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Abstract: Thereis convergingevidencehat compositalietary patternssuchas
the Mediterranean diet (MeDi) is related to lower risk for a series of non-
neurological medical conditions and diseases. We investigated the association
betweerMeDi and risk for AlzheimerOBiseas€AD) in a community-basedtudy
of 2,258 nondemented individuals, who were prospectively evaluated every 1.5
yearsfor 4 (£ 3.0,0.2D13.9) years.Adherenceo the MeDi (0-9 point scalewith
higher scoredndicating higher adherencejvas the main predictorin Cox models.
Adjusting for multiple patential confounders, higher adherence to the MeDi was
associatewith lowerrisk of AD (HazardRatio[HR], 0.91,95% ClI, 0.83-0.98p =
0.015). Compared to subjects in the lowest MeDi tertile subjects in the middle
MeDi tertile hada HR of 0.85(0.63-1.16)and thoseat the highesttertile a HR of
0.60(0.42-0.87)for AD (p for trend 0.007).We concludethat higheradherencéo
the MeDi is associated with a reduction in risk for AD in a dose-responsive
manner.
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INTRODUCTION

Diet may play an important role in the causation and prevention of AD
but epidemiological data on diet and AD have been conflicting [1]. Part of
the explanation could be an individual food or nutrient approach while
there is paucity of data regarding the effect of composite dietary patterns on
the risk of AD. Dietary pattern analysis has recently received growing
attention in relation to many non-neurological diseases because individuals
do not consume foods or nutrients in isolation but rather as components of
their daily diet. Defining diet by dietary patterns has the ability to capture
its multidimensionality while reducing its complexity because patterns can
integrate complex or subtle interactive effects of many dietary constituents
and bypass problems generated by multiple testing and colinearities [2].

One such dietary pattern is the MeDi which has been associated with
lower risk for several forms of cancer, obesity, dylipidemia, hypertension,
abnormal glucose metabolism, coronary heart disease and overall mortality
[3]. The MeDi is characterized by high intake of vegetables, legumes, fruits
and cereals; high intake of unsaturated fatty acids (mostly in the form of
olive oil), but low intake of saturated fatty acids; a moderately high intake
of fish; a low-to-moderate intake of dairy products (mostly cheese or
yogurt); a low intake of meat and poultry; and a regular but moderate
amount of ethanol, primarily in the form of wine and generally during
meals [3]. The MeDi seems to include many of the components reported as
potentially beneficial for AD and cognitive performance but it had not been
previously investigated in relation to neurological conditions or AD in
particular.

METHODS-DESIGN

The present article summarizes previous analyses that included subjects
from the Washington Heights-Inwood Columbia Aging Project 1992 and
1999 cohorts which were identified (via ethnicity and age stratification
processes) from a probability sample of subjects ! 65 years old residing
within a geographically defined area of northern Manhattan — New York
[4]. At entry and approximately every 1.5 years thereafter subjects
underwent detailed physical, neurological and neuropsychological
examinations and were assigned diagnoses (i.e. normal cognition, MCI, AD
according to NINDS-ADRDA criteria, other dementias using appropriate
criteria) in consensus diagnostic meetings of Neurologists and
Neuropsychologists.

Dietary data regarding average food consumption over the year
preceding the interview were obtained at baseline evaluation using a 61-
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item version of Willett's semi-quantitative food frequency questionnaire.
We followed a previously described method [3] for the construction of the
MeDi score for each participant: range 0-9 with higher score indicating
higher adherence to the MeDi.

Using data of subjects who were non-demented at baseline, we calculated
Cox proportional hazards models with AD incidence as the outcome and
MeDi (either in continuous or in tertile form for trend effects) as the main
predictor. We simultaneously adjusted for the following variables: cohort,
age at intake in the study, gender, ethnicity, education, APOE, smoking,
comorbidity index, caloric intake and body mass index.

RESULTS

We first examined whether adherence to the MeDi was stable over time.
Although dietary assessments were performed at baseline for most subjects,
there were 503 subjects with additional dietary information during follow-
up (for a mean time interval between dietary assessments 7.3 years [+ 2.28,
range 1 —12.8]). GEE analyses of these dietary data indicated that the MeDi
score did not change over time (8 = 0.03, p = 0.28).

There was no association between MeDi score and age, gender,
education, APOE genotype, medical comorbidity index or body mass index.
Hispanics adhered more and Blacks less to the MeDi pattern. Subjects
adhering more to the MeDi tended to smoke less and had lower caloric
intake.

Subjects were followed (until AD incidence or last follow-up for subjects
who remained non-demented) for an average of 4.0 (+ 3.0, 0.2- 13.9) years.
Among 2226 subjects who were non-demented at baseline, 294 subjects
developed incident dementia, of which 262 were AD (184 / 262 were AD
without stroke). Higher adherence to the MeDi was associated with
significantly lower risk of developing AD in both unadjusted and adjusted
models (table 1). Each additional unit of the MeDi score was associated with
9-10% less risk of developing AD. Compared to subjects in the lowest MeDi
tertile, subjects in the middle MeDi score tertile had 15 — 21 % less risk of
developing AD, while those at the highest tertile had 39 — 40 % less risk of
developing AD, with a significant a trend for a dose-response effect.

Supplementary analyses

The coefficients remained virtually unchanged and the associations
significant in models excluding subjects with baseline evidence of cognitive
impairment (CDR = 0.5) and those followed for less than 2 years. When the
same models were run with probable AD without stroke as the outcome
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(excluding AD with coexisting stroke, n = 78) the associations were again
unchanged. In order to examine whether possible associations between
MeDi and risk for AD was driven by associations of particular food
categories, we included all 9 individual dietary components used to
calculate the MeDi score in stepwise forward selection Cox models. Mild to
moderate alcohol consumption and higher vegetable consumption were
associated with decreased risk for AD in unadjusted models but in adjusted
ones none of the individual components was a significant AD predictor.

