considered

all alcoholic beverages as in the original definition of the

MeDi score(42). For example, in the CHAP study, the

MeDi score was computed based on wine only, due to

strong hypotheses on benefits of resveratrol found in

wine but not in other alcoholic beverages(52).

Finally, another limitation of the MeDi score is the con-

sideration of dichotomous (beneficial v. detrimental) food

groups, without weights assigned to the different food

groups, assuming equal effects of each component in the

quality of the diet. This is an uncertain hypothesis

making the score based on strong a priori criteria.

Healthy diet guidelines-based scores

Healthy Diet Indicator. The HDI score is based on inter-

national dietary guidelines for the prevention of chronic

diseases defined by the WHO in 1990(14). The HDI

ranges from 0 to 9 with a one-point rise for adherence to

each of the following food group or nutrient WHO guide-

line criteria: SFA; PUFA; protein; complex carbohydrates;

dietary fibres; fruits and vegetables; pulses, nuts and

seeds; mono- and disaccharides; cholesterol. A higher

HDI reflects a diet closer to the WHO dietary guidelines.

To date, the HDI has been studied in the context of cog-

nitive impairment in two cross-sectional studies. First,

Huijbregts et al.(56) reported in the Seven Countries Study

(subjects’ age range 70–91 years) a borderline statistically

significant association with lower risk of cognitive impair-

ment (defined as MMSE , 23) in subjects with a high

HDI score. However, depending on the country, results

remain inconsistent in this study: only one cohort

(Crevalcore, Italy) out of five assessed in this analysis

found a statistically significant protective association

against impairment of cognitive function after adjustment

(OR 0·75; 95 % CI 0·58, 0·97). Second, in another cohort

study from Pavia, Italy (subjects $ 65 years), an inverse

association between higher HDI score and cognitive

decline (OR 0·85; 95 % CI 0·77, 0·88) measured by the neu-

ropsychological test, an extended version of the MMSE has

been reported(57).

Healthy Eating Index and Canadian Healthy Eating

Index. The HEI 2005 is composed of twelve items reflect-

ing diet quality according to 2005 Dietary Guidelines for

Americans by sex and age(15). Most of these guidelines

are on a density basis, that is to say, a ratio to total

energy intake. The score ranges between 0 and 100; a

higher HEI reflects a diet that follows American guidelines

for healthy eating better. Each item of the HEI is pro-

portional to the extent to which the dietary guidelines

are met. In the CHAP study, Tangney et al.(52) did not

find any relationship between this index and cognitive per-

formances at baseline or with cognitive decline over time.

The CHEI proposed in 2005 is a nine-item score based

on a computation similar to HEI 2005, but using the Cana-

dian Dietary Guidelines(58). The score also ranges between

0 and 100; a higher CHEI reflects a diet that follows Cana-

dian guidelines for a healthy eating better. In the Québec

Longitudinal Study on Nutrition and Successful Aging,

Commonly known as ‘NuAge’, Shatenstein et al.(16) did

not report any statistically significant association between

CHEI and cognitive decline.

French National Nutrition and Health Programme

(Programme National Nutrition Santé) Guideline Score.

The PNNS-GS is composed of thirteen items with positive

and negative scoring depending on the guideline. It includes

twelve food guideline items and one physical activity item

and ranges from 0 to 15. A higher PNNS-GS reflects good

adherence to French food and physical activity guidelines

for healthy living. Items are not dichotomous, but integrate

a lower cut-off, intermediates values, and an upper bound-

ary that allow some degree of moderation in rating the

adherence to the guideline(17). A study(59) based on the SUp-

plémentation en VItamines et Minéraux Anti-oXydants (Sup-

plementation with Antioxidant Vitamins and Minerals;

SU.VI.MAX) cohort (45–60 years at baseline) highlighted

that a higher PNNS-GS was associated with higher perform-

ance in several cognitive domains 13 years later. Indeed, stat-

istically significant associations were observed with higher

performance in episodic memory (P,0·05), phonemic flu-

ency (P,0·05) and semantic verbal fluency (P,0·05) for

higher PNNS-GS, while no statistically significant association

with working memory and mental flexibility was

observed(59). However, since no baseline measurement of

cognitive function was available, this study could not ascer-

tain the link with cognitive decline.

