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Abstract: Objective: Our aim was to evaluate the association between adherence to the Mediterranean Diet
(MedDiet) and cognitive function in 823 participants (62 + 6 years at baseline) from a Spanish prospective cohort
(SUN project). Method: A validated 136-item food frequency questionnaire was used to assess the adherence
to the MedDiet at baseline. The 10-point (0 to 9) MedDiet Score was used to categorize adherence to MedDiet.
Cognitive function was assessed twice at follow-up with a mean follow-up time between exposure and outcome
assessment of 6 and 8y using the Telephone Interview of Cognitive Status-modified (TICS-m, range O to 54
points). ANCOVA models were used to assess the association between adherence to the MedDiet and cognitive
decline. Results: In the multivariable-adjusted analysis of 2-year changes, a higher cognitive decline was
observed among participants with low or moderate baseline adherence to the MedDiet than among those with
better adherence (adjusted difference = -0.56 points in TICS-m, 95% CI = -0.99 to -0.13). Conclusion: A higher
adherence to the MedDiet might be associated with better cognitive function. However, observed differences

were of small magnitude and further studies are needed to confirm this finding.
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Introduction

Due to the increasing life expectancy, the incidence and
prevalence of cognitive decline leading to dementia and
other age-related diseases has increased (1). Treatments for
cognitive decline have limited effectiveness and prevention
through modifiable lifestyle factors, such as diet could be an
approach to help to reduce or slow the age-related propensity
to cognitive impairment (2). In this context, the Mediterranean
diet (MedDiet) has been associated with a reduced risk of
chronic disease such as cardiovascular disease (CVD) (3-5).
Cognitive decline and dementia have a strong vascular
component; hence, the MedDiet has been proposed to have a
protective effect (6).

The term “Mediterranean diet” refers to a food pattern that
provides a characteristic profile of nutrient intake with a high
MUFA:SFA (monounsaturated fatty acids: saturated fatty
acids) ratio due to a high intake of olive oil; together with high
intakes of fibre, vitamins, folate, natural antioxidants, and a
low intake of animal protein (5, 7-9). The most used score to
define this food pattern is the 10-point MedDiet Score proposed
by Trichopoulou et al. (5), that ranges from 0 to (minimum
adherence) to 9 points (maximum adherence).

The association between MedDiet and cognitive function or
cognitive decline has been assessed with inconsistent results
(10-24). Adherence to the MedDiet was not related to dementia
but only with less cognitive decline in a French cohort (12).
Other studies did not report any association between MedDiet
adherence and cognitive function (14, 17, 24). In contrast,

two U.S. cohorts, with low baseline overall adherence to the
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MedDiet observed that higher adherence to the MedDiet was
associated with lower risk of Alzheimer disease (21), mild
cognitive impairment (20), and slower cognitive decline (22).
In addition, two recent reports of a subset of participants in the
PREDIMED-NAVARRA trial found better cognitive function
after 6.5 years of intervention with a MedDiet than in the
control group (15). However, both in the French cohort and in
the PREDIMED-NAVARRA study no information on baseline
cognitive function was available (14-16).

Therefore, evidence on this issue is conflicting. The aim of
this work was to prospectively assess the association between
MedDiet adherence and cognitive function, as well as cognitive
decline in a two years period, in the SUN (Seguimiento
Universidad de Navarra) Study.

Subjects and Methods

Study sample

The design and methods of the SUN Project have been
reported elsewhere (25). The SUN Project is a dynamic cohort
composed of Spanish university graduates. It was started
in 1999, patterned after the models of the Nurses’ Health
Study and the Health Professionals Follow-up Study, from the
Harvard School of Public Health (26). Baseline assessment and
follow-up information is gathered through postal or web-based
questionnaires collected biennially.

In May 2008, a new sub-study within the SUN Project
frame was started. This sub-study was designed to evaluate
the nutritional and environmental factors involved in the
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development of cognitive impairment. With this aim, we
invited 1,921 participants of SUN Project over 55 years at the
time of the baseline assessment to be included in this substudy.
By including participants over 55 years we tried to increase the
efficiency of our design because the majority of the potentially
important cases of cognitive decline would be expected to
occur in participants older than 55 years. After our invitation,
1,085 volunteers agreed to participate and 972 volunteers were
correctly genotyped for ApoE. This gene variant has been
proposed as the main genetic factor for cognitive impairment
(27-29). Sixty nine subjects reported their total energy intake
outside of predefined values (<800 kcal/d for men, <500 kcal/d
for women and > 4000 kcal/d for men, > 3500 kcal/d for
women) and were excluded. Subjects with missing data on one
or more of the covariates were excluded (n=80) leaving a total
of 823 participants available for analyses (Figure 1).

