Current Nutrition Reports (2018) 7:139-149
https://doi.org/10.1007/513668-018-0229-y

NEUROLOGICAL DISEASE AND COGNITIVE FUNCTION (Y GU, SECTION EDITOR)

@ CrossMark

The Role of Nutrition in Cognitive Function and Brain
Ageing in the Elderly

Samantha L. Gardener'? . Stephanie R. Rainey-Smith '

Published online: 5 July 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Purpose of Review The purposes of this review were to examine literature published over the last 5 years and to evaluate the role
of nutrition in cognitive function and brain ageing, focussing on the Mediterranean diet (MeDi), Dietary Approaches to Stop
Hypertension (DASH), and Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diets.

Recent Findings Results suggest that higher adherence to a healthy dietary pattern is associated with preservation of brain
structure and function as well as slower cognitive decline, with the MIND diet substantially slowing cognitive decline, over
and above the MeDi and DASH diets.

Summary Whilst results to-date suggest adherence to a healthy diet, such as the MeDi, DASH, or MIND, is an important
modifiable risk factor in the quest to develop strategies aimed at increasing likelihood of healthy brain ageing, further work is
required to develop dietary guidelines with the greatest potential benefit for public health; a research topic of increasing
importance as the world’s population ages.

Keywords Nutrition - Diet - Dietary patterns - Mediterranean diet - MeDi - Dietary Approaches to Stop Hypertension diet - DASH

diet - Mediterranean-DASH Intervention for Neurodegenerative Delay diet - MIND diet - Cognition - Cognitivedecline - Magnetic
resonance imaging - MRI - Brain volume - Glucose metabolism - Amyloid beta - Ageing - Alzheimer’s disease

Introduction—Healthy vs. Pathological Brain  spatial orientation, episodic memory, speed of processing, lan-

Ageing guage, decision-making abilities, judgement, and abstract
thinking [1]. These detrimental cognitive changes are ampli-

Whilst some cognitive functions remain stable or even im-  fied and accelerated by common progressive age-related neu-

prove with advancing age (e.g. crystallised intelligence and  rodegenerative pathologies such as Alzheimer’s disease (AD)

judgement abilities), most healthy adults experience age-  and other forms of dementia.

related decline in a variety of cognitive functions including Structural imaging studies utilising magnetic resonance im-

aging (MRI) reveal that brain shrinkage occurs with advanc-
ing age. Whole brain atrophy rates range from 0.3 to 0.7% per
year in healthy older adults [2], with the hippocampus, ento-
rhinal cortex, orbitofrontal cortex, and cerebellum regions par-
54 Stephanie R. Rainey-Smith ticularly affected. .Hippocampal v.olu.mfa decreases at. a r.ate of

s.rainey-smith @ecu.edu.au 2—4% per annum in healthy aged individuals [3]: a significant
finding when considering the important role of the hippocam-
pus in aspects of memory. By contrast, MRI in AD, for exam-
ple, reveals widespread cortical atrophy, particularly within
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Hospital), Perth, WA, Australia (PET) also reveal age-related functional changes in the brain.
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Fluorodeoxyglucose (FDG)-PET enables cerebral glucose
metabolism to be quantified as an indicator of neuronal and
synaptic activity. FDG-PET studies have shown that between
20 and 70 years of age, global cerebral metabolic rate de-
creases by 12—-13% [5]. Further, healthy ageing is associated
with mild cortical hypometabolism preferentially involving
the frontal lobes, most notably within the anterior cingulate,
dorsolateral and medial prefrontal, and orbitofrontal cortices.
By contrast, other regions such as the precuneus, mesial tem-
poral lobes (hippocampus, amygdala, parahippocampal gy-
rus), primary motor, and occipital cortices are least affected
by healthy ageing [5]. Metabolic changes in the AD brain are,
however, far more pronounced, with FDG-PET studies of AD
patients demonstrating a typical pattern of hypometabolism in
temporoparietal regions with sparing of the basal ganglia, thal-
amus, cerebellum, and primary sensorimotor cortex [6].
Pittsburgh Compound B (PiB)-PET is used to visualise and
quantify deposition of the protein beta-amyloid (A) within
the living brain [7]. A3 is derived from proteolytic cleavage of
the much larger membrane-spanning amyloid precursor pro-
tein (APP). The normal physiological function of A3 and
APP is poorly understood; however, putative functions of
the latter include regulation of neuritic outgrowth, cell adhe-
sion, synaptogenesis, and cell survival [8]. Elevated levels of
cerebral A in apparently healthy persons are found in 12% of
those in their 60s, 30% of those in their 70s, and at least 50%
of those over 80 years of age [7]. Moreover, PiB-PET deter-
mined cerebral A3 levels correlate with rate of memory de-
cline in healthy older adults [7]: consistent with the notion that
Af3 accumulation promotes neuronal death, which ultimately
results in cognitive impairment. In AD however, the brain is
characterised neuropathologically by significant cerebral Af3
burden, with levels highest in the frontal cortex, cingulate
gyrus, precuneus, striatum, parietal cortex, and lateral tempo-
ral cortex [7].

