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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
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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
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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 f-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
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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
p-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 f-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 ug/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

@ Springer



Neurochem Res (2007) 32:893-904

898

Apnis [BUOT}035-SSOID)

(S0°0 > d) yejur

VANd ¢-e3owo pue (50°0 > J) a3eIul ysy £13ej
)M uonouny 9ANIUS0d pairedulr Jo JSLI paonpay
s1eak ¢ dn-mojoj ueow ‘Apnys oanosadsoig

‘YSY pownsuod A[dIel 10

I0A9U oym suos1ad uey} (I JO 20UBYD S % 09

e pey yoom Iod [eaw ysy | ISe9[ 1B PouwINsuod

oym suosiad (10°0 = puan 10] J) AV
/M "00SSe A[OSIOAUL Sem SpIoe A11BJ JO 9YRIUI [BIO,

‘Apnis po[[0IU0d pue pauIISOP-[[OA
S10°0 = d 16°0—0nel pIeze

AV JO JSII JoMO[ )M POJRIIOSSE
Apueoyrugis I[([OJA 9Y) 03 20udIdype Ioy3IH

*(dnoi3  spooy
SnorIea,, “3'9) spooj Jo A11oy10ads Jo o[ & S [[om
Se SISA[eUe pue JUSWAINSBOW JLIO[RD JO OBl U}
apnpout Apnys siy) Jo Syl (S0 > ) O UIUEeIA
pue oje[o} ‘dulwery) jo dyeyur pue (50°0 > d)
sjeJ pojemjes pue spidi jo uondwnsuod ssIf
Uim pajerosse Apjueoyrudis gSININ @lenbopy
'SJOOMS pUE SO
€9)8]0201[9—POO0J ,SNOLIBA, JO SOYBIUT JOMO] PUB
‘JoY091e ‘Ysy ‘pooj [810) JO SOYBIUT I0)BI3 [IIM
pojenosse (87>) ASINIA ..21enbape,, jJo puai],
"9yeIUT SPOOJ JO OTEI PUE UONILI)SII
JLI0[ED 10J [OIIUOD JO YOB[ AU} AQ Poud eom
st Apnis siyL, (S0°0 > J) s1elqns [eurou
01 paredwos souruio}rod 9ATIIUS0O 9SIOM M
POJRIDOSSE dIoM ) UTWEIIA PUR ‘I9QY ‘S)INI JO
SOYBIUT JoMO[ Apyuedyrusis ‘uowr uf *(s0'0 > d)
s109[qns [ewou 03 paredwod doueuriojrod
QATITUS0D 9SIOM [IIM PIJBIOOSSE dIOM
UIORIU pue ‘UIARPOQLI ‘UTWRIY) ‘Y UIWRIIA ‘O

paaredwr AjoAnTugoo €91

uonrugoo [euLou (G|

0/ 0L—Sp woxy s193[qns [L] 28e orppruu je 9oueuLIofIod 9ANIUSOD 0}
Surjemp Aunwwos €197 sproe A11eJ pue ysi,] UONR[SI UI YSY pue spioe A11eJ Jo ayeiur AI1e1al(]

o/k $6-69 A[1op[o
“Burmp Arunwiwod [s] av juepmour jo ysry

[ewIou ‘Ayjeay T8 spoe A11eJ ¢-u pue vondwnsuod ysry  pue spy A)jeq ¢-u pue ysij jo uondumnsuo)