Recommended and non-recommended Food Scores.

The RFS was initially developed by Kant et al.(18) as a

measurement of the variety of the diet according to 2005

Dietary Guidelines for Americans(18). Other versions have

been developed(60) with a variation of the number of food

items in the score but its computation remains based on

assigning one point for a frequency of consumption above

the recommendation, and 0 if not, with unweighted food

items. Besides RFS, Kant et al.(18) also developed a non-

RFS score with one point for consumption above a cut-off

frequency value for non-recommended highly processed

and energy-dense foods (for example, processed meats,

French fries and chips, sweets). A higher RFS means a

higher diversity in the diet whereas a higher non-RFS reflects

poor quality of the diet.

The RFS has been associated with cognitive decline in

the Cache County Study (mean age range 73·8–75·6

depending on RFS quartile)(61). A higher RFS was
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associated with higher mean 3MS scores (mean 3MS scores:

first quartile of RFS ¼ 90·4, last quartile of RFS ¼ 91·6,

P,0·001) at baseline and lower cognitive decline when

adjusted for many confounders. In the same study, the

non-RFS was not associated with cognitive decline. To

our knowledge, there are no publications using other

versions of the RFS to assess relationships between variety

of the diet and cognitive decline.

General strengths and limitations of a priori methods

As previously mentioned, a priori scores are easy to com-

pute and reflect the adherence to specific dietary patterns

or guidelines. In their review, Román-Viñas et al.(62)

reported the good validity and reproducibility of the HEI

score, underlining the adequacy between this index and

several nutrient intakes.

Even if a priori scores seem to be associated with cogni-

tive outcomes in the aforementioned studies, these results

should be interpreted with caution because of some meth-

odological limitations. First, although the computation of

the scores is intended to summarise previous scientific

knowledge on separate food groups or on observed diet-

ary patterns, subjective choices are sometimes necessary

(for example, cut-off choices, foods gathering in items).

A priori indexes are also based on the current knowledge

on what a healthy diet is, for example fish was not con-

sidered in the first version of the HEI(15) and MeDi

score(13). HDI and MeDi scores are also trying to evaluate

the effects of detrimental foods. Because of the limited

knowledge about potentially detrimental effects of food

on cognitive decline, current indexes do not deal with

components that have been recently revealed as having

damaging effects for many health problems such as

trans-fatty acids(63). These evolutions in the diet may

have an effect on current ageing populations and should

be considered in future studies. Moreover, using these

indexes in further studies would help to test the efficacy

of adherence to established guidelines (for example,

HDI, HEI, CHEI, PNNS-GS) on brain ageing which is of

major importance from a public health point of view.

This is why researchers are developing new approaches

to identify these changing dietary patterns(64).

Second, these indexes do not capture all the complexity

of the ‘food matrix’ which constitutes the rationale of

studying the relationships between dietary patterns and

health outcomes. Most of these dietary indexes were

built to estimate adherence to a specific diet and did not

account for the full diet. As reported by Waijers et al.(65)

it is not plausible that all components of the index have

the same health impact, especially because they were not

developed in regards with the impact on cognitive out-

comes. Indeed, some of the scores included different com-

ponents that were not reported in association with

cognition (for example, HEI score has Na and total grain

items that have never been found to be associated with

cognitive decline).

Finally, few clues about how to weight the food groups

or guidelines have been proposed. Only computing of the

PNNS-GS allows a range of values for the items but their

validation is missing.