Figure 1
Flow chart of the participants in the cognitive impairment-SUN
study
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Dietary assessment and MedDiet

Dietary intake at baseline was assessed using a mailed and
self-reported semiquantitative food-frequency questionnaire
(136 food items) validated in Spain (30) and more recently
re-evaluated (31, 32).

The MedDiet Score proposed by Trichopoulou et al. (5)
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was used to classify participants according adherence to the
MedDiet at baseline. This score is the most widely used and
evaluates the main components of the MedDiet. This assigns
0 or 1 points according to the daily intake of each of these
9 components: 1) high ratio MUFA:SFA; high intake of 2)
fruit and nuts; 3) vegetables; 4) cereals; 5) legumes; 6) fish;
low intake of 7) meat and meat products; 8) milk and dairy
products; and 9) moderate alcohol consumption. Sex-specific
medians of the sample are used as cut-off points. For alcohol,
1 point was given only for moderate amounts of intake (5-25
g/d for women or 10-50 g/d for men). For the 6 components
in accordance with the MedDiet, participants received 1
point if the intake was beyond the sample median. For the
2 components not in line with the MedDiet (meat or meat
products and dairy products) participants scored 1 point if the
intake was below the median. The total score, which ranges
from 0 to 9, was categorized into 3 groups (0-3 points low
adherence, 4-6 moderate, and 7-9 high).

Cognitive assessment

The cognitive function was evaluated with the Telephone
Interview of Cognitive Status-modified (TICS-m) for the first
time in 2008-2009 and for a second time two years later. A
member of the trained team of dieticians especially prepared
for this task was responsible for conducting the telephone
interviews. The TICS-m in Spanish is a translation of the
TICS-m in English (33) and it is a modified version of the
TICS, which includes additionally delayed verbal recall,
however it has not been still formally validated in Spanish. The
TICS-m score ranges from O point to 54 points and contains the
following items; 1) full name (2 points); 2) date (5 points); 3)
address (5 points); 4) counting backward (2 points); 5) 10-word
list learning exercise (10 points); 6) serial sevens backward
(5 points); 7) responsive naming (4 points); 8) repetition
(2 points); 9) semantic memory (current Spanish President
and King, 2 points); 10) finger tapping (5 points); 11) word
opposites (2 points) and, 12) delayed recall of the 10-word
list in task 5 (10 points). The TICS-m includes five domains:
immediate memory; delayed recall; orientation; attention/
calculation; and language.

Statistical analysis

We used t-tests and chi-squared tests for the comparison
of baseline characteristics between included and excluded
participants (Table 1). ANOVA models were performed for
the comparison of mean values of variables across baseline
categories of the MedDiet (Table 2).

We used ANCOVA models to compare means of changes
in cognitive function (TICS-m) across categories of baseline
adherence to the MedDiet (0-3 points low adherence, 4-6
moderate, and 7-9 high). Adjusted models were fitted as follow:
1) initial cognitive function was adjusted for age (continuous),
sex, ApoE genotype (ede4, e3e4, e2e4, e3e3, e3e2 and e2e2),
follow-up time between baseline and cognitive evaluation
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(continuous), total energy intake (kcal/day, as continuous),
body mass index (BMI, kg/m?, as continuous), smoking status
(current, former, never smoker), physical activity practice
(METs-h/week, as continuous), baseline diabetes, baseline
hypertension, baseline hypercholesterolemia, history of
CVD, and years of university education (continuous); 2) final
cognitive function was adjusted for the same confounding
variables as the initial cognitive evaluation plus TICS-m
score at initial evaluation (continuous) and the follow-up
time between baseline and the final cognitive evaluation; 3)
2-year cognitive change from the first to the second evaluation
was adjusted for the same confounding variables as the final
cognitive evaluation. The covariables included in the model
have been previously associated with cognitive function, most
of them due to a vascular mediation. Information about the
covariables (BMI, smoking status, physical activity, diabetes,
hypertension, hypercholesterolemia, history of CVD, and years
of university education have been gathered through the self-
reported questionnaire. Several validation studies of this self-
reported data have been published (34-36). Follow-up time
between baseline and cognitive evaluation was calculated
for each participant from the date of returning the baseline
questionnaire to the date of evaluation. Cognitive change was
calculated as TICS-m at final evaluation minus TICS-m at
initial evaluation. Statistical test were 2-sided, with type I error
set at <0.05. Values in the text are mean + SD unless otherwise
indicated.

