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Abstract

Background—Adherence to a Mediterranean diet may help prevent cognitive decline in older
age, but studies are limited. We examined the association of adherence to the Mediterranean diet
with cognitive function and decline.

Methods—We included 6,174 participants, aged 65+ years, from the cognitive sub-study of the
Women’s Health Study. Women provided dietary information in 1998 and completed a cognitive
battery 5 years later, followed by two assessments at 2-year intervals. The primary outcomes were
composite scores of global cognition and verbal memory. The alternate Mediterranean diet
adherence 9-point-score was constructed based on intakes of: vegetables, fruits, legumes, whole
grains, nuts, fish, red and processed meats, moderate alcohol, and the ratio of monounsaturated-to-
saturated fats.

Results—After multivariable adjustment, the alternate Mediterranean diet score was not
associated with trajectories of repeated cognitive scores (P-trend across quintiles=0.26 and 0.40
for global cognition and verbal memory, respectively), nor with overall global cognition and
verbal memory at older ages, assessed by averaging the three cognitive measures (P-trend=0.63
and 0.44, respectively). Among alternate Mediterranean diet components, higher
monounsaturated-to-saturated fats ratio was associated with more favorable cognitive trajectories
(P-trend=0.03 and 0.05 for global cognition and verbal memory, respectively). Greater whole
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grain intake was not associated with cognitive trajectories, but was related to better average global
cognition (P-trend=0.02).

Conclusions—In this large study of older women, we observed no association of the
Mediterranean diet with cognitive decline. Relations between individual Mediterranean diet
components, particularly whole grains, and cognitive function merit further study.

The Mediterranean-style diet refers to the traditional dietary practices of countries bordering
the Mediterranean sea; these diets include high consumption of plant foods, moderate
consumption of fish and wine, low consumption of dairy products and meat, and intake of
monounsaturated fatty acids as the primary fat source (in the form of olive oil).1 In various
populations, a score reflecting adherence to the Mediterranean diet has been related to a
lower risk of mortality, particularly cardiovascular-disease-specific mortality.?3 Since
vascular factors are associated with heterogeneous brain pathology which can lead to
impaired cognitive function and dementia, we hypothesized that adherence to the
Mediterranean diet could also help reduce cognitive decline and dementia. However,
epidemiologic evidence is limited. Interestingly, in two US cohorts with modest adherence
to the Mediterranean diet pattern, higher Mediterranean diet score was associated with lower
risk of Alzheimer disease (AD)® and mild cognitive impairment,® and with slower cognitive
decline;’ in contrast, in France, where the adherence to the Mediterranean diet is more
common, greater Mediterranean diet adherence was related to less cognitive decline, but not
to reduced risk of dementia.8 Several other observational studies failed to report any
significant association between Mediterranean diet adherence and cognitive function®10 or
incidence of mild cognitive impairment or dementia.11-12 Thus, overall, the existing data
from the few studies available are conflicting in their findings, and more studies are needed
to help clarify the relation between the Mediterranean diet and cognition. In addition,
although it is clearly of value to consider dietary patterns, it is challenging to understand
how diet patterns might impact health in the absence of data regarding the relations with the
individual components of a given dietary pattern. Surprisingly little is known about the
relative contribution of each component composing the Mediterranean diet pattern in
association with cognitive health. That is, even if the Mediterranean diet construct is truly
relevant to cognitive aging, it is unclear if the putative beneficial effects are derived from the
overall Mediterranean diet pattern or are mainly due to one or more specific food(s).

We therefore examined the association of adherence to the Mediterranean diet, and of intake
of specific components of the Mediterranean diet, to cognitive function and decline over 4
years in 6,174 participants from the Women’s Health Study.

METHODS

Study population

The Women’s Health Study was a randomized, double-blind, placebo-controlled 2x2
factorial trial of low dose aspirin and vitamin E supplements for the primary prevention of
cardiovascular disease and cancer in women. Details on the study design, baseline
characteristics and main results were published previously.13-17 Briefly, between 1992 and
1995 (henceforth referred to as “baseline™), 39,876 US female health professionals, aged =
45 years and with no history of coronary heart disease, cerebrovascular disease, cancer
(except non-melanoma skin cancer), chronic liver or kidney disease were randomized to one
of the four arms. All participants provided written informed consent. At trial baseline,
participants completed a questionnaire about medical history and lifestyle, including a food
frequency questionnaire (FFQ). Annual mailed questionnaires were sent to participants
subsequently to update health and medical information. Follow-up was >99% through the
scheduled end of the trial, on March 31, 2004.
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In 1998, an average 5.6 years after trial baseline, a substudy of cognitive function was
initiated among participants aged = 65 years. Among age-eligible women, 6,377 (88.9%)
completed the initial cognitive assessment by telephone. The participants underwent two
follow-up cognitive assessments, at approximately 2-year intervals, with 80% participation
rate;18 the average time span between first and third assessments was 4 years. The
randomization agents (aspirin and vitamin E) had no significant effect on cognitive decline,
as published previously.18:19 This study was approved by the Institutional Review Board of
Brigham and Women’s Hospital (Boston, MA).