Perspectives with a priori scores in relationship with
cognitive decline

Researchers have tried several ways to improve the indexes

before testing associations with cognitive decline: updating

scores with new guidelines (for example, 2005 version of

the HEI); modifying them according to new hypotheses

(for example, later inclusion of fish consumption in the

HEI and MeDi) or population specificities (for example,

choice of a population-based cut-off value for alcohol con-

sumption item to compute the MeDi score in the French

population(50)). These modified scores remain poorly

associated with cognition.

Another perspective is the development of RCT testing

the impact of a specific dietary programme on the evol-

ution of cognitive decline. To date, only one dietary pro-

gramme was evaluated in an RCT with the investigation

of the evolution of cognitive function as an outcome: the

Dietary Approaches to Stop Hypertension (DASH). The

DASH diet was proposed in 1999 to prevent hyperten-

sion(66). This diet is supposed to provide recommended

amounts of essential nutrients such as fibres, K, Ca and

Mg and limited intakes of salt and saturated fats. This

diet is composed of grain and grain products, fruits, veg-

etables, low-fat or non-fat dairy foods, lean meats, fish,

poultry, nuts, seeds and legumes, and a limited consump-

tion of fats and refined sugar-rich foods. Smith et al.(67)

found in a very specific population of overweight individ-

uals (middle-aged subjects) that the DASH diet combined

with a behavioural weight-management programme

improved both function memory learning (P¼0·008) and

psychomotor speed (P¼0·023) after a 4-month interven-

tion, compared with controls following their usual diet.

The dietary programme alone enhanced only psychomotor

speed (P¼0·036). The authors admitted that this interven-

tion only lasted 4 months; thus, both the extent to which

these improvements could be maintained and the clinical

significance of their results is unknown.

A 4-week RCT compared the effects of two different

diets on insulin and lipid metabolism, cerebrospinal fluid

markers of AD, and cognition in healthy subjects and sub-

jects with amnestic MCI, aged on average 68 years(68). The

two diets were the high-saturated fat/high-glycaemic index

(HIGH) diet (45 % fat with 25 % saturated fat, 35–40 %

carbohydrates with glycaemic index . 70 and 15–20 %

protein) compared with a low-saturated fat/low-glycaemic

index (LOW) diet (25 % fat with 7 % saturated fat, 55–60 %

carbohydrates with glycaemic index , 55 and 15–20 %

protein). This short modification of the diet succeeded in
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highlighting that delayed visual memory, a hallmark

cognitive deficit in amnestic MCI and AD, was improved

with the LOW diet.

Further RCT and longitudinal studies with longer follow-

up with the MeDi and other previously mentioned diet

scores such as the HDI, HEI, CHEI or PNNS-GS should

help to reach a higher level of evidence in their association

with cognitive decline in older individuals. However, such

RCT involve long-term changes in the diet of older individ-

uals which is complicated, expensive to undertake and

maybe not be feasible. More convincing results from obser-

vational studies identifying specific dietary patterns associ-

ated with lower cognitive decline are needed to encourage

the implementation of these RCT.

Cognitive function and a posteriori methods for dietary
pattern analysis

A posteriori dietary patterns also called empirically derived

or exploratory dietary patterns have the main advantage of

being data-driven, and, thus, not depending on previous

hypotheses and being limited by current knowledge in

nutrition. Few studies have examined the link between

these patterns and cognitive decline. Further information

about the studies quoted in this section is listed in Table 2.