‘sjeow SuLInp A[[eIoUSS pue QUIM JO WIOJ )

ur Aqirewd ‘[ouey)e Jo junowe djeIApOwW Inq

Ie[n3a1 e pue {A1nod pue jesur Jo ayeIul MO[

® {(3an304 10 9s99yd Apisowr) syonpoid A1rep jo

9YeJUI 9)JBISPOW-0}-MO[ © {YST JO oyejur Y3y

19loxd JVDIHMA  A[91BIopow B (SpIoe A)1eJ pajeInjes Jo oyejul

99 F 'L 98e  mo[ Ing (JIO 9AI[O JO WLIOJ ) UI A[IsOW) SPIOL

ueoW S[ENPIAIPUT A[IOP[O £)3ej pojeInjesun jo oyejul Y31y (S[EAISD pue

uromp Aunwwod ‘SIINIJ ‘Sowngo[ ‘so[qe1adoA Jo ayeiul Y3y £q [#] oseasiq
[ewIou ‘AyI[eay §Gz7 POZIIajoRIRYD SI I(JOJN QUL “IOIp UBAURIIAIPIN S JOWIAYZ[Y IOJ YSLI PUE JOIp UBOUEBIIONPIIN
wq ¥ 121d PPN

> ASININ

0/ 06-59 A[1op[o (2]

uromp Aunwwod ordoad 3urary Apuspuadopur ‘Ajropre jo dnois
‘Tewrou ‘Ayj[eay 9T pawnsuod pooj Jo sadA], ' ur uonduUNy 9ANIUSOd UO UONLIINU JO ddUINPU]

0/A 09 I19A0 A[I9p[o

‘d ‘8D ‘areIpAyoqied ‘yey ‘urajoid ‘A310u0 ‘osfe Suromp Ayrunurwod [1] e1doad

pue ‘sodrds Y[ ‘s)mij ‘so[qe}ooa ‘S[ea1ed  UBOIOY ‘[RWIOU ‘AYI[edy AJ1op[o UBAIOY UT [0AQ] UONOUNJ QATIIUS0D
‘SPO0J JO JUNOWE [B}0} JO SAYBIUI JOMO] ‘USTOM U] UOWOM PUEB U Gy pownsuod spooj ‘11q pue ayeIul AIRI2Ip UeaMmIaq sdiysuone[oy
SIUQUIWIO))/SI[NSOY uonendod/azis ojdweg (Aue J1) 10708] parESHISOAU] TeOK/IOYINY /AN,

suonendod Surde ur uonw3od pue uOHLIINU JAIP UO S[BLI) PUB SAIPNIS JO Alewwing | I[qe],

pringer

As



899

Neurochem Res (2007) 32:893-904

‘Apnis
[eurpn)I3uo] sIy) ur (UonNITISul 10 AJIUNUWod)
Q0UQPISAI opNouUr 0} pajsnipe st YO oY}
USUM QUIM WOI} (Y WOIJ 109JJ0 9A1309)01d ON
*Apnis PA[[ONUOI-[[OAN
(£6°0-L°0 ‘IO %56 ‘S8°0 MSLI 9AIIB[DI) [OYOI[E JO
9d41 9y} JO POAISSQO J09JJ0 OU “QUI[OIP-SSI YIIM
UOTJRIDOSSE JUROYIUSIS B PR SIOYULIP 9JBIOPOIA

RIJUSWAP JO ISLI PIAseaIoUl [IIm
pajenosse jou drom v INd €U pue ‘Y4Nd 9-u
‘VANd ‘VANIN JO eiut MO pue [0131$3[0Yd
pue ‘jej suer} ‘pajeIrnjes ‘[ejo} Jo ayejur ysryg
‘passasse
JOu Sem 9eIUI ATRIQIP JBY) UI PAIIWI] ST APNIS SIY ],
‘uonyisodwod proe spidijoydsoyd
ewse[d pue SN U09MI9q "D0SSE ON