Accumulating data suggests that nutrition likely influences
trajectories of cognitive and neurobiological change in older
adults, with healthy diets appearing to ‘tip the balance’ in
favour of healthy ageing, and decrease risk of neurodegener-
ative pathologies such as AD and other forms of dementia.
The purpose of this review is to examine research published
within the past 5 years to evaluate the role of nutrition in
cognitive function and brain ageing. We focussed on studies
which reported on the relationship between cognitive and neu-
roimaging outcome measures and the following three dietary
patterns: (1) the Mediterranean diet (MeDi), (2) the Dietary
Approaches to Stop Hypertension (DASH) diet, and (3) the
Mediterranecan-DASH Intervention for Neurodegenerative
Delay (MIND) diet. Dietary patterns take into account the fact
that foods and nutrients are biologically interactive, acting in
concert rather than as solitary physiological agents; all three
patterns are created ‘a priori’, with the DASH and MIND diets
recently developed based on current nutrition knowledge.

@ Springer

Dietary Pattern Background
MeDi

The MeDi is characterised by high intake of vegetables, le-
gumes, fruits, cereals, fish, and unsaturated fatty acids (mostly
olive oil); low intake of saturated fatty acids, meat, and poul-
try; low-to-moderate intake of dairy products (mostly cheese
and yoghurt); and a regular but moderate amount of alcohol
(mostly wine, generally with meals). An individual is assigned
avalue of 1 for each; beneficial component (fruits, vegetables,
legumes, cereals, fish), if caloric-adjusted consumption is at or
above the gender-specific median; for each detrimental com-
ponent (meat and dairy products), where caloric-adjusted con-
sumption is below the gender-specific median; and for a ratio
of monounsaturated fats to saturated fats at or above the me-
dian. Individuals are also assigned a value of 1 for mild-to-
moderate alcohol consumption (> 5 to <25 g/day for females,
> 10 to < 50 g/day for males). The MeDi score is generated by
adding the scores for each category, and ranges from 0 to 9,
with a higher score indicating greater adherence. This diet
includes many dietary components reported to be beneficial
for reducing neurodegenerative disease risk [9—16], and there-
fore has received much attention.

DASH Diet

The DASH diet was developed from an initiative to examine
dietary factors that affect blood pressure. The DASH diet is
high in fruits, vegetables, nuts, whole-cereal products, low-fat
dairy products, fish, chicken, and lean meats, and therefore is
designed to be low in saturated fat, total fat, and cholesterol;
moderately high in protein; and high in minerals and fibre
[17]. The DASH diet score focuses on eight components: high
intake of fruits, vegetables, nuts and legumes, low-fat dairy
products, and whole grains, and low intake of sodium, sweet-
ened beverages, and red and processed meats. For each of the
components, participants are classified into quintiles accord-
ing to intake. For components where a high intake is desirable,
quintile 1 (lowest intake) is assigned 1 point and quintile 5
(highest intake) is assigned 5 points. For sodium, red and
processed meats, and sweetened beverages where low intake
is desirable, the lowest intake quintile is assigned 5 points and
the highest intake quintile is assigned 1 point. Component
scores are then summed to obtain an overall DASH diet score
ranging from 8 to 40.