Table 1
Comparison of the baseline characteristics of the participants
included in the study with those not included *

Included Not included p value
n 823 1098
Male (%) 71 71 0.185
Age at baseline (y) 61960 619+7.1 0.858
University education (y) 54+19 52+18 0.049
Body mass index (kg/m*) 25.8 £3.1 259+33 0418
Physical activity
(METs-h/week) 21.5+21.0 193+19.0 0.060
Smoking status

Current smoker, n (%) 111 (13.5) 203 (17.0)

Former smoker, n (%) 428 (52.0) 567 (47.4) 0.016
Energy intake (kcal/d) 2195 + 866 2398 + 1011 <0.001
Total fat (% of energy) 345+72 34179 0.180
Proteins (% of energy) 19.1£4.0 18.7+4.1 0.028
Carbohydrates
(% of energy) 432+89 44.1+£93 0.033

a. Values are means + SD unless otherwise stated. Continuous variables were compared
using Student-t tests. Categorical variables were compared using Chi-squared tests. MET:
metabolic equivalent task.

This study was approved by the Institutional Review Board
of the University of Navarra.

Results

Finally, 823 participants (597 men and 223 women) were
included in the analysis. In a general comparison between
participants included in the study and subjects invited to
participate but not included (Table 1), we observed that the
included subjects might have a healthier lifestyle; they were
physically more active, less likely to be current smokers
and with a slightly lower BMI. The baseline mean age of
participants was 61.9 + 6.0 y. At the first cognitive evaluation
age was 674 £ 5.7 y, and at the second evaluation it was 69.4
+ 5.8 y. Table 2 shows the characteristics of our participants
according to the three levels of adherence to the MedDiet.
Participants with better adherence (>6) were older, more
physically active, more likely to be non-smokers, and to have
a higher total energy intake. Better adherence to the MedDiet
was associated with a higher intake of carbohydrates, a lower
intake of fat and protein, and a high intake of MUFAs and
fibre.

Individuals with low and moderate adherence to the
MedDiet showed lower scores in cognitive function at the
final evaluation than subjects with a higher adherence to the
MedDiet (Table 3). This same pattern was also observed in
the analysis of the cognitive changes between the final and the
initial cognitive evaluation. A low and moderate adherence to
the MedDiet were both associated with significantly higher
decline in the cognitive function when considering as reference
those subjects with a better baseline adherence to the MedDiet
(adjusted difference = -0.56, 95% CI: -0.99 to -0.13). When
we analysed the association between the MedDiet score and
cognitive function, excluding the MUFA/SFA ratio from the
score and adjusting the model for this variable, the inverse
association between the MedDiet and cognitive impairment
disappeared, suggesting that the fatty acid profile of olive oil
was important to explain this association.

When we separately assessed each of the 9 components of
the score, a low MUFA:SFA ratio was significantly associated
with higher decline of the cognitive function (adjusted
difference in change for participants below versus above the
median =-0.53,95% CI: -0.84 to -0.22, p = 0.001) in the 2-year
change in cognition (Table 4).

Discussion

In this subpopulation of a Mediterranean cohort, subjects
with lower adherence to the MedDiet exhibited poorer
cognitive performance in the final of two evaluations of
cognition performed 2-year apart. This same tendency was
observed for changes in cognitive function during these two
years. However, no linear trend was observed, suggesting that
a threshold effect may exist. When we studied this association
separately for each of the 9 component of the MedDiet
score, only the MUFA:SFA ratio was associated with better
cognition in the final examination and with improved changes
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Table 2
Baseline characteristics of the participants across categories of Mediterranean dietary score (MDS) *

MDS (Trichopoulou 0 to 9 score)

Low Moderate High p value

MDS cutoff <4 4-6 >6

n 275 435 113

Male (%) 73 72 74 0.877
ApoE4 genotype (%) 18.6 20.5 16.8 0.630
Age at baseline (y) 61.6+6.1 619+538 625+62 0.347
Age at initial cognitive evaluation (y) 674+5.7 674+5.7 673+59 0.997
Age at final cognitive evaluation (y) 694 +58 694 +5.7 694 +538 0.996
University education (y) 5620 53+18 54+19 0.248
Initial TICS-m score 34025 34025 338+25 0.753