The present study was conducted among 6,174 participants with complete dietary data in the
Women’s Health Study and with at least one complete cognitive assessment.

Cognitive assessment

Cognitive testing was performed by telephone by trained nurses. The cognitive battery
included (i) the Telephone Interview for Cognitive Status; (ii) immediate and (iii) delayed
recalls of the East Boston Memory Test; (iv) delayed recall of the Telephone Interview for
Cognitive Status 10-word list; and (v) category fluency. The Telephone Interview for
Cognitive Status?? (range 0-41 points) is a telephone adaptation of the Mini-Mental State
Examination?! which assesses global cognitive performance. The East Boston Memory
Test?2 (range 0-12 points) assesses verbal (episodic) memory. The 15-minute delayed recall
of the Telephone Interview for Cognitive Status 10-word list (range 0-10 points) also
assesses verbal memory. Finally, the category fluency test assesses language and executive
function.23 Validity and reliability of our telephone cognitive assessment are both high.18

Our two primary outcomes were composite scores of global cognition and verbal memory.
At each of the 3 cognitive assessments, a global cognitive score was computed as the
average of z-scores of all the five cognitive tests included in the battery. Likewise, a verbal
memory score was calculated as the average of z-scores of the four tests assessing verbal
memory. We calculated z-scores at each time-point using the distribution of scores at the
first cognitive assessment.

Dietary assessment and Mediterranean diet score

At baseline in the parent Women’s Health Study (an average 5.6 years before initial
cognitive testing), frequency of consumption of foods and beverages over the preceding year
was ascertained using a validated, 131-item semi-quantitative FFQ.24 For each item, the
possible answers ranged from “never or less than once a month” to “six times per day”, and
a portion size was specified in order to estimate the quantity consumed daily. Where
relevant, food intake estimations were converted into nutrient intake by multiplying the
consumption quantity of each relevant food by its nutrient content, using the database of the
US Department of Agriculture.

The alternate Mediterranean diet adherence 9-point-score was constructed, using a
methodology described previously.2 This score slightly modified the original Mediterranean
diet score published by Trichopoulou et al,! to be more relevant to US participants. For
example, the original Mediterranean diet does not distinguish between whole and refined
grains; the alternate Mediterranean diet included 9 components: vegetables (based on 25
vegetable items in our FFQ, excluding potatoes), fruits (base on 14 fruit items, including
fruit juices), nuts (peanuts and other nuts), whole grains (dark bread, brown rice, oatmeal/
bran, wheat germ, crackers/wheat thins and other grains), legumes (peas, beans and tofu),
fish (dark-meat fish, tuna, light-meat fish, shrimp and other seafood), red and processed
meats (beef, pork or lamb as a main dish or in mixed dishes, hamburgers, hot dogs, bacon
and other processed meats) (servings/d), moderate alcohol, and the monounsaturated-to-
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saturated fats ratio (fats intakes were estimated from their food sources or added fats). For
each of the components which were hypothesized to be beneficial to health, 1 point was
given to a participant if intake was above the median, 0 otherwise; for alcohol, 1point was
given if intake was between 5-15g/day; for items which were hypothesized to be detrimental
to health, 1 point was given if intake was below the median, 0 otherwise.

We additionally evaluated alternate Mediterranean diet score components separately.
Detailed results regarding relations between fish intake (including types of fish and seafood)
and cognitive change are provided elsewhere,2> and are thus not presented here.

Other variables

Socio-demographic, lifestyle and health-related covariates were obtained from the
questionnaires at baseline in the Women’s Health Study (except age and lifetime depression
status, which were defined as of initial cognitive testing). The self-reported information
from these nurse participants was highly valid as determined by validation studies in the
Women’s Health Study.26

Statistical analyses

Computation of the Alternate Mediterranean diet score—Intake of each Alternate
Mediterranean diet score component was calculated as the sum of intakes of relevant food /
nutrient items derived from the FFQ. For most items, missing values were found in <2% of
the sample: we assigned missing data a value of 0. Alternate Mediterranean diet score was
computed as the sum of all 9 binary components.