Principal components analysis

PCA is a dimension-reduction technique widely used in

factor analysis applied in nutritional epidemiology. Highly

correlated food variables are summarised by principal com-

ponents, uncorrelated linear combinations of weighted

observed variables (for example, eigenvectors) derived

under the constraint of explaining a maximal amount of

the variance (for example, eigenvalue) in the data. This

choice of factor analysis is based on the selection of the prin-

cipal components according to their eigenvalues, but also

the interpretability of the factors and the percentage of var-

iance explained by those factors. The factor loading rep-

resents the correlation coefficient between the food

variable and a principal component. A principal component

score for each pattern is then calculated for a given subject

by summing his/her intakes of foods weighted by the coeffi-

cient for this food in the factor. An orthogonal rotation

(varimax is the most common one) is often used to achieve

a simpler structure, to help the interpretability by discrimi-

nating factor loadings(69–71). In the case of food patterns,

when a factor is heavily loaded with foods or nutrients, it

means that these components of the diet are significantly

qualifying it. For a given individual, the highest a factor pat-

tern score is, the closer the diet of this individual matches this

pattern.

In a cross-sectional analysis from the Whitehall II study

(participants about 60 years of age), two dietary patterns

were identified and further related to cognitive perform-

ances: a ‘whole food’ pattern characterised by higher

factor loadings for vegetables and fruits and the ‘processed

food’ pattern characterised by higher factor loadings for

high-fat and processed foods. The highest tertile of the pro-

cessed pattern was associated with higher risks of cognitive

impairment in vocabulary (OR 1·63; 95 % CI 1·25, 2·13) and

phonemic fluency (OR 1·34; 95 % CI 1·04, 1·74). In contrast,

protective associations were observed between the ‘whole

food’ pattern and vocabulary (OR 0·75; 95 % CI 0·60, 0·92)

and semantic fluency (OR 0·72; 95 % CI 0·59, 0·88)(72). To

the best of our knowledge, this is the only study using

PCA in the field of cognitive impairment and no studies

have been conducted in older individuals. Moreover, the

findings are limited by the cross-sectional design.

Clustering methods

Cluster analysis is a classification technique enabling the

grouping of subjects into homogeneous non-overlapping

groups, based on their similarities in a particular set of vari-

ables(73,74). In the nutrition context, clustering results in

grouping subjects in a similar pattern of mean food

intake. The k-means and Ward’s clustering are two exten-

sively used cluster analysis methods in nutritional epide-

miology(74). Clustering methods allow dividing subjects

into clusters that minimise the sum of squares distances

from each subject to the cluster mean. In dietary pattern

approaches, each cluster can then be qualified as a food

pattern. The main limitation of the k-means cluster analysis

is that it involves the a priori definition of the number of

clusters. Another limitation is that it is very sensitive to

small changes in the sample, potentially questioning its rel-

evance, although methods have been developed to test the

reliability(74–80).

To overcome this limitation, in the 3C study, Samieri

et al.(75) applied a mixed clustering method that uses both

k-means and Ward’s methods to increase the stability of

the groups. The first step of this hybrid clustering is a

k-means clustering procedure that groups subjects into

exclusive clusters based on Euclidian distance of obser-

vations from the cluster centroid in an iterative process. In

a second step, the Ward’s hierarchical clustering procedure

is performed on stable groups. This process allows con-

structing a tree that can be cut to a level corresponding to

validated criteria and to obtain clusters. A third consolidation

step is finally performed involving a last k-means partition.

Overall, five clusters or dietary patterns were obtained: the

first three – ‘small eaters’, ‘biscuits and snacking’ and a

‘healthy’ pattern – were similar in men and women. Two

other patterns were more sex specific: a ‘charcuterie meat

and alcohol’ pattern in men, v. a ‘charcuterie and starch

foods’ pattern in women; a ‘pasta eaters’ pattern in men

v. a ‘pizza and sandwich’ pattern in women. In both sexes,

mean MMSE score was higher for individuals in the ‘healthy’

pattern (for men: mean MMSE ¼ 27·8, P¼0·04; and for

women: mean MMSE ¼ 27·6, P¼0·004 in multivariate

models). MMSE was lower in the ‘biscuits and snacking’
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Table 2. Main studies using a posteriori methods in the context of cognitive decline and Alzheimer’s disease (AD)