Immediate memory 47+15 4714 47+15 0.337

Delayed recall 27+1.6 28+1.6 25+1.6 0.322

Orientation 97+038 97+0.8 96+0.8 0.241

Attention/calculation 62+12 6.1£12 6.1+12 0.807

Language 38+04 38+04 38+04 0.955
Final TICS-m score 34424 342+24 34724 0.081

Immediate memory 5016 48+1.6 48+1.6 0.253

Delayed recall 34+138 33 £138 31+18 0.246

Orientation 98+0.6 9.8+£0.6 97+0.6 0.828

Attention/calculation 63+1.1 62+1.1 64+12 0.336

Language 38+05 38+05 38+05 0.376
Difference (Final-Initial) 03+£26 02+26 09+26 0.032
Body mass index (kg/m?) 260+32 259+3.1 253+2.7 0.113
Physical activity (METs-h/week) 192+172 2224224 259+218 0.012
Smoking status

Current smoker, n (%) 41 (14.9) 55 (12.6) 14 (12.4)

Former smoker, n (%) 136 (49.5) 231 (53.1) 58 (57.3) 0.533
Energy intake (kcal/d) 2094 + 668 2300 + 652 2405 + 553 <0.001
Total fat (% of energy) 369+6.8 33.6+6.7 316 £55 <0.001
Proteins (% of energy) 193+43 185+3.7 179+£28 0.001
Carbohydrates (% of energy) 40.8 £8.7 448 £8.2 472.+£6.6 <0.001
Dietary intake (g/day) ®

MUFAs 36+ 10 37+10 39+10 <0.001

PUFAs 13+4 13£5 13+4 <0.001

n-3 PUFAs 3x1 3x1 3x1 <0.001

SFAs 35+738 27+7.7 21+7.8 <0.001

MUFA: SFA Ratio 12+0.7 14+04 1.8+0.6 <0.001

Fiber 24 £ 11 32+ 10 4011 <0.001

Alcohol 9+13 10+ 13 10+13 <0.001

Olive oil 15+ 16 19+ 15 23+ 16 <0.001

Cereals 87 +73 108 =73 11873 <0.001

Vegetables 413 378 602 + 375 712 £ 376 <0.001

Fruits 283 + 287 456 + 284 590 + 285 <0.001

Legumes 20 +20 25+20 29+ 17 <0.001

Fish 96+ 71 122+ 71 161 +71 <0.001

Meat/meat products 174 + 61 154 + 66 109 + 66 <0.001

Dairy products 227 + 169 133 + 168 52+ 169 <0.001

Fast food © 12+ 13 9+13 6+ 13 0.009

a. Values are mean + SD unless otherwise stated, MET: metabolic equivalent task. Continuous variables were compared using ANOVA. Categorical variables were compared using Chi-
squared tests. b. Adjusted for total energy intake (kcal/day). The total energy intake (kcal/day) was included in the analysis of covariance ANCOVA model. c. Hamburgers, sausages, and
pizza. MUFAs: Monounsaturated fatty acids; PUFAs: Polyunsaturated fatty acids; SFAs: Saturated fatty acids.
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Table 3
Adjusted differences in cognitive change according to baseline adherence to the Mediterranean diet. The SUN Project, 2008-2012

Low <4

MDS (Trichopoulou 0 to 9 score)

Moderate 4-6 High >6

Initial TICS-m (range O to 54 points)
Means, points (95% CI)

Final TICS-m after 2 years (range 0 to 54)
Means, points (95% CI)

Difference (Final-Initial)

34.10 (33.80-34.40)

34.39 (34.13-34.64)

33.98 (33.75-34.22) 33.73 (33.27-34.20)

34.19 (33.99-34.39) 34.81 (34.41-35.21)

Means, points (95% CI) 0.40 (0.14-0.66) 0.20 (0.01-0.40) 0.82 (0.42-1.22)
Adjusted differences, points (95% CI) -0.43 (-0.92 t0 0.05) -0.62 (-1.07 to -0.18) 0 (ref.)

p value (vs. higher category) 0.080 0.006

Low+moderate vs. high, (95% CI) -0.56 (-0.99 to -0.13) 0 (ref.)

p value (vs. higher category)

0.011

Adjusted for age, sex, ApoE genotype, follow-up time between baseline and cognitive evaluation, total energy intake (kcal/day), body mass index (kg/m?), smoking status (current, former,
never smoker), physical activity (METs-h/week), diabetes, hypertension, hypercholesterolemia, history of CVD, and years of university education. Final TICS-m was adjusted for the
TICS-m score at the initial evaluation. The difference (Final-Initial) was also adjusted for the TICs-m score at the initial evaluation. We considered the higher category group as the

reference group.

during follow-up. With this regard, when we excluded from
the Trichopoulou MedDiet score the MUFA:SFA ratio, no
association was observed. A high consumption of olive oil
seems to be the key element to explain the high MUFA:SFA
ratio in Mediterranean populations. This is in agreement with
the findings of the PREDIMED-NAVARRA randomized trial
for the group that used extra-virgin olive oil in the intervention
(15, 16).

