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Abstract The possibility that nutritional manipula-

tion may protect against cognitive decline and demen-

tia is an inviting prospect. However data supporting a

beneficial effect of a particular dietary pattern is

limited. Although studies have demonstrated a health

benefit to dietary plans that are high in fiber, whole

grains, natural sugar and fish while maintaining lower

intake in meat dairy and poultry, the ability to identify

the most salient factors of these diets have been

unsuccessful. Several aspects of diet have been studied

in detail and provided support for potential mecha-

nisms for improving cognition. Clinical trials have

explored these mechanisms through supplementation

studies with minimal benefits being observed. Contin-

uing work to hone the mechanisms and refine our

knowledge of dietary benefits is described.
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Introduction

Alzheimer Disease and cognitive impairment in-

creases with age and estimates are that nearly half

of the population over the age of 85 have the

diagnosis or have some evidence of cognitive loss.

Considering the late age of onset it is reasonable to

consider that environmental factors are at least as

likely to contribute to the disease as genetic ones.

Diet and ultimately nutrition are major environmen-

tal factors that may play a role in this late-onset

disease. However it is difficult to study these factors

because they are at least in part the result of

circumstances of yet other environmental factors

including climate, natural resources, culture and

lifestyle. These variables may also have a direct

impact on cognition and neurodegeneration. Never-

theless we have many analytic techniques that allow

us to examine dietary factors with good precision.

This review begins by examining quantitative and

qualitative features of studies on diet to identify

associations with dementia and cognitive loss.

Research on the role of specific dietary elements, to

the extent that they are measured via food and

supplement intake inventories, is also reviewed with

an emphasis on lipids and fats, alcohol and commonly

occurring vitamins and minerals. Many assumptions

about mechanisms are made based on findings from

single studies and laboratory models are often

invoked to support the mechanism. While this

approach may strengthen the evidence for a proposed

mechanism there is little support to insure that the

model truly captures the dietary finding. Thus, here

we will focus on the breadth of the evidence or lack

of it, for dietary influence on cognition. While

mechanisms may be mentioned, particularly when

they are relevant to dietary and supplement intake, a

comprehensively and critical review of this topic is

beyond the scope of this article.
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Dietary Intake Studies

Several observational studies have reported a positive

association between cognitive function and total food

intake [1, 2]. These cross-sectional studies suggest that

among non-demented community dwelling elders’

higher intake of most ‘‘healthy’’ food categories are

associated with better cognition and the results have

been observed in both European and Asian samples.

These same studies identified some food categories

with the opposite association (higher intake resulting

in lower cognitive scores). In particular, refined sugars,

high cholesterol and trans fats (e.g. eggs and certain

oils) appear to be associated with poorer cognitive

performance. Important demographic confounders of

these associations such as age (higher age is associated

with lower cognitive scores), gender (men may be

more sensitive to cholesterol’s effects on cognition)

and socioeconomic status (more affluent and healthy

lifestyle, better nutrition and cognition) as well as

methodological confounds such as the arbitrary nature

of food category, pattern and ratio of food types, and

control for caloric intake make it difficult to evaluate

these reports.

Attempts to standardize the definition of food

categories, patterns of food intake and quality of food

groups as well as the quantity are addressed by

studies of the ‘‘Mediterranean Diet’’, which has been

described as high in vegetables, legumes, fruits and

nuts, cereal and fish, low intake of meat, poultry, and

dairy products, and moderate intake of alcohol [3].

Scarmeas et al. evaluated the diet of over 2,000 non-

demented community dwelling elders aged 65 and

older living in a multi-ethnic community of Northern

Manhattan. Detailed dietary information was collected

with a validated questionnaire and the information was

used to calculate the MeDi Score, which estimates

adherence to a Mediterranean diet [4]. Over a 4-year

follow-up period those with higher MeDi scores (i.e.

greater adherence to a Mediterranean diet) had lower

risk of dementia. In addition the risk of cognitive

decline was also reduced with greater adherence. Of

interest, those with greatest adherence were more

likely to be non-smokers and of Hispanic ethnicity,

though the beneficial effect of the diet was continued

to be observed even after adjustment for these factors.