Reference, study country Design

Sample

size

Mean age of the

sample at baseline

A posteriori dietary

pattern used

Dietary intake

assessment

method

Cognitive

outcome,

measurement Main results

Samieri et al. (2008)(75),

3C, France

Cross-sectional 1724 76·5–78·5 years,

depending on

clusters

Cluster FFQ MMSE Mean MMSE score higher for individuals in the

‘healthy’ pattern, and lower in the ‘biscuits and

snacking’ cluster (for men P¼0·06 and for

women P¼0·002)

Fewer errors for MMSE test for individuals in the

‘healthy’ cluster: statistically significant associ-

ation reported in multivariate regression in both

groups of sexes (for men P¼0·04 and for

women P¼0·004)

Akbaraly et al. (2009)(72),

Whitehall II study, England

Cross-sectional 4693 60·7–61·3 years

‘whole food’ pattern

Principal

components

analysis

Semi-quantitative

FFQ

Five cognitive domains

tested: memory, reason-

ing, vocabulary test, pho-

nemic fluency, semantic

fluency

The ‘whole food’ pattern was significantly associ-

ated with lower risks of vocabulary (3rd tertile

of the pattern v. 1st tertile: OR 0·78; 95 %

CI 0·63, 0·92) and semantic fluency deficits

(3rd tertile of the pattern v. 1st tertile: OR 0·72;

95 % CI 0·59, 0·88) in fully adjusted models

60·9–61·2 years

‘processed food’

pattern

The ‘processed food’ pattern was significantly

associated with higher risks of vocabulary

(3rd tertile of the pattern v. 1st tertile: OR 1·63;

95 % CI 1·25, 2·13) and phonemic fluency

deficits (3rd tertile of the pattern v. 1st tertile:

OR 1·34; 95 % CI 1·04, 1·74) in fully adjusted

models

Gu et al. (2010)(92)y,

WHICAP, USA

Cohort (longitudinal)

Follow up: 4 years

2148 77·2 years Reduced rank

regression

Semi-quantitative

FFQ

Incident dementia

(DSM-III-R,

NINCDS-ADRDA)

One of the dietary patterns (DP2) was signifi-

cantly associated with lower AD risk (3rd tertile

v. 1st: HR 0·62; 95 % CI 0·43, 0·89) in fully

adjusted models

3C, Three-City; MMSE, Mini-Mental State Examination; WHICAP, Washington Heights-Inwood Columbia Aging project; DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, third edition revised; NINCDS-ADRDA,
National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association; HR, hazard ratio.
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cluster for women (mean MMSE ¼ 26·6, P¼0·03 in univari-

ate analysis) but this association became non-significant in

multivariate regression stratified by sex(75). To our knowl-

edge, there is no other example of implementation of this

method in the field of nutrition and cognition.

Reduced rank regression

Exploratory methods such as PCA and cluster analysis do

not use prior knowledge of the diet–disease relationship,

thus ignoring key nutrients that are likely to be implied

in the physiopathology. RRR, a semi-exploratory statistical

method close to PCA, was recently applied to nutritional

epidemiology(81) to derive patterns of food intake that

focus on the variability of these key nutrients.

RRR determines linear functions of a first set of variables

called predictors (typically, food groups) by maximising

the explained variation of a set of response variables (nutri-

ents, or biomarkers)(81). It starts from a linear function of

responses called response score (obtained by PCA), which

is projected onto the space of predictors to produce a

factor score, a linear function of predictors. As in PCA anal-

ysis, a score for each pattern is then calculated for a given

subject. The resulting factor scores can be interpreted as diet-

ary patterns and are further related to health outcomes.

RRR has already allowed the identification of patterns

associated with diabetes mellitus(82) and other chronic dis-

eases(83–91). To our knowledge, only one study from the

WHICAP cohort used RRR in the context of cognitive

decline. The authors identified seven different empirically

derived dietary patterns with this technique. One of them

was significantly associated with a lower risk of AD

(hazard ratio 0·62; 95 % CI 0·43, 0·89 for the highest tertile

of dietary pattern score compared with the lowest one)(92).