Table 1
Hazard Ratios (HR) for AD by Mediterranean Diet (MeDi) score. Model 1 is
unadjusted. Model 2 is adjusted for cohort, age, gender, ethnicity, education, APOE
genotype, caloric intake, smoking, comorbidity index and body mass index.

Model MeDi continuous MeDi tertiles
HR (95%Cl) P HR (95%Cl) P for trend

1 0.90 (0.83-0.96) 0.003 Low 1 (reference) 0.003
Middle 0.79 (0.60 —1.04)
High 0.61 (0.44 -0.85)

2 0.91 (0.83-0.98) 0.015 Low 1 (reference) 0.007
Middle 0.85 (0.63 —1.16)
High 0.60 (0.42-0.87)

DISCUSSION

We found that higher adherence to the MeDi is associated with a
reduction in risk for AD. The gradual reduction in AD risk for higher tertiles
of MeDi adherence suggests a possible dose-response effect. The association
between high adherence to the MeDi and lower risk of AD may be mediated
by the composite effect of some of its beneficial components, such as higher
intake of fish, fruits and vegetables rich in antioxidants, unsaturated fatty
acids or ETOH. Interestingly, none of the individual food components was
by itself a significant AD predictor in the adjusted models. These results
strengthen the notion that composite dietary patterns can capture
dimensions of nutrition that may be missed by individual components and
that an overall dietary pattern such as the MeDi is likely to have a greater
effect on health than a single nutrient because possible additive and
interactive (antagonistic or synergistic) effects among nutritional
components, may be integrated.

The MeDi may play a role in multiple potential mechanisms of AD
pathogenesis [5]. First, although we found that higher adherence to MeDi
reduced risk for probable AD either with or without coexisting stroke, it is
still plausible that the biological effect of MeDi could be partially mediated
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by vascular mechanisms. Presence of either clinical strokes, silent brain
infarcts or white matter hyperintensities have been associated with higher
risk not only for vascular dementia but also for AD. Similarly, there have
been reports relating a series of cardiovascular risk factors (including
dyslipidemia, hypertension, but in particular diabetes) with risk for AD. At
the same time, there is strong evidence relating the MeDi to lower risk of
vascular risk factors such as dylipidemia, hypertension, abnormal glucose
metabolism and coronary heart disease [3].

The MeDi effect may also be partially mediated by oxidative mechanisms.
Growing evidence implicates oxidative damage in the pathogenesis of AD,
with neurons at risk for AD degeneration having increased lipid
peroxidation, nitration, free carbonyls and nucleic acid oxidation. Many
substances with important antioxidant properties such as complex phenols,
olive oil, wine, fruits and vegetables, vitamins C, E and carotenoids are
found in high concentrations in the typical components of the MeDi.
Typical Mediterranean meals or meals rich in typical Mediterranean food
elements such as olive oil, pomegranate juice, tomato products or Gaspacho
have been shown to increase enzymes with antioxidant properties such as
paroxonase and plasma carotenoids and to reduce markers of oxidations
such as isoprostanes.

It is also possible that the MeDi may (at least partially) lower the risk of
AD by affecting inflammatory processes. Inflammation is a potential
mechanism for AD pathogenesis [5] and it has been found to be associated
with a higher risk of AD and cognitive decline . CRP (a proposed biomarker
for AD) is an inflammatory substance that has been detected in neuritic
plaques and neurofibrillary tangles and is up-regulated in AD brains and
serum as compared to controls. Higher adherence to the MeDi has been
associated with lower CRP levels in both observational and interventional
studies. Using as an example another inflammatory marker, interleukin-6
has been consistently detected in diffuse early amyloid plaques of cortical
regions of AD patients, and has been associated with greater cognitive
decline and an increased risk of dementia during follow-up. Tyrosol and
caffeic acid, both found in extra virgin olive oil and in wine, (which are
essential components of the MeDi), have been shown to significantly reduce
interleukin-6 production from peripheral blood mononuclear cells of
healthy volunteers. At the same time, higher adherence to the MeDi (either
in observational cohorts or in clinical trials) has been associated with
significant reductions in interleukin-6 levels.

An alternative explanation for our finding is that adherence to the MeDi
could relate to socioeconomic status or to other habits or characteristics
related to better health and hence lower risk for AD. However, the
associations between MeDi and AD remained unchanged and significant
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even when simultaneously adjusting for the most commonly considered
potential confounders. It is also possible that lower adherence to the MeDi
could represent a consequence and not a cause of AD. However, we found
remarkable stability in MeDi scores over intervals greater than 7 years for
subjects with multiple dietary assessments and the associations between
MeDi score and incident AD did not change when subjects with mild
cognitive deficits at baseline and subjects with less than 2 years of follow-up
were excluded.

In conclusion, our results indicate that the beneficial effects of MeDi for
cardiovascular disease, cancer and overall mortality may extend to the
prevention of AD, a finding with mechanistic support and biological
plausibility. Although it has been argued that it is easier to prescribe drugs
than to change the dietary habit of subjects, the Lyon Diet Heart study
indicated that most experimental subjects were still following the
recommended to them MeDi several years after randomization.
Additionally, the American Heart Association has issued a scientific
advisory stating that a Mediterranean-style diet demonstrates impressive
effects on cardiovascular disease. However, it is very premature to
recommend the MeDi for prevention of AD based on our observational
study, which is only the 1st report of such an association and should be
replicated.
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