Several studies have examined specific elements of

the Mediterranean diet, such as fish consumption.

Morris et al. [5] followed 815 elderly individuals and

found reduced risk of AD in those who ate 1 or more

fish-meals per week. The same authors followed 3,718

individuals in the Chicago Health and Aging Project

and reported that those who ate one or more fish-meals

per week had a 10–13% reduced rate of decline [6].

Other studies have found similar results showing

reduced risk of impaired cognitive function with

greater fish consumption [7] and a negative correlation

between fish consumption and cognitive decline and

impairment in elderly men [8]. Proposed mechanisms

for these effects often focus on fish oils, omega-3 fatty

acids as a neuroprotective agent and this explored

more below. However studies of this specific mecha-

nism in the laboratory typically do not model other

aspects of a high fish diet such as lowered intake of

saturated fats in other forms of protein such as meat.

Dietary Fat Intake and Type of Fat intake

Several studies have investigated the association

between dietary fat intake and dementia and cognitive

decline, including studies of fat from fish and fish oils.

The results from these studies have been mixed.

Findings from one study suggested that high intake of

saturated and trans-unsaturated fat are associated with

increased risk of cognitive decline [9]. In the same

study, it was also observed that higher intake of

monounsaturated fat and a high ratio of polyunsatu-

rated to saturated fat intake was associated with

reduced cognitive decline. Similarly, Solfrizzi et al.

[10, 11] reported results from the Italian Longitudinal

Study on Aging indicating a significant positive corre-

lation between monounsaturated and polyunsaturated

fatty acid intake and scores on cognitive testing in non-

demented elderly. Studying the same population, how-

ever, for incidence of Mild Cognitive Impairment

(MCI), no association was found, after adjustments,

between dietary fatty acid intake and incidence of MCI

[12]. Whalley et al. recently reported the results from a

study of 350 non-demented elderly, in which he

examined the effect of fatty acids commonly found in

fish oil, on cognition. The ratio of fatty acids (erythro-

cyte n-3 fatty acids to docosahexaenoic acid (DHA))

rather than the levels of individual types was most

predictive of cognitive performance [13]. Not all studies

were able to observe this association. Manzato et al.

[14] used phospholipid fatty acid composition to deter-

mine the amount and types of fats present in the diet of

an elderly sample. They report no correlation between

type of fatty acid intake and measures of cognition. This

finding, however, could also be attributed to a meta-

bolic deficiency and not dietary intake. In the Rotter-

dam study of 5,395 subjects with normal cognition,

followed for 6 years neither high intake of total,

saturated, trans fat nor low intake of monounsaturated

fatty acids, polyunsaturated fatty acids, n-6 polyunsat-
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urated fatty acid, and n-3 polyunsaturated fatty acid

had any association with the risk of dementia [15].

Alternative Protein Sources: Soy

Sixty seven percent of the world’s consumption of

protein comes from soy and 30% of the world’s

consumption of oil and fats are derived from soy

[16]. These numbers provide rationale for dietary

studies of soy intake. However there are few studies,

which have reported an association between dietary

intake of soy and cognitive outcomes or dementia. The

nature of the evidence to support this association is

often the perception of lower rates of dementia in

populations with higher soy intake. However this

perception is difficult to support since there are few

studies of formal assessment of cognitive function and

dementia in relationship to diet. One study of Japanese

men in Hawaii found tofu consumption, a common soy

food product, was associated with an increased risk of

dementia [17]. This prospective epidemiologic study

may indicate a degree of acculturation in immigrant

populations and may not be readily generalizable. This

result is in contrast to studies of soya in small trials,

which demonstrate an association with better memory

performance at least among young adults over short

term exposure [18] and among postmenopausal women

[19] Of note these latter studies reflect supplementa-

tion to western diets for very short intervals.