The MedDiet has been shown to have beneficial effects
on cardiovascular risk factors and its related mechanisms
(4, 37-39). Very importantly, a recent large randomized
trial showed that the MedDiet reduced the incidence of hard
cardiovascular end-points (3, 40). The biological mechanisms
underlying these protective effects could also influence
cognitive function (41, 42). Cerebrovascular disease is a
common finding in elderly population and a major cause for
dementia (43). Several studies have appraised the association
between adherence to the MedDiet with cognitive status or
cognitive decline, however, results are controversial.

In this context, the first study reporting a beneficial
association between adherence to the MedDiet and Alzheimer’s
disease refers to the WHICAP (Washington Heights-Inwood
Columbian Aging Project) cohort. After a 4-y follow-up
period, a 40% relative reduction in the risk of Alzheimer’s
disease was observed among participants with a high
adherence to the MedDiet (21). The Three-City Study also
reported that participants with moderate or intensive use of
olive oil showed lower risk of cognitive deficit after 4-year
follow-up than those who never used olive oil (10). Samieri
et al. also reported that the MUFA:SFA ratio was strongly
associated with lower cognitive decline (18) and Scarmeas
et al. related a high MedDiet adherence to a lower risk for
mild cognitive impairment (20). A similar inverse association
between cognitive decline and adherence to MedDiet has been
reported by other studies (12, 22), supporting our observations.

However, other studies did not been replicate this association
(11, 24). Also, Samieri et al. (18) observed in 16,058 women
from the NHS (Nurses” Health Study) that a high adherence
to the MedDiet did not benefit cognitive decline but it was
associated with better cognitive function.

Interestingly, Martinez-Lapiscina et al. concluded that
MedDiet, especially if it was supplemented with a free
provision of extra virgin olive oil, slightly improved cognitive
status in the PREDIMED-NAVARRA randomized intervention
study (15, 16) We acknowledge that in our study we did not
observe a linear association between MedDiet adherence and
cognitive function. This could be partially explained by a
threshold effect.

The MedDiet pattern allows an integrative approach of the
overall food pattern considering the additive and/or synergistic
effects of each food component (44-47). On the other hand,
a dietary low intake of SFA replaced by MUFA has been
related with a better lipid profile, insulin sensitivity, and
glycemic control and decreased blood pressure (48). Olive oil
is the major component and the main source of MUFA of the
MedDiet and as previously stated, some studies have described
a direct association between olive oil consumption and
cognitive function or reduced cognitive decline (10, 17). Olive
oil has been presumed to have a protective effect on cognitive
function (18, 49). It contains many biological components
with antioxidant properties (50), that may reduce neuronal
damage (51, 52). A recent study has provided evidence that
oleocanthal, a phenolic component of extra-virgin olive oil,
enhances amyloid-f} clearance from the brain (53).

Inconsistency among studies may be due to several sources.
Disparities in the MedDiet assessment as well as in cognitive
function evaluation are major issues. For example, the French
three-city study (12) assessed cognitive function with the
MMSE test (Mini Mental State Examination) (54) and Samieri
et al. (18) measured cognitive function with TICS. Both studies
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Table 4
Adjusted differences in cognitive function changes according to baseline intake of each of the 9 items included in the
Mediterranean Diet Score and olive oil consumption. The higher consumption category was considered as the reference

Cut-off (sex-specific median)

Difference (Final-Initial) *

Women Men Adjusted difference (points) for < cut-off p

Olive oil, g/d 144 11.8 -0.37 (-0.68 to -0.06) 0.020
MUFA:SFA ratio 1.38 1.27 -0.53 (-0.84 t0 -0.22) 0.001
Fruits and nuts, g/d 435 317 -0.03 (-0.32 t0 0.32) 0.985
Vegetables, g/d 598 452 -0.02 (-0.33 t0 0.29) 0917
Cereals, g/d 77 77 -0.01 (-0.33 t0 0.32) 0.972
Legumes, g/d 17 21 0.16 (-0.14 t0 0.47) 0.297
Fish, g/d 110 106 0.01 (-0.29 t0 0.31) 0.961
Meats/meat products, g/d 139 150 0.16 (048 t0 0.15) 0.320
Dairy, g/d 73 92 -0.11 (-0.243 t0 0.21) 0.500
Alcohol, g/d 5-25 10-50 0.17 (-0.16 to 0.49)