‘SUTWR)IA PUE IO YSY JO SIosn I0J 3saiqns
u3ISop JO0[g 9y} UO $II0JS 191813 A[JUBOYIUSIS
'SIBOA G'Q JOAO pamo[[o] ‘Apnis 9anoadsold
‘9yejul A3I9UQ 0) 9np uorduUNy
2ATUS0D Ur ofueyd pajewse pue [NYg
‘sorydergowop 103 sjuowsnlpe 1933e (50°0 > d)
souewioyrad 2ANIUSOd 19319q B YIIM PIJRIDOSSE
Apueoyrudis v.INd pue VANIA JO 9eiur ysig
sieJ pojernjesunijod
JO 199J30 9A1}09301d SpIBMO) PUAI} JUDILIUSIS-UON
TON Jo
Q0UOPIOUT PUE JB] ATBJOTP WOIM)Oq UOT)BIDOSSE ON
1891
uoneeoue)) N3 pue SINIA (S1S91 2ANIUS0D
7 PUE 9)ejuI pIoe £)jej pajeInjesunououwr
uooM}9q UOTR[a1109 9AT)Isod juesyrugig
‘s[eow
-USy SSO] 918 oym dso1) 0} paredwros yoom
/[edW Ysy 2IOW IO T 9)8 oYM 3soy} 10] (1eok
1od 9, ¢T-0]) POINPAI QUIOIP 2ANRIUTOD JO ey
sIedA g'¢ dn-moqjo] ueow ‘Apnis aandadsorg
(2000 = d)
dV PIm pajeIoosse A[Ieaur] jej o[qeiagoa
JO oyejul ‘sjej sueI} pue [ewrue syuounsnlpe
1013V "(S0°0 > puan 10] 4) AV UM PIIBIOOSSE
A[os1oAul syej pajernjesunijod 9-o jo ayejur
‘GOdV pue soryderowap 10y syuaunsnipe 1913y

INREIE]

uromp Arunwwod
‘Teuriou ‘Ay3ifeay g7z
yL = o3e UBON

ApmiS IEOH SOSINN

Q) Wolj Yj[eay JurAIeA
Jo uowom A[19p[d ZOT‘T1

pokaains s3oolqns
PolURUWIdp UOU GGE'S

G9 JO a3k 9} IOAO SUBIAJIA

0/& $9~ *A[19p[o
Suromp Arunwiwiod (G¢

/& $8-69 Aprop[o
Suromp Arunwwiod g/

o
/K $8-69 s109[qns A[10p[o
Suremp Ajunwwos g/

+0/& 69 A[Iop[o
‘Furfomp Aunwwod
[ewIou AYIeaY 8/

suostod Q/‘¢

+0/£ 69

(oureseq 1e) AJ10p[o

uromp Ajrunwwod
[eurIou ‘Ayifeay S8

[OYOO[e pueB SUIA

[0YoITY

1

ayejur poe Aneg

jeJ Surpnyour ‘ayejur pooJ

vdnd pue VANIN

spVy Aneq A1ejaiq

spoy A1eq

ayejul proe ANeg ¢-eSow) pue Ysi

oyeur jeg

[92] jsux aane[a1 Jo Apnis [eurpniiduo|
e A[10p[o oy} ur soueurojrod oAnIIUZ09
uo uonduwnsuod 055eq0) PuL dUIM JO S}IIJJ2 YL,

[¢z] uowom ur uonouny 2anUZ0d
uo uondwnsuod [0YoI[y JBIPOIA JO ST

U1 /104001

[s1] Apmig wrepronoy oyl
:¢19)3eW 1B SOO(] (NUOWAP JO YSLI pue 21

[#1] uonemndod Apnis
VA "01d oY) ur s309[qns A[19p[e ul spioe £11ej
A1e1a1p Aq po3odJje JOU oIk SUOIIOUNY SANIIUS0))
[€1] sproe A13e) ¢-u JO JUSWIOAJOAUL
9[qissod :sjuowoiddns pooy jo osn
9} pue ‘QoudII[[eIuI pooyp[IYd ‘Surde 9ANIUZ0D)