Much has been made of the fact that soy isoflavones

are compounds similar to estrogen and they have been

investigated for supplementation use in post-meno-

pausal women. The similarity to estrogen is difficult to

interpret since estrogenic effects on cognition, partic-

ularly in late life are not evident. Nevertheless the

topic is fairly widely studied and some but not all

studies have reported cognitive benefits from soy

isoflavone supplementation. In one 6-month study of

78 post-menopausal women, results suggest improve-

ment in cognitive function with supplementation, as

almost one third of cognitive tests were significantly

higher in the supplemented group [20]. In another trial

of isoflavones, 56 post-menopausal women were ran-

domized to placebo or isoflavone treatment. The

treatment group improved significantly and did signif-

icantly better than the placebo group on measures of

verbal memory and there was a trend of improvement

on other cognitive measures with the treatment group

[21]. In an additional soy supplementation trial, the

cognitive testing revealed an improvement in frontal

lobe function only in the treatment group [22]. Not all

clinical trials of soy isoflavones have reported benefits,

however. One such study of 202 healthy post-meno-

pausal women reported no cognitive benefits from

supplementation after 12 months of treatment [23].

There appear to be significant differences between

observational studies and clinical trials of soy protein.

In total the beneficial effects of soy protein are less

than clear. It is possible that cognitive benefits may

come from its replacement of other protein sources

with high trans fat or saturated fat content. However a

consistent association between high soy diet and

positive cognitive function is not supported by the

breadth of available data.

Much has been made of the possibility that dietary

isoflavones may be the critical ingredient in soy and

possibly other foods. Flavonoids demonstrate effective

anti-oxidant behavior in cellular models and have been

associated with neuroprotection. Pharmaceutical

agents have been developed and tested to determine

if this mechanisms has a cognitive benefit inhuman

studies (for a review see: Stein and Sano [24]. How-

ever, it is unclear that that dietary manipulation of this

specific mechanism will have a clinical benefit.

Alcohol Intake

Moderate consumption of alcohol, and in particular

red wine, a component of the Mediterranean diet, has

been reported to have an impact on the risk of

cognitive decline and dementia in observational studies

of the elderly [25–28]. In a nested case control design

of 1709 participants in the Copenhagen City Heart

Study, after adjustment for confounding variables, an

association was found between weekly and monthly

wine intake and lower risk of dementia, but the

association with total alcohol and other types of

alcohol was not significant [28]. In another study of

11,102 women aged 70 years or older, with longitudinal

data in the Nurses Health Study, moderate drinking

(defined as drinking up to 14.9 g/day) was associated

with better scores on a cognitive screen (i.e. TICS)

than non-drinking. Moderate drinking was also associ-

ated with less cognitive decline on follow-up. The risk

of cognitive decline among drinkers was reduced by

about 15% (RR 0.85; 95% CI, 0.74–0.98) compared to

non-drinkers. While each type of alcohol (beer wine

and other spirits) had a significant effect on baseline

scores, the type did not effect decline [25]. A longitu-

dinal study of 2,273 subjects from the PAQUID study

in Gironde and Dordogne, France also found cognitive

benefits to alcohol use [27]. After an average follow-up
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of 3 years, a significant inverse relationship was found

between moderate (3–4 glasses/day) wine-drinking and

incidence of dementia and Alzheimer’s. After adjust-

ments for demographic variables and baseline MMSE,

for incident dementia the OR was 0.17, P < 0.01 and

for incident Alzheimer Disease the OR was 0.25–0.28,

P < 0.03. One limitation of these studies is the lack of

consistency in the type of alcohol. The trend, however,

appears to reveal some benefit with wine intake.

Another limitation is a selection bias against individ-

uals with higher intake that may lead to comorbidity,

yielding selective elimination from the follow-up

sample.

The polyphenol, resveratrol, which is found in the

skin of red grapes (Vitis vinifera) may be the ingredient

responsible for the ‘‘red wine’’ effect. In vitro, resve-

ratrol has been found to have a protective effect

against b-amyloid-induced oxidative stress suggesting a

neuroprotective potential [29, 30].

Clinical trials of resveratrol are very limited. How-

ever, a small randomized clinical trial using resveratrol

in combination with glucose and malate in patients

with mild to moderate AD found significant benefit on

the ADAS-cog and Mini Mental State Examination

compared to a placebo control [31]. Of note, the doses

of resveratrol far exceed those that might be achieved

by the levels healthy drinking observed in the obser-

vational studies. While the clinical trial results are

promising and worthy of confirmatory work, it is

unclear that they actually model the benefit observed

with red wine or other alcohol intake.