The pattern reflected higher intakes of n-3 and n-6 PUFA,

vitamin E and folate with a higher consumption of salad

dressing, nuts, fish, tomatoes, poultry, cruciferous veg-

etables, fruits and dark green leafy vegetables and lower

intakes of high-fat dairy products, red meat, organ meat

and butter.

General strengths and limitations of a posteriori dietary
patterns

The main advantage of the a posteriori methods is that they

allow taking into account complex correlations of the ‘food

matrix’. Another interesting aspect of these methods is that

contrary to a priori indexes, they are not hypothesis-driven

choices. Both cluster analysis and PCA in a same study

sample can identify dietary patterns which are very similar

in terms of consumption of nutrients, thus reflecting a good

internal validity, as discussed by Román-Viñas et al.(62) but

to our knowledge there are no such comparisons in the

context of cognitive decline.

A first limitation is that empirically derived patterns are

supposed to reflect food behaviour as close as possible

to reality in the study sample. This questions their

reproducibility: even when performing these analyses

with a same methodology in different epidemiological

studies, the final structure of identified patterns depends

on the sample and limits comparisons between studies.

Moreover, even if it is a general limitation of many analyses

in nutritional epidemiology, it has been demonstrated that

these methods, especially PCA, are sensitive to the type of

collected nutritional information. In a Greek study, the

authors derived patterns from both FFQ and a 3 d

diary(93). For instance, four major components derived

using PCA from the FFQ explained 35 % of the diet vari-

ation whereas 29 % of the diet variation was explained

by four components derived from the 3 d diary.

Another limitation of the a posteriori patterns is that they

are based on underlying complex statistical analyses that

require good skills in multidimensional methods. The

investigators must be able to select a limited number of

components that summarise the best underlying food pat-

terns, increasing subjectivity. These exploratory analyses

are also influenced by the authors’ subjective choices to

decide how many foods or nutrients to enter into the

PCA or creating food groups to gather marginal consump-

tion of some foods.

Finally, authors choose specific labels for the patterns

based on their own interpretation. This is why it is important

to know the description of food consumption characterising

the patterns. For example, exploratory analyses in two

different populations may allow the identification of a

‘healthy’ labelled pattern that may yield distinct food con-

sumptions in each study as highlighted by Slattery et al.(94),

thus questioning their external validity. In particular, the

amount and quality of food labelled as ‘healthy diet’ are

influenced by culture and geography. For example, a

healthy diet in the 3C study in France may be different

from the ‘whole food’ pattern of the Whitehall II Study in

England but both have a protective association against cog-

nitive decline. It is not possible to assess their external val-

idity because there is no information about the mean

amount of food consumption in these two populations.

Detailed information about the diet is needed to validate

these patterns. It is obvious that there are not enough studies

with empirically derived patterns to provide evidence of

their association with cognitive decline but the first results

are promising and further investigations are required.

Perspectives with a posteriori approaches in relationship
with cognitive decline

There is an element of subjectivity in the interpretation of a

posteriori patterns. Further analysis to assess their validity is

required. In the context of cognitive decline, little infor-

mation is given about nutrient profiles or description of

the consumption of each food group in the derived pat-

terns. Another perspective uses several exploratory

approaches in the same sample to derive patterns allowing
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comparisons and testing internal validity. For instance,

Smith et al.(74) in a UK cohort of children used both cluster

analysis and PCA to identify dietary patterns. They

observed similarities between the patterns derived by the

two methods in the consumption of food but also in socio-

demographic characteristics while no association with

health outcomes was reported. To our knowledge, using

several exploratory analyses to derive food patterns and

investigation of their association with cognitive decline

has never been performed.

As PCA and RRR are mainly exploratory analyses, subjec-

tivity remains in the choice of the parameters such as

rotation method or number of components finally selected.