MIND Diet

Combining the MeDi and DASH diets but with modifications
reflecting the best evidence for neuroprotection, the MIND
diet emphasises natural, plant-based foods, specifically pro-
moting increased consumption of berries and leafy green
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vegetables, with limited intakes of animal-based and high sat-
urated fat foods. However, the current literature is underdevel-
oped, and therefore, modifications to the MIND diet score are
expected as new scientific advances are made. The MIND diet
is composed of ten brain-healthy and five unhealthy compo-
nents: green leafy vegetables, other vegetables, nuts, berries,
beans, whole grains, fish, poultry, olive oil, and wine consti-
tute the brain-healthy components, whilst red meats, butter
and stick margarine, pastries and sweets, and fried or fast
foods comprise the unhealthy components. Additional general
guidelines include eating at least three servings of whole
grains, a salad and one other vegetable, and a glass of wine
each day. Further, nuts are used as a snack on most days, and
beans every other day. Poultry and berries are recommended
at least twice a week, and fish at least once a week. The
unhealthy components are limited in intake, especially, butter
(< 1 tablespoon/day), cheese, and fried or fast food (each, < 1
serving/week) [18¢]. Dietary components are scored 0, 0.5, or
1 depending on level of consumption, with healthy compo-
nents assigned a higher score with increasing consumption,
and the reverse occurring for unhealthy components. Olive oil
use is scored 1 if intake is 1 tablespoon or more per day, and 0
otherwise. Dietary component scores are then summed to ob-
tain an overall score ranging from 0 to 15, with higher scores
indicating greater MIND diet adherence [18¢].

Dietary Patterns and Cognition

A summary of studies, published in the last 5 years, which
report on the relationship between MeDi, DASH, or MIND
dietary pattern adherence and cognitive outcomes is provided
in Table 1. Of the three dietary patterns, to-date, the most
evidence exists for an effect of the MeDi on cognition, with
the majority of studies reporting beneficial outcomes. Among
cohorts drawn from Greece, France, and the USA, higher
MeDi adherence has been associated cross-sectionally with
better global cognitive function [22, 29]; better performance
in measures of attention, processing speed, and working mem-
ory [19]; as well as reduced likelihood of major cognitive
impairment at age 70 [20].

Longitudinal studies conducted in Australia and the USA
further support these data, with high MeDi adherence associ-
ated with less decline in executive function in carriers of the
Apolipoprotein E €4 allele (APOE €4; a major genetic risk
factor for AD); [27] slower decline in episodic memory, se-
mantic memory, working memory, and global cognition; [26]
and less likelihood of incident cognitive impairment [25].
Further, higher long-term MeDi adherence, assessed over a
decade, has been associated with better performance, over
the next 6 years, in a telephone adaptation of the MMSE,
and composite scores of verbal memory and global cognition,

with the authors estimating that higher MeDi adherence de-
layed cognitive ageing by 1 year [21].