0.315

a. Differences adjusted for age, sex, ApoE genotype, and TICS-m score at final cognitive evaluation, follow-up time between baseline and second cognitive evaluation total energy intake
(kcal/day), body mass index (kg/m?), tobacco use status (current, former, never smoker), physical activity (METs-h/week), diabetes, hypertension, hypercholesterolemia, history of CVD,

years of university education, and all other items in the MedDiet score.

assessed MedDiet adherence with the Trichopoulou score (5).
However, the modest association observed by Samieri et al.
could be due to the low adherence to a MedDiet style pattern in
U.S. population (18). In this context of inconsistency between
studies, a randomized clinical trial could be the ideal tool to
uncover a clear benefit of the MedDiet on cognitive function
(23). The available large randomized trial by Martinez-
Lapiscina et al. supports the potential of a MedDiet to help
preserve cognitive function but it lacks the baseline cognitive
assessment (15, 16).

A potential limitation in this work is the self-reported nature
of exposure (MedDiet), even if validity and reliability of the
FFQ used in our cohort has been extensively evaluated (32). On
the other hand, the TICS-m test has been widely used and it has
been shown to reduce selection bias in epidemiological studies.
It facilitates follow-up in longitudinal studies and allows
including people over large areas. Nevertheless, a recent review
revealed considerable heterogeneity in the ways that telephone
instruments have been used for evaluating cognitive function
(55). However, the opportunity to reduce selection bias may
outweigh its limitations. Moreover, the TICS-m test has been
validated in French women (55) and in a German population
(56), evidencing that the TICS-m is a useful tool for assessing
overall cognitive status. Nevertheless, this has not already been
validated in Spanish and more studies are necessary, albeit,
a Spanish study reported that it was a useful test in dementia
(33). Moreover, it should be also stated that the psychometric
properties of the TICS-m are a limitation. Another limitation
is the lack of a complete battery of neuropsychological test and
the lack of functional measurements and clinical-neurological
assessment procedures, precluding conclusions regarding
dementia, mild cognitive impairment and subtypes thereof. A
potential weakness of the SUN cohort is that all participants
were university graduates, thus, they cannot be considered
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as a representative sample of the general population. Our
participants were more likely to be homogeneous in terms of
their background diet than participants would be if a similar
study were conducted in a representative sample of the general
population. This homogeneity regarding their educational level,
background diet and other aspects can limit the generalizability
of our findings and also may have reduced the between-subject
variability in dietary exposures, because they belong to a single
educational and socioeconomic stratum. However, this fact
can be also viewed as an advantage. This homogeneity could
also have enhanced the validity of our study, by reducing
the potential confounding related to socioeconomic level,
educational status and variability in participants background
diet. In any case, we adjusted our results for major potential
confounders and this adjustment enhances also the internal
validity of our results.

On the other hand, over-adjustment cannot be disregarded
because if the association between MedDiet and cognition
is due to vascular factors, adjusting for cardiovascular risk
factors, as we have done, may substantially reduce or even
nullify the association. On the other hand, the MedDiet might
be a marker of a healthier lifestyle which should be taken
into account since the magnitude of association could be
overestimated if confounding is not adequately controlled for
(18).

One strength of our design is that the higher educational
level of the participants in the cohort ensures a higher validity
of self-reported information (57-59). Nevertheless, all our
estimates are also adjusted for years of university education.
This is important because education has been inversely
associated with cognitive decline (60-63).

The consistency between our results and those related
to depression (64, 65) also reinforces the potential neuro-
protection by and olive oil-rich MedDiet.
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In summary, our results support the presumed neuro-

protective effects of the MedDiet on cognitive decline. This
finding seem to be mainly explained by a high MUFA:SFA
ratio which at the same time could be influenced by the high
extra virgin olive oil consumption.

Acknowledgments: We thank participants of the SUN project for their continued

cooperation and participation and all members of the SUN project group for their
administrative, technical, and material support. The SUN Study has received funding
from the Spanish Government (Grants PI01/0619, P1030678, P1040233, P1042241,
P1050976, P1070240, PI070312, PI081943, PI080819, PI1002658, P11002293, PI070312,
RDO06/0045, G03/140 and 87/2010), the Navarra Regional Government (36/2001, 43/2002,
41/2005, 36/2008, 45/2011, P127/2012) and the University of Navarra. ET is supported by
a Rio Hortega post-residency fellowship of the Instituto de Salud Carlos III, Ministry of
economy and Competitiveness, Spanish Government.

Ethical standards: This study complies with the current laws of the country in which

they were performed.