Relation between the alternate Mediterranean diet score and its components
and cognitive function—Statistical analyses utilized two different, complementary
approaches. In the primary analysis, we modeled the trajectories of the three repeated
cognitive scores and their relation to dietary predictors using general linear models of
response profiles.2” We used models of response profiles because the patterns of cognitive
performance over time were non-linear in this cohort.18 In this method, time was considered
as a dummy variable, and data were summarized by the estimated mean response at each
occasion stratified by levels of the group factor. The null hypothesis of parallel mean
response profiles is evaluated through testing overall groupxtime effect. We used maximum
likelihood based estimations and Wald tests for statistical inference. We examined linear
trends across dietary predictor categories using a continuous variable in which participants
in a given category were assigned the median value. The covariance of repeated measures
was assumed to be unstructured.

In a secondary approach, we averaged the three repeated measures of cognitive function to
create an outcome representing overall cognitive status at older ages, and modeled the
association of dietary predictors with cognitive status using linear regression. Averaging
repeated measures of cognition was relevant to our data, as it attenuates variability in each
single cognitive assessment, which may be helpful when cognition is measured over short
time periods in largely healthy, educated participants such as ours.

Models were adjusted for age at the start of cognitive testing (years), race (white vsnon-
white), higher education (bachelor’s degree or higher vsassociate’s degree or lower), annual
household income (=$50K vs < $50K), energy intake (Kcal), Women’s Health Study
randomized treatment assignment (aspirin and/or vitamin E), regular vigorous exercise (=1
vs <1 occasion/week), body mass index (BMI; body weight/height? [kg/m?], <25, 25-29,
>30 kg/m?), current smoking, history of type 2 diabetes (self-reported), history of
hypertension (self-reported history of hypertension, use of antihypertensive medications, or
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systolic blood pressure =140 mmHg or diastolic blood pressure > 90 mmHg), history of
hypercholesterolemia (self-reported history of elevated cholesterol, use of lipid-lowering
medications, or blood cholesterol >240 mg/dL) and post-menopausal hormone use (ever/
never), history of depression (self-reported lifetime history of physician-diagnosed
depression). Considering education, smoking and vigorous exercise in 3 categories (e.g.,
associate’s degree, bachelor’s degree, master’s or doctorate’s degree; never, former, current;
<once/week, 1 to 3 times/week, >=4 times/week, respectively), as well as further adjustment
for eggs, dairies and potatoes intakes in multivariate models did not materially change the
results, so we chose to present the more parsimonious model described above.

Income data was missing for >5% of the sample; thus, a specific missing category was
created. Missing values for BMI (2.3% of the sample) were imputed to the referent category
(<25). For all other covariates, participants with missing information were <1% of the
sample and were therefore also assigned to the reference group.

Secondary analyses—We examined potential effect modification by key risk factors for
cognitive change: age at first cognitive visit, education and cardiovascular risk factors.

Since the average cognitive status may vary according to time (independently of age) and to
the number of cognitive assessments, we secondarily adjusted linear regressions of average
cognitive status for (/) the pattern of repeated cognitive measures (third visit as last visit;
second visit as last visit; first visit only) and (//) the delay between study baseline and the
average date between first and last cognitive visit. Moreover, in order to take into account
the imbalance between cognitive measurements across participants, we secondarily modeled
the average measure of cognition using repeated measures modeling. As in the analysis of
response profiles, time was considered as an indicator variable and we assumed an
unstructured covariance of repeated measures.

Finally, we conducted a sensitivity analysis excluding the 455 participants with
cardiovascular events (i.e., confirmed cases of nonfatal myocardial infarction or stroke,
cardiovascular deaths and vascular disease as evidenced by coronary artery bypass graft,
coronary angioplasty or stenting) between randomization and end of the trial, because this
may represent a group especially likely to change their diet after the baseline FFQ.

At the start of cognitive testing, the participants were 71.9 years old on average (SD = 4.1).
Women with greater alternate Mediterranean diet adherence had higher education, practiced
regular physical activity more often and were less likely to be current smokers (Table 1).
They also reported less diabetes and more postmenopausal hormone use. In addition, a slight
decrease in mean BMI was observed across quintiles of alternate Mediterranean diet score.
In general, there were large differences in intake of each dietary component from the bottom
to top quintiles of the alternate Mediterranean diet score.