Further research in the context of cognitive decline,

dementia and AD is needed to assess reproducibility of

results.

General limitations in the investigation of the link
between food and cognitive function in older individuals

Diversity of cognitive outcomes

Various cognitive outcomes can be considered when study-

ing the relationship between cognitive function and dietary

patterns in older individuals. For example, in studies focus-

ing on a priori scores, the outcomes considered were

global cognitive function, specific cognitive domains, inci-

dent cases of dementia and MCI cases and their conversion

to dementia. Moreover, a similar outcome can be evaluated

with different psychometric tests: Féart et al.(50) used the

MMSE to assess global cognitive function but also other

neuropsychological tests specific of cognitive domains in

relationship with the MeDi, whereas Tangney et al.(52)

averaged MMSE and Symbol Digit Modalities Test

z-scores. In a posteriori analyses three different outcomes

were considered: global cognitive function (MMSE), iso-

lated cognitive domains and incident cases of AD, adding

complexity in both interpretation and comparisons

between studies due to previously discussed methodologi-

cal issues combined with this diversity of cognitive

outcomes.

Strengths and limitations of dietary assessment methods

Most studies focusing on dietary patterns and cognitive

outcomes used FFQ. These tools reflect food consumption

patterns over time and neglect capturing rarely consumed

foods. Most FFQ used in the studies reported in Tables 1

and 2 were quantitative or semi-quantitative, allowing

good estimation of portion sizes, whereas the studies of

Féart et al.(50) and Samieri et al.(75) did not allow this esti-

mation thus limiting comparability of consumption within

subgroups of subjects.

In the context of impaired cognitive function in the

elderly, the accuracy of nutrient intake estimation by a

FFQ has been assessed by Bowman et al.(95) in a sample

of thirty-eight subjects (mean age 74 years). They com-

pared the reliability and validity of FFQ using correlations

between nutrients estimated by their questionnaire and

plasma nutrients in individuals with and without MCI.

Accounting for their small sample size, they concluded

that memory state could influence the validity of FFQ.

After stratifying by cognitive diagnosis, in the subsample

of individuals with MCI there were more negative

correlation coefficients, whereas there were more positive

correlations between FFQ and plasma nutrients in non-

cognitively impaired older individuals.

Importance of midlife exposure

Studies of associations between cognitive performances

and midlife exposure have indicated that vascular events

such as hypertension, diabetes mellitus and smoking

could increase the risk of dementia in later life(96). Midlife

obesity has also been linked with a higher risk of cognitive

decline and dementia(97,98). To date, only one longitudinal

study, the Cardiovascular risk factors, Aging and Dementia

(CAIDE), reported results about protective effects of a

‘healthy diet’ in midlife on late-life risk of dementia and

AD(99). Reliable retrospective assessment of dietary intakes

is very difficult and very few cohort studies started in mid-

life, thus the studies reported in the present review rarely

took into account the life course diet of subjects.

Publication bias

All published studies reported at least one statistically sig-

nificant association between dietary patterns and cognitive

function but concerned various cognitive outcomes. By

contrast, only a few studies reported a lack of association

between cognitive outcomes and a priori patterns, regard-

ing, respectively, the MeDi and global cognitive

decline(49,53) or dementia(50), and the HEI(52) or CHEI(16)

and global cognitive decline. To date no study reported

the absence of associations between cognitive function or

AD and a posteriori-derived dietary patterns analysis.

Thus, it is likely that negative results were not published,

supporting a potential publication bias.

Conclusion

Dietary patterns are a promising strategy to investigate the

link between food and cognitive decline. A priori methods

showed that the MeDi score, the PNNS-GS, the RFS and the

DASH diet were associated with cognitive outcomes such

as less cognitive impairment, cognitive decline or lower

risk for AD (the latter only for MeDi score), but the level

of evidence for these indexes has to be strengthened in

particular by investigating new cohort studies in other

countries. Other guideline-based food scores do not

seem to be consistently associated with cognitive decline.
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Exploratory analyses also allowed the identification of pat-

terns associated with cognitive decline.