Of particular importance, the recently completed
PREDIMED (PREvencién con Dleta Mediterranea) study is
the first randomised clinical trial to evaluate the effect of a
long-term MeDi intervention on cognitive function.
Participants were assigned to either a MeDi supplemented
with extra virgin olive oil (MeDi+EVOQO; 1 litre a week), a
MeDi supplemented with raw, unprocessed mixed nuts
(MeDi+Nuts; 30 g per day), or a control diet (advice to reduce
dietary fat). The trial, conducted in Spain, included 11 sites
with results to-date published using individual site data. The
Navarra site administered the intervention to 522 participants
for 6.5 years, with cognitive assessment only undertaken at
study completion. Multivariate regression analyses revealed
that participants in the MeDi+EVOO and MeDi+Nuts groups
had higher mean MMSE (0.62; 95% CI 0.18-1.05, p =0.005
and 0.57; 95% CI 0.11-1.03, p=0.015, respectively) and
Clock Drawing Test scores (0.51; 95% CI 0.20-0.82, p=
0.001 and 0.33; 95% CI 0.003-0.67, p = 0.048, respectively)
than the control group [23]. The authors subsequently inves-
tigated a range of cognitive domains including, episodic mem-
ory, verbal memory, visual memory, visuospatial abilities, lan-
guage, fluency, executive function, attention, working memo-
ry, and abstract reasoning, in a subset of 285 participants. The
MeDi+EVOO group demonstrated significantly better perfor-
mance across fluency and memory tasks compared to the con-
trol group; however, the MeDi+Nuts group did not differ in
cognitive performance compared to the control group [24].
The Barcelona site administered the intervention for a mean
of 4.1 years and performed cognitive assessments at both
baseline and post-intervention. For 334 participants, memory,
frontal (attention and executive function), and global cogni-
tive composites were constructed. The study authors reported
that compared with the control group, the memory composite
improved significantly in the MeDi+Nuts group (0.09; 95%
CI —0.05-0.23, p =0.04), whereas the frontal (0.23; 95% CI
0.03-0.43, p=0.003) and global cognition (0.05; 95% CI
—0.11-0.21, p =0.005) composites improved in the MeDi+
EVOO group [28e].

Far fewer published studies have to-date investigated
the relationship between the DASH and MIND dietary pat-
terns and cognition. Besides exploring the link between
MeDi adherence and cognition described above, the
American Memory and Ageing Project also characterised
the relationship of DASH diet scores to cognitive out-
comes. Higher DASH diet score was associated with
slower rates of decline in episodic memory, semantic mem-
ory, and global cognition over an average follow-up of
4 years (N=826) [26]. In a cohort of 960 participants
drawn from the same study, adherence to the MIND diet
was associated with slower decline in global cognition
(8=0.0095, p <0.0001) as well as in each of the following
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five cognitive domains: episodic memory, semantic mem-
ory, perceptual organisation, perceptual speed, and work-
ing memory, over an average 4.7 years of follow-up. The
authors reported that those participants with MIND diet
scores in the highest tertile demonstrated rates of decline
that were equivalent to being 7.5 years younger in age than
those individuals in the lowest adherence tertile, and con-
cluded that MIND diet score was more predictive of cog-
nitive decline than either the MeDi or DASH diet scores
[18¢]. Furthermore, a recently published second study of
MIND diet adherence and cognition in an American cohort
of community-dwelling older adults (N =15907), describes
a cross-sectional association between higher MIND diet
score and better composite test scores of global cognitive
function (»p <0.001) [29].

Precisely how the dietary patterns described above con-
tribute to cognitive health remains to be determined, al-
though accumulating literature suggests that it is likely
via direct modulation of neurobiological changes in the
brain.

Dietary Patterns and Neurobiological
Changes

Diet and Structural Brain Changes

Indeed, mounting evidence, derived from MRI studies,
suggests an association between higher MeDi adherence
and preservation of brain structure. One such cross-
sectional study of cognitively healthy American individ-
uals (N=52) reported greater thickness of AD-vulnerable
brain regions in those with high MeDi adherence compared
to the low adherence group, with the differences most pro-
nounced in the orbitofrontal cortex, entorhinal cortex, and
posterior cingulate cortex of the left hemisphere [30]. In a
similar study of 674 dementia-free elderly adults (mean
age 80.1 years) residing in Manhattan, higher MeDi adher-
ence (scores of 5-9) was associated with larger total brain
volume (3=13.11, p= 0.007), total grey, and total white
matter volumes (5 =15.00, p= 0.05 and 5=6.41, p=0.05,
respectively), compared to those with lower MeDi adher-
ence (scores 0—4) [31]. The authors concluded that higher
intake of fish and lower meat intake were the two MeDi
components which appeared to confer the greatest benefit
in their cohort [31]. Higher MeDi adherence has also been
reported to be associated with larger frontal, parietal, oc-
cipital, and average lobar cortical thickness (CT: 3=0.011,
p=0.008; 5=0.009, p=0.040; 3=0.007, p=0.030; and
£5=0.009, p=0.010, respectively) in a cross-sectional
study of 672 cognitively normal older adults (mean age
79.8 years) [32]. MeDi score was also positively correlated
with CT of a number of individual brain regions including