Fruits and Vegetables

Fruits and vegetables reflect distinct food groups in the

Mediterranean diet and in the ADA food pyramid [32].

The benefits of these food groups are often thought to

be through the anti-oxidant properties that foods in

this class provide. Oxidative stress has been implicated

in aging and Alzheimer’s Disease and age related

cognitive decline. Anti-oxidants can be found naturally

in foods like fruits and vegetables or can be taken as

supplements, like vitamins E and C. It is noteworthy

that dietary doses are far below supplement doses and

it is unclear if the action is the same at different dose

levels. The benefits, however, at any dose level remain

unclear. A study of 13,388 women found that total fruit

intake was not associated with cognitive function, but

total vegetable intake was significantly associated with

reduced cognitive decline [33]. Others have recently

reported on fruit and vegetable drink and the risk of

dementia. Among a cohort of 1,589 elderly Asians

living in the US (mean age at enrollment of 71.8 years

with 54.4% women) followed for 6.3 years (SD:

2.6 years), there was a lower rate of Alzheimer Disease

among those who reported frequent juice drinking (‡3/

week) with a hazard ratio of 0.24 (95% CI, 0.09–0.61)

and 0.84 (95% CI, 0.31–2.29) for those drinking juices 1

to 2 times per week (P for trend <0.01) compared to

those who drank juice less than once per week. The

juice effect has been attributed to polyphenol intake

however juice drinkers tended to have lower intake of

fat (either saturated or unsaturated fatty acids) and

higher dietary intake of vitamin C, but not vitamin E or

b-carotene [34]. These findings illustrate the idea that it

may be the dietary pattern and a wide range of lifestyle

issues that are responsible for observed benefit.

In observational studies, anti-oxidants Vitamin E

and Vitamin C in the diet have been associated with at

reduced risk of dementia [35–37]. Morris et al. specif-

ically examined intake of vitamin E from foods in a

large study of community dwelling elderly. The results

from this study showed that dietary intake of vitamin E

was associated with reduced risk of AD (RR 0.74; 95%

CI, 0.62–0.88) and slower rate of cognitive change [37].

In a study of supplementation by elderly women, it was

reported that long-term use of Vitamin E with Vitamin

C was significantly associated with better performance

on cognitive testing (P = 0.03) than those who had

never used either supplement, while the finding with

either supplement alone was not conclusive [38]. Not

all studies have identified beneficial effects of dietary

vitamins For example the study which identified a

benefit from polyphenols in juices (described above)

did not find a benefit for dietary anti-oxidant vitamin

intake (i.e. Vitamin E, C or b-carotene).

When these anti-oxidant supplements were tested in

clinical trials, the results were varied. Several primary

prevention studies did not find any protective benefit

for incidence of AD [39–43]. In one recent study of

Vitamin E supplementation in a large sample size of

patients with Mild Cognitive Impairment showed no

significant difference between supplemented group and

placebo group in the rate of progression to AD [39].

Two other studies of Vitamin E supplementation in

patients with AD showed no improvement in cognitive

testing with treatment [44].

Recently anti-oxidant intake from vitamin E sup-

plementation has been associated with increased mor-

tality [45] and cardiac morbidity [46]. These meta-

analyses and large-scale clinical trials have primarily

found these negative effects with doses greater than

400 IU, a dose, which far exceeds dietary levels. Thus
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while the benefit is unclear, the dose limiting effect of

dietary vitamins may have a built in protection.

In addition to anti-oxidant mechanisms, anti-inflam-

matory mechanisms have been invoked as contributing

to the benefit of these food groups. Studies have

demonstrated that dietary levels of fruit intake and of

vitamin C are inversely related to levels of C reactive

protein, an inflammatory marker [47], and vegetable

intake is inversely associated with tissue plasminogen

activator, a marker of endothelial dysfunction. How-

ever the support for the anti-inflammatory mechanisms

having a benefit on cognition appears to be weakening

with the breadth of failed clinical trials with an array of

anti-inflammatory agents [48].