Relation between the alternate Mediterranean diet score and cognitive function

The median score on the alternate Mediterranean diet was 4, out of a possible 9 points
(Table 2). Eighty-two percent of women were followed for cognition until the third visit,
10% until the second visit and 8% provided baseline cognitive information only. After
multivariable adjustment, the alternate Mediterranean diet score was neither significantly
associated with the 4-year trajectories of mean repeated global cognitive scores (~-
trend=0.26, Figure 1A) nor with 4-year trajectories of verbal memory scores (~-trend=0.40,
Figure 1B).

Epidemiology. Author manuscript; available in PMC 2014 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Samieri et al. Page 6

Comparable findings were observed using the secondary approach of averaging cognitive
scores. Alternate Mediterranean diet score was not associated with the averaged measure of
global cognitive function (~-trend=0.63, Table 2) or with average verbal memory (#-
trend=0.44, Table 2).

Relation between alternate Mediterranean diet score components and cognitive function

When we considered each alternate Mediterranean diet score component individually, the
higher quintiles of monounsaturated-to-saturated fats ratio were related to better trajectories
of global cognition (P-trend = 0.03, Figure 2A) and verbal memory (P-trend = 0.05, Figure
2B). The multivariable-adjusted mean difference in cognitive change, comparing extreme
quintiles of the ratio, between the first and the third visits was 0.07 standard units (SU) (95%
Cl =0.01; 0.12, P=0.02) for global cognition and 0.07 SU (95% CI = 0.01; 0.14, P=0.03) for
verbal memory. Other components were not significantly associated with mean trajectories
of global cognition (Figure 2A) or verbal memory (Figure 2B).

In our secondary approach considering averaging cognitive scores, a higher
monounsaturated-to-saturated fats ratio was paradoxically associated with worse averaged
global cognitive score (P-trend = 0.002, Table 2); further adjustment for trans fats and
polyunsaturated fatty acids did not change the magnitude of this paradoxical association.
However, the monounsaturated-to-saturated fats ratio was not related to average verbal
memory (P-trend = 0.13, Table 2).

Moreover, greater whole grain intake was related to better average global cognitive function
(P-trend=0.02, Table 2), but not to average verbal memory (~-trend=0.48, Table 2). Other
alternate Mediterranean diet score components were not significantly associated with
average global cognitive function or verbal memory (Table 2).

Secondary analyses

Further adjustment for the pattern of repeated cognitive measures and the delay between
study baseline and average date of cognitive follow-up did not substantially change the
associations of dietary predictors to average cognitive status. Likewise, modeling the
average cognitive function with repeated measures modeling, we obtained similar
associations. Finally, the results were unchanged when excluding the 455 incident cases of
cardiovascular events.

We did not find any modification effect of age, education or cardiovascular risk factors for
the relationship between alternate Mediterranean diet score and cognitive status. We
additionally explored whether these factors may modify the relation between the
monounsaturated-to-saturated fats ratio and average global cognition.

This association was modified by age (= 71 vs< 71 years) (A< 0.001 for interaction): a
higher monounsaturated-to-saturated fats ratio was only associated with worse averaged
global cognitive score among participants < 71 years.

DISCUSSION

In a large sample of older women, we found no evidence of an association between
adherence to the Mediterranean diet and trajectory of cognitive performance or averaged
cognition in older age. However, a greater monounsaturated-to-saturated fats ratio was
associated with more favorable profiles of global cognitive and verbal memory change over
4 years. Yet, a greater monounsaturated-to-saturated fats ratio was also associated with
worse averaged global cognitive scores, and this was driven entirely by persons below
median age. The explanation for these findings on the monounsaturated-to-saturated fats
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ratio is unclear, and we cannot exclude that is would be present by chance. We also found a
suggestion of modest associations between higher whole grain intake and better averaged
cognition; to our knowledge this is the first prospective examination of the relation between
whole grains and cognitive aging. However, we did not detect relations of whole grain
intake to cognitive change; thus, findings were not entirely consistent and require further
study in other cohorts. Furthermore, in this cohort, we did not find any association between
total fish intake (as considered to construct our alternate Mediterranean diet score) and
cognitive trajectories; however, higher intakes of dark-meat/fatty fish and tuna (e.g., fish
species with greater long-chain omega-3 fatty acids content) were specifically related to a
more favorable cognitive profile, as described in depth in another publication.