superior temporal, dorsolateral prefrontal, middle tempo-
ral, fusiform, precuneus, and lingual (8 range 0.010—
0.014; p range 0.010-0.009). When examining the individ-
ual MeDi components, the authors found higher legume
and fish intakes to be associated with larger CT [32].

Whilst the majority of previous studies calculated MeDi
scores using food frequency questionnaires which capture di-
etary habits over the preceding year, Titova et al. [33] deter-
mined MeDi adherence via food intake diaries completed, for
a total of 7 days, by 194 cognitively healthy Swedish individ-
uals aged 70 years. The authors found no association between
total MeDi score and brain volumes, determined via MRI
5 years after food diary completion, instead reporting a link
between the MeDi score component of meat and meat prod-
ucts and brain volume, with lower intake associated with larg-
er total brain volume (5=—0.16, p = 0.04) [33]. Limitations of
this study, however, include the brief period of dietary data
collection, and the 5-year interval between this data collection
and assessment of brain volumes, with no determination of
dietary habits in-between. In a French cohort study, Pelletier
et al. [34] reported associations between MeDi adherence and
structural brain imaging outcomes with an even longer inter-
val between dietary data collection and MRI assessment.
Specifically, MeDi adherence was determined by dietary
questionnaire completed by 146 non-demented older adults
(mean age 73 years), with 3T MRI undertaken on average
9 years later. Whilst the authors found no relationship between
MeDi adherence and grey matter parameters, higher MeDi
score was associated with a general pattern of preserved white
matter microstructure, suggestive of a beneficial effect on
preservation of brain structure connectivity.

One of the few imaging studies, which is longitudinal in
nature, described slower rates of hippocampal atrophy among
individuals in the middle or high MeDi adherence tertiles
compared to those in the lowest tertile (3= 330, p =0.02 and
B=331, p=0.04, respectively), such that mid-high MeDi ad-
herence slowed age-related atrophy by approximately
2.5 years [35¢]. This study utilised an American cohort of
215 cognitively normal elderly participants (mean age
79.1 years), who underwent two MRI scans on average
4.5 years apart. A second, and very recent, longitudinal study
investigating rates of brain atrophy in a cohort of older
Scottish adults (N=401) found lower MeDi adherence to be
associated with greater total brain atrophy (5=1.160, p=
0.018) [36]. Dietary data was collected at age 70 via food
frequency questionnaire, whilst MRI scans were undertaken
at ages 73 and 76.

Collectively, these results suggest that MeDi adherence
contributes to preservation of brain structure and volume.
Despite the promising cognitive findings, to-date, there are
no published studies investigating the relationship of the
DASH and MIND dietary patterns to structural neuroimaging
outcome measures.
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Diet and Functional Neuroimaging Outcomes:
Cerebral Glucose Metabolism and Beta-Amyloid
Burden

Some evidence exists which is suggestive of an association
between dietary patterns and functional neuroimaging out-
come measures, although overall, there is a relative paucity
of such studies. One cross-sectional study published in the last
5 years measured cerebral glucose metabolism, via FDG-PET
scans, in 45 cognitively healthy individuals from New York
(mean age 54 years), with participants dichotomised into ei-
ther ‘high’ or ‘low” MeDi adherence groups (determined via
self-report). Significantly reduced global cerebral glucose me-
tabolism was observed among the ‘low’ MeDi adherence
group compared to the ‘high’ MeDi adherence group.
Further investigation of glucose metabolism within brain re-
gions established that the spatial pattern providing the best
separation between MeDi groups included the lateral and me-
dial temporal cortex, fusiform gyrus, and inferior frontal cor-
tex, primarily restricted to the left hemisphere (R* =0.23, p <
0.001) [37]. As part of the same study, these authors also
assessed the associated between MeDi adherence and cerebral
amyloid burden determined via PiB-PET. Significantly higher
PiB retention (indicating higher cerebral A3 burden) was ob-
served in the ‘low” MeDi adherence group compared to the
‘high’ adherence group. The best separation between MeDi
groups was seen via a spatial pattern comprising of the frontal
and temporal cortex, insula, and putamen of both hemispheres
(R*=0.39, p<0.001) [37].