[11] Sudy
uo Apni§ [eurpnirguo uerfel] 9y} jo dn-mojoj
IBOA G'Q B 1OUIOP 9ANIUZ0D paje[dI-o3e

pue sproe A1jej pajeInjesun jo oyejur AIejdr(

[¢1] SuiBy uo Apmig [euIpnIISUO]
uere)] oy ], Juowaredwr oAnIugoo
Pl Jo 9l pue soyeIUl SpIoe A)jeJ A1ejarq

[01]
ouIpop 2ANIUS0o paje[ar-age jsurede sjoojord
9Yejul spoe 1)) pajeInjesunouow ysrg

[9] Apmis Ayunuwo) a8reT
® UI QUIP9( 2ANIUS0) pue uondwnsuo)) ysLy

[6] av 1uopmou] jo sy oyl pue sieq Arejorq

SIUQWIWO.)/SINSAY

uonendod/azis ojdweg

(Aue J1) 10308 parESnISOAU]

IBQA/IOYINY /OILL,

penunuod | JqeL

pringer

NS



Neurochem Res (2007) 32:893-904

900

adv Jo ysu

PoINpal M pajeoosse (9670 WY) [010ydosoy

eydje pue pooj woxy (£°0 W) d VA Jo ayejul
1oy3y ‘(183 Jo odAy Surpnpour) syuowisnlpe 1913y

($0°0 = 4) uonemp Sursearour

)M S9I09s IOUSIY I0J puax) pue (¢0'0 = d)

Posn IOAQU OYM UWOM URY} UT 10139q

Apueoyrugis sem s1osn juowojddns wire)-3uoy O
Urwe) A yim g uluelip Jo 9109s 1s9) S00 [8qO[DH)

9¢"0 = WY pasnlpe
poOoj woly FJ uleIA O[9[[e ¥ HOdV U3 1moyim
-om[ 91qe1o3aa pue iy jo adAy
I0J [0IUOD JO SOB[ oY) AQ paudyeom ST Apnis SIY [,
*(10°0 > puen 10J ) Joom 1ad sown
7 03 T sooml Sunyuup asoyy 10§ (62°2-1€°0 ‘IO
%S6) $8°0 JO o111 pIezey ® Yim Joom 1ad oouo
UeY) UIJO SSO[ JUBIP OYM ISOY) YIIM YoM
10d sown ¢ 1se9q 1B seoml yueip oym syoalqns
Surredwod (19°0-60°0 ‘IO %S6) ¥T'0 sem
9SeasIp s JOWIAYZ[Y 9[qeqoid 10J onel piezey
o) ‘s1opunojuod fenuejod 10y juoumsnipe 101y
"Apnis Po[OIIUOI-[[9AA
's1B9A 9 dn mo[[o} ueow ‘Apnjs [euIpmIFUO|
(660
=8-69°0 ‘ID ‘78°0 = W) AV JO JSH 1oM0]
[IIM POIBIdOSSE F pue ) SUIWRIIA JO 9eiul YSI
(1000 > 4 ‘s1un $(°Q) 9109s IANIUTOD
[8QO[3 191319q YIIM PIIeIdOSSe A[JuedyIugis
Sem ORI 9[qeI93oA (019 ‘SU9I3 pIejsnur
‘TJomOPI[Ned ‘1[02001q ‘93eqqeo—A[Iue]
PIBISNU) SNOIOJIONID QUI[IOP QANIUS0D
I0 uonIUS0D YIIM PIJBIOOSSE 10U OBIUT JINI]

(500> d '$S0

O paisnipe) enuowop JudpIoul pue JULULIP
uIm 9jeIopow uoamleq diysuone[ar 9SIoAU]
"Apnis pa[[OIUOI-[[OAN

(09'7—€1°T) 82°C = Yy paisnipe)

BIJUOWOP [IIM POIBIOOSSE A[JUBOYTIUSIS

sem 109q Jo oyejul ATyjuour [ym (AoAnoadsar

(98°0-€1°0) £€°0 PU® (Z8'0-€T°0) €¥°0 = YA

paisnipe) enuowop Jo YSLI JIOMO[ B [JIm
POIRIOOSSE QUM JO oyeIul A[joom pue AIUOIN