While several previous studies found an inverse association between Mediterranean diet
adherence and cognitive decline,”8 incidence of mild cognitive impairment® and AD," the
absence of association between alternate Mediterranean diet score and cognitive function in
our cohort (and others®-12) raises several questions. First, despite our sample size being 3—4
times greater than those of the largest previous studies,®8 while having a similar of follow-
up, we did not find any association of alternate Mediterranean diet to cognition.
Furthermore, we have previously demonstrated significant associations between dietary
factors and cognitive change, suggesting that our findings did not result from inadequate
statistical power due to a narrow distribution of the cognitive outcomes in this well-educated
sample.

Secondly, a narrow range of alternate Mediterranean diet scores in our US-based population
may have decreased power to detect associations with cognition. For example, the
monounsaturated-to-saturated fats ratio is about 2.5 times higher in Mediterranean countries
than in the US.28 Nevertheless, most of the significant associations between Mediterranean
diet and cognition were found in US cohorts, and the distributions of Mediterranean diet
components did not differ substantially between our cohort and other US studies,’
suggesting that lack of power due to a narrow distribution of dietary exposures does not
fully explain our null findings.

Another explanation may be the different population characteristics across studies. The
mostly Caucasian female population from the Women’s Health Study had different
socioeconomic and lifestyle characteristics than, notably, the multiethnic populations from
the Washington Heights-Inwood Columbia Aging Project® or the Chicago Health and Aging
Project,” where associations have been reported between Mediterranean diet and cognitive
function. It is possible that the Mediterranean diet adherence is also a marker of adherence
to a healthier lifestyle; indeed, even in our relatively homogeneous population of
professional women, we found that those with higher Mediterranean diet adherence also had
healthier lifestyles. Thus, residual or uncontrolled confounding might partly explain findings
of some studies.

Overall, further additional research is required to achieve greater clarity regarding potential
associations of Mediterranean diet adherence with late-life cognitive function and/or change.

While the Mediterranean diet was not associated with cognitive function or change in our
cohort, we found independent associations of two Mediterranean diet components, whole
grains and the monounsaturated-to-saturated fats ratio, to averaged cognition at older ages.
Relations of whole grains to cognition have been little examined, and this report makes a
unique contribution. One previous study reported that greater intake of dietary fibers at
midlife was related to better cognitive function in late-life2° — a finding that is consistent
with our results. Potential mechanisms may involve lowering insulin resistance and the risk
of type 2 diabetes,30 themselves potentially related to cognitive decline and risk of AD.3!
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Overall, further research on this topic would be valuable, as increasing whole grain
consumption is simple to achieve and may have other health benefits.30

We also found an association between greater monounsaturated-to-saturated fats ratio and
better trajectories of global cognition and verbal memory; however, the top quintile of
monounsaturated-to-saturated fats ratio paradoxically had worse initial global cognitive
scores. Prior studies have reported relations of higher saturated fats intake to greater
cognitive decline,32-34 although the literature on monounsaturated fatty acids intake to
cognitive outcomes has been inconsistent.32:34-36 Qverall, limited evidence exists on the
relation between the monounsaturated-to-saturated fats ratio and cognitive function. In the
Mayo Study on Aging, a higher monounsaturated-to-saturated fats ratio was associated with
lower prevalence of amnestic mild cognitive impairment, but with a trend towards a higher
prevalence for non-amnestic mild cognitive impairment,3’ although there were few
participants with non-amnestic mild cognitive impairment. This raises the possibility of
reverse causation in people with underlying cardiovascular or other diseases; indeed, in the
current study women with a history of hypercholesterolemia appeared slightly more likely to
adhere to a Mediterranean diet (see Table 1). However, analyses were controlled for
vascular risk factors, and we excluded participants with incident CVD in secondary
analyses, which did not change findings. Moreover, this paradoxical inverse association
between the monounsaturated-to-saturated fats ratio and averaged global scores was limited
to the younger persons, and was observed with global cognition but not verbal memory.
Overall, it is not clear why the highest quintile of monounsaturated-to-saturated fats ratio
was uniquely associated with a worse cognition at baseline in younger participants in this
study, and absent plausible biology for such an inverse association, we cannot exclude that
this may be a chance finding. Indeed, there is compelling evidence that increased
monounsaturated fats intakes vs decreased saturated fats intakes may decrease cognitive
decline by various potential mechanisms. Clinical trials replacing dietary saturated fats with
monounsaturated fats have shown decreases in blood pressure and improvements in blood
lipid profile, insulin sensitivity and glycemic control in various populations;38 all these
factors/mechanisms are also highly relevant to cognitive decline and dementia.*