A second cross-sectional study recently examined the as-
sociation of frequency of following a Mediterranean-type diet
with brain A3 and tau among 44 individuals with mild cog-
nitive impairment (MCT; often but not always precedes AD) or
subjective memory impairment [38]. Participants were
assigned to either an ‘often’ or ‘rarely’ diet frequency group
based on their response to a single question. The authors re-
ported a relationship between greater frequency of following a
Mediterranean-type diet and less brain Af3/tau burden.
However, a pan-amyloid PET ligand which binds to both
Af3 and tau deposits was used, thereby precluding determina-
tion of whether diet was associated with A3, tau, or a combi-
nation of both [38].

One study to-date has investigated the association between
MeDi adherence and rate of A3 accumulation in older adults.
This study examined cerebral A3 burden, determined via PiB-
PET, over 36 months, in a subset of 77 cognitively healthy
participants (mean age 71.1 years) from the AIBL Study of
Ageing. These participants were all considered to be on the
AD pathway by either demonstrating a high A3 burden at
baseline (standardised uptake value ratio (SUVR) >1.4) or
presenting with rates of A3 deposition higher than 0 over
36 months. Increasing MeDi score, determined via self-report,
was associated with decreasing SUVR (3=—0.01, p =0.007),
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with each one point MeDi score increase associated with an
annual decrease in A3 accumulation of 20%. Further evalua-
tion revealed fruit intake to be the individual MeDi score
component which contributed most strongly to this relation-
ship, with a high intake of fruit associated with less accumu-
lation of A3 (p =0.00036) [39+°].

At the time of writing, no published studies have explored
potential associations between the DASH and MIND dietary
patterns and functional neuroimaging outcomes.

Important Beneficial Constituents of the Dietary
Patterns

Fruit and vegetables are an important component of the three
dietary patterns featured in this review and are likely contrib-
utors to the beneficial effects associated with pattern adher-
ence. Indeed, oxidative stress and inflammation are consid-
ered to be underlying pathogenic mechanisms of cognitive
decline [40, 41], whilst fruit and vegetables are an abundant
source of both antioxidants and anti-inflammatory agents.
Polyphenols, which are plentiful in both fruit and vegetables,
are micronutrients with antioxidant properties. Flavonoids are
the largest subclass of polyphenols, and berries, which feature
prominently during MIND diet score calculation, contain a
range of these compounds in high concentration. Higher in-
take of strawberries and blueberries has been associated with
slower rates of cognitive decline in older adults, with the study
authors hypothesising that this is due to the flavonoids they
contain, as total flavonoid and anthocyanidin intakes (a flavo-
noid particularly high in these berries) were also associated
with slower rates of cognitive decline in this cohort [42].
Berry-derived anthocyanidins are uniquely capable of cross-
ing the blood brain barrier and localising in areas involved in
learning and memory, such as the hippocampus [43]. Rat stud-
ies have shown supplementation with blueberries or straw-
berries results in significantly reduced age-related declines in
neuronal signalling, and supplementation at older ages re-
versed neuronal and cognitive decline [44]. Flavonoids in
general have been shown to lead to reductions in neuroinflam-
mation and enhanced neuronal viability by inhibiting the c-jun
N-terminal kinases, apoptosis signal-regulating kinase-1, and
p38 pathways [45].