1€ ¥e 991J 9seasIp
‘9z ‘100lo1g Suidy
pue yi[eay 0Sedry) 8G1°9

110y

-00 ApniS YI[ESH S.9SINN
0/ (L2 ‘uowom

Suromp Aunuwwod 896y 1

qurjeseq
18 QV JO 9311 ‘+69G°T8

/A 69

IOAO AJISp[o UBOLIOWY

osoueder [ewou Ayjjeoy
‘Furromp Arunwwod 9¢g‘T

+0/A GG A[1op[e Sul[[omp
\muﬁ:ﬂEEOu Jeurrou
‘Ayireay s1oalqns ge's

ApmiS Yieol SoSINN

7L 9%

uBOW ‘UOWOM A[IOP[o
3uromp Ajrunuwod {8¢‘e1

+0/A 69 ‘A[1opT0
uromp Arunwuwod
[ewwtou ‘Ayfedy £L7°C

s[onuod Ayireay
979°T syuaned enuawap

€8 + 69 ‘A[1op[e
uromp Arunwwod gL T

oyejur juowarddns g JIA pue oyeIur poog

uonejuowo[ddng

SJUALIINU JUBPTIXO-TJUR IOYI0 PUE ) ‘H UTWEIIA

uondwnsuos 9ol 9[qe1989A pue NI

uonduwnsuos
uo 2IrRUUONSOND WO} OyeIUl JUBPIXO-NUY

oejuT 9[qeIOZ9A puUE JINI]

oum

[oqooTy

[L€] 23ueyo 2anuS0o pue aseISIp S IQWIYZ[Y
jueproul 0) w0y [010ydooo) 9y} Jo uoney

[8¢] uowom Arropro

Suromp Ajunwiwod ur UONOUNJ 9ANIUT0D
pue syuowa[ddns jueprxonue asop Y3y

[9g] Apmis Ayrunuruod [eroeIiq

B UI OSBOSIP S JOUWIAYZ[Y JUSPIOUT JO YSLI
oY) pue SJUSLIINU JUBPIXOT)UE JO dYBIUT ATRI_I(]

[#€] 10001 awey] oy :oseasig
S JOWIYZ[Y PUE SN[ 9[qeIa80A pue NI

[s¢] oseasIq s towYZIY
JO YSII pue SJUBPIXO-TJUE JO IYeIUl AIRIQI

[c¢] uowom Furde ur surpoop
aAnIu30d pue uondwnsuod 9[qe}dsoA pue jnij
(SUnuviIp) $a|quIada\ puv Sundg

[Lz] eore xneopiog
oy} ur Apnjs Ajrunwrwiod aAnadsold e
:A[I9P[o 9} UI eRUAWOP pue uondwnsuod auip

[8¢] enuowop
JO sl pue [oyod[e Jo 2dA) pue junowry

SIUOWO))/SINSAY

uvonendod/ozis ojduweg

(Aue J1) 10308} pa1ESNSOAU]

IBQA/IOYINY /NI,

ponunuod | Jqer,

pringer

As



901

Neurochem Res (2007) 32:893-904

‘pPoleN[BAd JOU Sem AIOWSA

(s0'0)

19119q S1s dnoi3 juounearn piemyoeq ueds NFIq
(400 = ) 1o19q Sis di3

juowleaI} pI[edar A3oo110d sired [oquiAig N3Iq

‘dnoi3 oqooerd

oy pue dnoi3 juoweiddns 9)e[0] oY) UGIMIAq

ySe) uonIug0oaI pIom pake[op B UO S9I00S

191199 sem Furpuy juedyIugdis A[uo ay) ‘sisd)
9ANIUS0O [B19A9S JO Ino ‘dnoid oFe 19pjo oY) UJ