Conflict of interest disclosure form: None of the authors declare conflict of interest.

References

Reitz C, Brayne C, Mayeux R. Epidemiology of Alzheimer disease. Nat Rev Neurol
2001;7:137-152

Middleton LE, Yaffe K. Promising strategies for the prevention of dementia. Arch
Neurol 2009;66:1210-1215

Estruch R, Ros E, Salas-Salvado J, Covas MI, et al. Primary Prevention of
Cardiovascular Disease with a Mediterranean Diet. N Engl J Med 2013;368:1279-
1290

Martinez-Gonzalez MA, Bes-Rastrollo M. Dietary patterns, Mediterranean diet, and
cardiovascular disease. Curr Opin Lipidol 2014;25:20-26

Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to
a Mediterranean diet and survival in a Greek population. N Engl J Med
2003;348:2599-2608

Viswanathan A, Rocca WA, Tzourio C. Vascular risk factors and dementia: how to
move forward? Neurology 2009;72:368-374

Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E,
Trichopoulos D. Mediterranean diet pyramid: a cultural model for healthy eating. Am
J Clin Nutr 1995;61:1402S-1406S

Maillot M, Issa C, Vieux F, Lairon D, Darmon N. The shortest way to reach
nutritional goals is to adopt Mediterranean food choices: evidence from computer-
generated personalized diets. Am J Clin Nutr 2011;94:1127-1137

Bach A, Serra-Majem L, Carrasco JL, Roman B, Ngo J, Bertomeu I, Obrador B. The
use of indexes evaluating the adherence to the Mediterranean diet in epidemiological
studies: a review. Public Health Nutr 2006;9:132-146

Berr C, Portet F, Carriere I, Akbaraly TN, et al. Olive oil and cognition: results from
the three-city study. Dement Geriatr Cogn Disord 2009;28:357-364

Cherbuin N, Anstey KJ. The Mediterranean diet is not related to cognitive change
in a large prospective investigation: the PATH Through Life study. Am J Geriatr
Psychiatry 2012;20:635-639

Feart C, Samieri C, Rondeau V, Amieva H, Portet F, Dartigues JF, Scarmeas N,
Barberger-Gateau P. Adherence to a Mediterranean diet, cognitive decline, and risk
of dementia. JAMA 2009;302:638-648

Katsiardanis K, Diamantaras AA, Dessypris N, Michelakos T, et al. Cognitive
impairment and dietary habits among elders: the velestino study. J Med Food
2013;16:343-350

Kesse-Guyot E, Andreeva VA, Lassale C, Ferry M, Jeandel C, Hercberg S, Galan
P. Mediterranean diet and cognitive function: a French study. Am J Clin Nutr
2013;97:369-376

Martinez-Lapiscina EH, Clavero P, Toledo E, Estruch R, et al. Mediterranean
diet improves cognition: the PREDIMED-NAVARRA randomised trial. J Neurol
Neurosurg Psychiatry 2013;00:1-8

Martinez-Lapiscina EH, Clavero P, Toledo E, San Julian B, et al. Virgin olive oil
supplemetnation and long-term cognition: The PREDIMED-Navarra randomized,
trial. J Nutr Health Aging, 2013

Psaltopoulou T, Kyrozis A, Stathopoulos P, Trichopoulos D, Vassilopoulos D,
Trichopoulou A. Diet, physical activity and cognitive impairment among elders: the
EPIC-Greece cohort (European Prospective Investigation into Cancer and Nutrition).
Public Health Nutr 2008;11:1054-1062

Samieri C, Okereke OI, Devore EE, Grodstein F. Long-Term Adherence to the
Mediterranean Diet Is Associated with Overall Cognitive Status, but Not Cognitive
Decline, in Women. J Nutr 2013;143:493-499

19.

20.

21.

22.

24.

26.

27.

28.

29.

30.

31.

32.

34.

36.

37.

38.

39.

40.

41.

42.

44.

45.

46.
47.

48.