Olive oil and nuts, which are features of all three dietary
patterns discussed in this review, are also particularly rich
in phenolic compounds [46], suggesting an additional die-
tary component that contributes to the beneficial effects
associated with pattern adherence. The MeDi, and in par-
ticular extra virgin olive oil, contains a large amount of
oleic acid which has been associated with lower inflamma-
tory markers such as C-reactive protein (CRP) [47], and
tumour necrosis factor alpha (TNR-«) [48], and in general,
both the MeDi and DASH diets have been shown to lower
levels of several inflammatory markers [49-51].
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Furthermore, olecanthal, a phenolic component of extra
virgin olive oil, has been shown to enhance brain Af3 clear-
ance [52]. Polyphenols can also ameliorate neurologic
health by additional mechanisms, including improved ce-
rebrovascular blood flow, enhanced synthesis of neuro-
trophic factors, and stimulation of neurogenesis [53].

Fish intake is another important component of all three
dietary patterns. Fish contains several beneficial nutrients in-
cluding the omega-3 polyunsaturated fatty acids (PUFAs)
eicosapentaenoic acid (EPA), and docosahexaenoic acid
(DHA). The beneficial effects of omega-3 PUFAs on the brain
include increasing neurite outgrowth and synaptogenesis,
neurogenesis, as well as promoting anti-inflammatory actions
[54]. EPA and DHA are able to affect a number of aspects of
inflammation, and mechanisms underlying their actions in-
clude altered cell membrane phospholipid fatty acid composi-
tion, disruption of lipid rafts, and inhibition of activation of the
pro-inflammatory transcription factor nuclear factor kappa B
(thereby reducing expression of inflammatory genes) [55]. It
is important to note, however, that the amount of omega-3
PUFAs in fish varies greatly depending on the type of fish
(i.e. oily > > white), and this information should be considered
when interpreting study findings.

Whilst we have discussed a few of the components com-
mon to the MeDi, DASH, and MIND dietary patterns, which
are likely contributors to the beneficial effects associated with
pattern adherence, it is important to remember that foods and
nutrients are biologically interactive, acting in concert rather
than as solitary physiological agents, and as such the true
benefit of dietary pattern adherence is likely due to a complex
milieu of beneficial effects rather than the contribution of in-
dividual components.

Conclusion

Of the three dietary patterns examined, the literature reviewed
suggests that the MIND diet substantially slows cognitive de-
cline, over and above the effect seen with the MeDi or DASH
diets, and collectively, the evidence base discussed above sug-
gests that diet affects brain structure and function which likely
ultimately manifests as modulation of cognitive outcomes.
Precisely how these diets might exert such effects on the brain
remains to be determined although potential candidate mech-
anisms include increasing neurite outgrowth and synaptogen-
esis [54], antioxidant and anti-inflammatory effects [49-51,
56-59], as well as a favourable impact on brain vasculature,
possibly indirectly via modulation of adiposity, lipid profiles,
blood pressure, etc. [47, 58, 60—65]. Further, A3 accumula-
tion, which contributes to atrophy, and thus cognitive out-
comes, is proposed to be lessened by adherence to a healthy
diet [39ee].

Whilst results to-date certainly suggest that adherence to a
healthy diet such as the MeDi, DASH, or MIND is important
for increasing likelihood of healthy brain ageing, and thereby
decreasing risk of age-related neurodegenerative pathologies
such as AD and other forms of dementia, further work is
required to develop dietary guidelines with the greatest poten-
tial benefit for public health. The majority of published studies
have been both cross-sectional and observational in nature,
with limited evidence available from longitudinal or interven-
tion trials. Cross-sectional studies cannot exclude the possibil-
ity of reverse causality (i.e., differences in brain structure, for
example, result in behavioural changes including alterations in
dietary habits), and causal relationships cannot be determined
from observational studies. Moreover, methodological varia-
tions hinder comparison of results between studies, for exam-
ple, use of different dietary questionnaires to capture nutrient
intake, residual confounders, and differences in covariates in-
cluded across studies. Despite these limitations, it is evident
that nutrition is an important modifiable risk factor in the quest
to develop strategies aimed at increasing likelihood of healthy
brain ageing; a research topic of increasing importance as the
world’s population ages.
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