Other Dietary Vitamins: (B12, B6, B1, B2, Niacin (B3)
and Folate (B9))

Several vitamins that are obtained through diet have

been studied. B vitamins can be found in leafy green

vegetables, liver, turkey, tuna, fortified cereals, nuts, and

some fruits. Several studies have reported an association

between B vitamin levels in blood and cognitive decline

and dementia [49–63]. In some studies that examine the

specific B-vitamins from serum and blood count in

subjects (no record of method as dietary or supplemen-

tation), folate (B9), which can be found in leafy green

vegetables, has been found to have an inverse associa-

tion with cognitive decline and dementia [49–51, 53–51,

56–51, 60, 61, 63]. It is important to recognize that while

serum levels can be effected by diet they can also be

affected by other factors, including environmental,

metabolic and genetic.

One study found the opposite effect for folate using

dietary inventories, with high intake associated with

greater cognitive decline. These results were reported

from a bi-racial community cohort dwelling in the US

(N = 3,718). Those with the highest intake of folate

(742 lg/day) had a faster rate of cognitive decline.

Reports from this same community (Chicago Health

and Aging Project) examined other B-vitamins.

In another analysis, 1,041 subjects were examined for

incidence of Alzheimer’s and dietary intake of

B-vitamins folate, B12 and B6 as gauged by the Harvard

food frequency questionnaire. After adjustments for

confounding variables, there was no association

between dietary intake of B12, B6 or folate and

incidence of AD [64].

A clinical trial of B-vitamin supplementation in 211

healthy women ages ranging from 20 to 92 noted

significant improvement only on a few measures of

memory. Further results from this study revealed little

benefit from B-vitamin supplementation on cognition

[65]. Other trials have examined multivitamins and

vitamin complexes, although none have reported more

than minimal beneficial effect. These studies are

difficult to summarize and interpret because there is

no standard vitamin formulation and because the

cognitive outcomes vary widely [66–68].

More on Mechanisms

Dietary benefits in protecting against cognitive decline

and dementia are difficult to observe. At best the

findings are weak and inconsistent. When there is

observational evidence it has been difficult to replicate

in experimental designs in human subjects. One problem

is that experimental design takes the form of manipu-

lation of a single component or proposed mechanism of

action, when in fact dietary intake may best be under-

stood by synergy of actions. For example dietary effects

on cardiovascular risk factors may have an impact on

cognitive function although the evidence that risks such

as diabetes, hypercholesterolemia and hypertension, is

also modest [69]. The dietary data provides an oppor-

tunity to identify factors worthy of further study and

presents the challenge for future designs that can tease

out the relevant combination of factors (see Table 1).

Conclusion

Awareness of the role of nutrition in health is long-

standing with recent interest focusing on the impact of

diet on cognition. While many components of food have

been studied in isolation the benefit achieved via food

intake may depend not only on the individual compo-

nent but on the milieu in which it is taken. This may

include the ratio of one food type to another, the

coexistence of vitamins in food groups eaten together or

abstention from one food eaten with another. Dietary

components including vitamins and specific macronu-

trients may act synergistically. Further early life dietary

patterns may also have an impact. The features which

may maximize cognitive benefit form dietary intake are

difficult to study as they require long observation periods

and sufficient numbers to over come the bias of other

factors which may interfere with observing a beneficial

effect. The limited results to date provide the most hope

for studies to understand the synergy of effects from

diets high in grains, fruit and vegetables. Since most

recommendations indicate that these food categories

should make up the largest portion of the diet, it will be

important to understand the factors that maximize

cognition. Considerations include the fact that these
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food groups are low in caloric density, perhaps replacing

higher caloric density foods. They may provide a wide

range of anti-oxidant benefits that are not yet under-

stood. Mechanisms of neural repair and protection via

anti-inflammatory mechanism and cell signaling modi-

fications have been cited as potential mediators for a

benefit on cognition and should be studied further

However, unlike supplementation or pharmacological

agents, dietary intake has built in controls which may

limit the side effects that can be observed with other

interventions. Randomized controlled trials of the most

hopeful aspects of nutrition are needed to provide

convincing evidence of dietary benefit on cognition.

Limited results so far indicate that the pattern of intake,

such as that seen in the Mediterranean diet, with a focus

on high intake of vegetables legumes, low intake of meat

and dairy and moderate intake of alcohol, may be worth

future research pursuits.
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