The strengths of our study include its large sample size, a prospective design with high
follow-up rates, a validated FFQ to assess food and nutrient intakes, and validated cognitive
battery to evaluate performance in several cognitive domains. Moreover, the 5-year lag
between dietary assessment and initial cognitive testing helped to minimize possible reverse
causation; it also may represent a more biologically relevant exposure period, as cognitive
decline takes years to develop and earlier exposures are likely more important than later-life
habits. Among potential limitations, dietary intake was assessed only once prior to cognitive
testing and long-term dietary intakes were not taken into account; furthermore, diet
measurement error was potentially substantial in our study, since a single diet assessment
was performed, and the alternate Mediterranean diet score included multiple components,
thereby multiplying sources of error; finally, we cannot exclude that individuals may have
changed their dietary habits between dietary assessment and initial cognitive testing, and all
these aspects may have resulted in underestimation of associations.3° An additional
limitation of this study is the absence of adjustment for the ApoEe4 allele (the main genetic
risk factor for late-onset sporadic AD). However, previous studies did not evidence
association between ApoEe4 and Mediterranean diet scores,®8 suggesting that the ApoEe4
was not likely to confound the relation of the Mediterranean diet to cognition. Moreover, our
population was limited to female, mostly Caucasian healthcare professionals with generally
high levels of education, and we used medians of intake of each component in this specific
population to define our alternate Mediterranean score. Therefore, our results may not be
generalizable to older populations with different socio-demographic backgrounds, or with
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different dietary habits. Finally, residual confounding by unmeasured factors cannot be ruled
out in this observational study.

In conclusion, we did not observe any association between adherence to the Mediterranean
diet pattern and cognitive function or decline in this large-scale epidemiological study of US
healthy women. However, we found a suggestion that higher monounsaturated-to-saturated
fats ratio and higher whole grain intake are independently related to more favorable
cognitive trajectory and better average cognitive function, respectively. Of note, however,
there is limited literature on relations of either the Mediterranean diet or its components to
cognitive outcomes. As many national and international organizations have promoted a
Mediterranean diet pattern and its food components for maintaining overall health,%0 dietary
factors should be a focus of substantial further research in neuroepidemiology.
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Figure 1. Alternate M editerranean diet score and cognitive function over 4 yearsin the Women’s
Health Study

Least square mean global cognitive scores (standardized scores, Figure 1A) and verbal
memory scores (standardized scores, Figure 1B) at each time-point are plotted by quintiles
of the alternate Mediterranean diet score. They were estimated by analysis of response
profiles in a general linear model, adjusting for age at cognitive testing, treatment arm,
Caucasian race, high education, high income, energy intake, vigorous exercise, BMI,
smoking, diabetes, hypertension, hypercholesterolemia, hormone use and depression.
Statistical inference was based on Wald test, examining linear trends across alternate
Mediterranean diet score quintiles using a continuous variable in which participants in a
given category were assigned the median value.

Q1 to Q5 refer to consecutive quintiles of alternate Mediterranean diet score.
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Figure 2. Alternate Mediterranean diet score components and cognitive function over 4 yearsin
the Women's Health Study
Least square mean global cognitive scores (standardized scores, Figure 2A) and verbal
memory scores (standardized scores, Figure 2B) at each time-point are plotted by categories
of alternate Mediterranean diet score components. They were estimated by analysis of
response profiles in a general linear model, adjusting for age at cognitive testing, treatment
arm, Caucasian race, high education, high income, energy intake, vigorous exercise, BMI,
smoking, diabetes, hypertension, hypercholesterolemia, hormone use and depression. Fruits,
vegetables, legumes, whole grains, nuts, red and processed meats, fish and alcohol intake
were all introduced in the same multivariable-adjusted model. The monounsaturated-to-
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saturated fats ratio was modeled in a separate multivariable-adjusted model, adjusting
additionally for alternate Mediterranean diet score food components not providing fats (e.g.,
fruits, vegetables, legumes, whole grains) and alcohol intake.

Statistical inference was based on Wald test, examining linear trends across component
categories using a continuous variable in which participants in a given category were
assigned the median value.

Q1 to Q5 refer to consecutive quintiles of intake of each alternate Mediterranean diet score
component; legends correspond to Q1 to Q5 as indicated for fruits intake, unless otherwise
noted. Abbreviations: m: month; w: week.
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