UowoM UT UOT}OUNJ AI0UWoUr
19132q M POJRIDOSSe 9 pUE 9)B[0] pUB UIW
ur uonouny AIOWOW [IIM PIJeIdosse 9g pue Z1q

's1BdA 9 pue ¢ 1e dn-mof[oJ ‘Apnis [eurpniguo|
‘sjuedmoned jsopjo oyl Suowe A[uo
QUITO9P JOMO[S IIM PajeIoOSSe 7T YSIy ‘oxejur
9Je[0] YSTY /M "D0SSE QUI[OIP S0 JO 9JBI IdISe]

"S9I00S 1S9} QATIIUS0D UQIM]dq

QOUQIQJJIP JUBAD[QI OU ‘QI0JS XOpU] AdBIUJH UO
JuowWaA0IdWI UT 9OUSISJJIP JUBIYIUSIS A[[eONISNIEIS

S[OAQ] BUSWIAP [J0q jo sjuaned

pojean) g UTWelIA [Im Furiso) 9ANIuS0o

U0 }99JJ0 OU ‘S[OAQ] BNUAWIAP Yjoq Jo sjuaned
pojean) g urwellA I0J PIseaIdul SAoualeT 00cd
*ApnIs pO[[OIIUOI-[[I M

H UTejrA

)M soudIe] 00gd paseanu] Tizadouoq

pUE QUTWSNSBATY )M SOIOUdIR] 00Ed

POseaIdd(] ([PHDV YA 1gouoq [rews ‘dnoid
T NA JIm Funse) ‘500 uo sjuowasordur oN

dnoi3 g
NA UM QV 03 uoissar3ord ur soouaragip SIs oN

T'y T S'6f 286 oFeroae
‘uowom Tesnedoustr
-1sod ‘Ayreoy gL

/A 7659 5L

0o/& 556 ‘08

/& 0€-0T ‘95
uowoMm I9p[o pue ‘poge
-o[pprut ‘3unoA Ayireoy
‘Furfomp Arunwiwod 11g

93 o[ppruu
JO uUoWIOM pue USW
Suromp Ajrunwwiod ¢9T¢1

+0/& 69 A[19p[o
Suromp Ajrunwwiod Qy/°c

QUOUIQIP] POAID
-9I $()JQULIDR], PIAIIIAI 66
‘avd ym sid gog

's3d Qv e1eIopOow ()¢
sid qQv pliw og

dnoi3 osurwdnseary 91
dnois 7 yA 81
dnoi3 pizedsuo(q (g
(avd e) sioyordwod yg
AYAE!
VA €6¢ izedouo 65T
:0Qa2e[d AV QlqrIssod
I0 dvd UQQO_PV@U
It ‘swalqns IDIN 69L

Kep/3w ()9 SOUOARYOSI A0S

0qaoe[d YO 9g Sw ‘g, z1d 81 GT ‘o103 3 (6L

arreuuonsonb pooy j10dox
JI9s pue snjejs Arowowr pue 309 310dar Jjog

arreuuonsenb poojy woiy ‘zTg ‘o1e[o]

QULIOB], QUOUQOP]
skep GT ‘sypuout ¢
10J 3w ] Aq pamof[o] sAep ¢1 10} [1zadouog
Jo Sw ¢ pue ] 000°C Aq pamof[of skep ¢ 10§
d urweyA jo N[ 0001zedouoq pue g urwe)rp

urusnseAry g urwe)iA [izedouoq

[1zedouo(q
Sw O] J MA NI 000°C [1Zzadouo( pue g UrweiIp

[oz] Apmis parjonuos ogaoerd purq
9[qnop ‘pezrwiopuel e :uowom [esnedouowr
-1s0d uo suago13so01Ayd yim juowjean)
JO $109JJ0 ) JO JUOWUSSISSE [BIISO[OYIAS]
fog