Taken altogether, these data suggest that diets rich in

fruits, vegetables, other plant-derived products, sea pro-

ducts rich in n-3 PUFA and with lower intakes of meat,

highly saturated fat and added refined sugar could be pro-

tective against cognitive decline but with some remaining

inconsistency due in part to methodological limitations.

Challenges in the investigation of the relationship between

dietary patterns and cognitive decline are presented

in Fig. 1.

To achieve a higher level of evidence, further internal

validation of patterns is needed. For example, describing

these dietary patterns in relation to biomarkers

would add considerable support to their interpretation.

Moreover, other lifestyle factors such as physical activity

or anthropometric characteristics that could induce residual

confounding in the relationship between dietary patterns

and cognitive decline should be carefully controlled for.

Harmonisation of the methods to obtain both a priori and

a posteriori dietary patterns would be useful to better under-

stand the relationship between these dietary patterns and

cognitive decline. New strategies such as conducting dietary

pattern analysis with multiple analytic methods to compare

dietary patterns and assess their validity(100,101) may be

interesting in the context of cognitive decline.

Besides dietary pattern studies, single nutrient

approaches should focus on enhancing the comprehension

of mechanisms underlying their potential effect against

cognitive decline. For example, RCT with longer follow-up,

Basic studies:
effects of isolated nutrients on physiopathological mechanisms

implied in cognitive decline

Enhancing
hypothesis
linking

Complexity of food intakes

Epidemiological studies: inconsistent associations between
single nutrients and cognitive decline

Development of new health policies and health-promoting
dietary guidelines focusing on the prevention

of cognitive decline

Longitudinal studies in older persons
+ RCT with specific dietary patterns

+ further basic research on nutrient–disease hypotheses

Improving
methodology
of dietary
pattern
analysis

Improvements in
computing
Rigorous validation
of indices (items 
ranking, cut-offs)

Achieving a
higher level
of evidence

Harmonisation of
exploratory analyses

Testing external
validity on different

populations

Internal
validity

assessment

A priori dietary
patterns

A posteriori dietary
patterns

– Guidelines based:
  HDI, HEI, RFS,
  PNNS-GS

– Specific diets:
  MeDi, DASH

– Factorial analysis
– RRR
– Clustering, other
   classification
   methods
– Other exploratory
   analyses

Fig. 1. Challenges in the investigation of the relationship between dietary patterns and cognitive decline. HDI, Healthy Diet Indicator; HEI, Healthy Eating Index;

RFS, Recommended Food Score; PNNS-GS, French National Nutrition and Health Programme (Programme National Nutrition Santé) Guideline Score; MeDi,

Mediterranean diet; DASH, Dietary Approaches to Stop Hypertension; RRR, reduced rank regression; RCT, randomised controlled trial.
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testing benefits of dietary supplements that mimic the com-

position of an optimal diet, could also help in the under-

standing of the specific role of nutrients in the context of

neurodegenerative processes and cognitive decline. How-

ever, if we make the plausible assumption that healthy

dietary patterns must be started early and sustained late

in life to observe benefits on cognition, such RCT may be

impossible to implement. Thus, more evidence should

come from both experimental and epidemiological studies

investigating the effect of combinations of nutrients. In the

absence of convincing information about protective effects

of single foods or nutrients provided by current observa-

tional studies, development of longitudinal cohorts focus-

ing on dietary patterns with substantial follow-up would

strengthen hypotheses linking food and cognitive decline

in older individuals. In this regard, a higher level of evi-

dence about protective effects of specific food patterns,

coming from both a priori and a posteriori methods, may

provide valuable knowledge to support the development

of nutritional policies and programmes to prevent cogni-

tive decline and AD.
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