[59] soSe snorrea
JO uQWoM UI poouwl jou Inq ddueuriojrod
A1owowr s30935e AySips uonejuowaddns
0g UIWEIA 10 ZTg UIWBIIA ‘9)R[0] ULIS)-}I0YS
[¥S] ogrprw
Ul UQWIOM pUE UQW URI[EIISNY Ul Suroq
-[1om [eo13o[oyoAsd pue uonoung 9ANRIUI0d
poiodai Jjos pue 9g pue glg UIWEBIIA pue
91B[0J JO OBIUT ATRIJIP USOM]AQ SUONBIIOSSY

[#9] suosiad

I9p[O FUI[oMp AJUNWWOD FUOWE JUIOIP
2AITUS0D pue aYeIuI ZTg pue 9)e[0J ATe)ar([
Sunuviin-q4

[er] Apmis 19u00-nNW dnoin

[o[[e1ed ‘puiig-2[qno( ‘pazIopuey € jo

S)NS9Y :9SeasI(] S JOWIAYZ[Y )M S)Udned ul
QULIOBT, SNSIOA QUOUAQAP] JO Adeoyjy pue A1o7es

[1%] oseasiq s.JowIoyZ[Y
QI0ASS-9JBISPOUI SNSIOA P[IW 7 }IBJ :9SBISI(T

S JOWIYZ[Y UI 7 UTWe)IA SnsIdA [1zodouo(y

[ot7] sypuowr 9 1940 UOTIEN[RAD

o13ojoyoAsdornouy/sienyuojod pojefor

-JU9AD )0EJ PRUIqUIOD B :SBISI(T S JOWIYZ[Y
ur g urwejrA pue ‘ourwusnsealr ‘qzadouoq

[6€] yuownrredur aanrugos pru
Jo judunjean) ay) 1oy izedouog pue g UneIA

SIURWIWO)/SINSAY

uone[ndod/ezis ojdwes

(Aue J1) 10308] ParESNSAU]

Ieok/ 10Ny /oNLL,

penunuod T dqe],

pringer

NS



Neurochem Res (2007) 32:893-904

902
Q
L
=}
i
Q
9
[=%
g
R=
ww
=
o
e
Q
s
[}
=
< | e
5|7
g &
g | &b
S| =
Ol 5
21 E
g
2| g
o | =
K| =
=
s}
S| =
=%
=
al 2
Q| «
21 o
o | =
N | o
a | E
of 2
a | ©
g &
s | o
x| @
w)
Az
Q
9}
z
©
St
o
el
=] 8
S| o
< | o
= =
VQ_‘
I~
go
>
s18
<
Bl &
= 2
| Z
2
8| E
o
=3
>
o)
w
o
[
w)
Az
Q
[
z
O
-
Q
=
<
-
=
Q
5
Bls| 2
5| 8§ ©
= | 2| 5
SEl>] &
H}_E
gElc| &
AT
!—1<~:
2 35| 8
S(=| 2
=l=10

@ Springer

reversal” (P < 0.05) and “‘complex rule

women (51-66)

supplements in post-menopausal women is
limited to frontal lobe function [22]

reversal” (P < 0.03) and “‘planning ability”

(P < 0.05)
No effects of soy on long-term memory, category

generation, or sustained attention.

After 1 year, no significant differences between

202 healthy post-

Effect of soy protein containing isoflavones on 25.6 g of soy protein, containing 99 mg of

groups on tests of cognitive domains including
memory, executive function, naming, verbal

fluency, and attention.
Treatment group did significantly better on

menopausal women, 60—

75 ylo

isoflavones

cognitive function, bone mineral density, and
plasma lipids in post-menopausal women: a

randomized controlled trial [23]
Isoflavones and cognitive function in older

56 healthy, normal

110 mg isoflavones/day or placebo

category fluency (after age and edu

community dwelling
women 55-74 y/o

women: the Soy and Post-menopausal Health

in Aging study [21]

0.05), no significant

differences on measures of memory or
executive function (Trails A and B)

adjustments P

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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