311

Scarmeas N, Stern Y, Tang MX, Mayeux R, Luchsinger JA. Mediterranean diet and
risk for Alzheimer’s disease. Ann Neurol 2006;59:912-921

Scarmeas N, Stern Y, Mayeux R, Manly JJ, Schupf N, Luchsinger JA. Mediterranean
diet and mild cognitive impairment. Arch Neurol 2009;66:216-225

Scarmeas N, Stern Y, Mayeux R, Luchsinger JA. Mediterranean diet, Alzheimer
disease, and vascular mediation. Arch Neurol 2006;63:1709-1717

Tangney CC, Kwasny MJ, Li H, Wilson RS, Evans DA, Morris MC. Adherence to a
Mediterranean-type dietary pattern and cognitive decline in a community population.
Am J Clin Nutr 2011;93:601-607

Valls-Pedret C, Lamuela-Raventos RM, Medina-Remon A, Quintana M, et al
(2012) Polyphenol-rich foods in the Mediterranean diet are associated with better
cognitive function in elderly subjects at high cardiovascular risk. J Alzheimers Dis
2012;29:773-782

Vercambre MN, Grodstein F, Berr C, Kang JH. Mediterranean diet and cognitive
decline in women with cardiovascular disease or risk factors. J Acad Nutr Diet
2012;112:816-823

Segui-Gomez M, de la Fuente C, Vazquez Z, de Irala J, Martinez-Gonzalez MA.
Cohort profile: the ‘Seguimiento Universidad de Navarra’ (SUN) study. Int J
Epidemiol 2006;35:1417-1422

Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and lifestyle
and long-term weight gain in women and men. N Engl J Med 2011;364:2392-2404
Bertram L, McQueen MB, Mullin K, Blacker D, Tanzi RE. Systematic meta-analyses
of Alzheimer disease genetic association studies: the AlzGene database. Nat Genet
2007;39:17-23

Corder EH, Saunders AM, Strittmatter WJ, Schmechel DE, et al. Gene dose of
apolipoprotein E type 4 allele and the risk of Alzheimer’s disease in late onset
families. Science 1993:;261:921-923

Liu CC, Kanekiyo T, Xu H, Bu G. Apolipoprotein E and Alzheimer disease: risk,
mechanisms and therapy. Nat Rev Neurol 2013;9:106-118

Martin-Moreno JM, Boyle P, Gorgojo L, Maisonneuve P, Fernandez-Rodriguez JC,
Salvini S, Willett WC. Development and validation of a food frequency questionnaire
in Spain. Int J Epidemiol 1993;22:512-519

de la Fuente-Arrillaga C, Ruiz ZV, Bes-Rastrollo M, Sampson L, Martinez-
Gonzalez MA. Reproducibility of an FFQ validated in Spain. Public Health Nutr
2010;13:1364-1372

Fernandez-Ballart JD, Pinol JL, Zazpe I, Corella D, et al. Relative validity of a semi-
quantitative food-frequency questionnaire in an elderly Mediterranean population of
Spain. Br J Nutr 2010;103:1808-1816

Gude Ruiz R, Calvo Mauri JF, Carrasco Lopez FJ. [The Spanish version and pilot
study of a telephone test of cognitive status for evaluation and screening in dementia
assessment and follow-up]. Aten Primaria 1994;13:61-66

Alonso A, Beunza JJ, Delgado-Rodriguez M, Martinez-Gonzalez MA. Validation of
self reported diagnosis of hypertension in a cohort of university graduates in Spain.
BMC Public Health 2005;5:94

Martinez-Gonzalez MA, Lopez-Fontana C, Varo JJ, Sanchez-Villegas A, Martinez
JA. Validation of the Spanish version of the physical activity questionnaire used in
the Nurses’ Health Study and the Health Professionals’ Follow-up Study. Public
Health Nutr 2005;8:920-927

Bes-Rastrollo M, Pérez JR, Sdnchez-Villegas A, Alonso A, Martinez-Gonzilez MA.
Validacién del peso e indice de masa coporal auto-declarados de los participantes de
una cohorte de graduados universitraios. Rev Esp Obes 2005;3:183-189

Estruch R, Martinez-Gonzalez MA, Corella D, Salas-Salvado J, et al. Effects of
a Mediterranean-style diet on cardiovascular risk factors: a randomized trial. Ann
Intern Med 2006;145:1-11

Konstantinidou V, Covas MI, Munoz-Aguayo D, Khymenets O, et al. In vivo
nutrigenomic effects of virgin olive oil polyphenols within the frame of the
Mediterranean diet: a randomized controlled trial. FASEB J 2010;24:2546-2557
Mena MP, Sacanella E, Vazquez-Agell M, Morales M, et al. Inhibition of circulating
immune cell activation: a molecular antiinflammatory effect of the Mediterranean
diet. Am J Clin Nutr 2009;89:248-256

Ruiz-Canela M, Estruch R, Corella D, Salas-Salvado J, Martinez-Gonzalez MA.
Association of Mediterranean diet with peripheral artery disease: the PREDIMED
randomized trial. JAMA 2014:;311:415-417

Fotuhi M, Hachinski V, Whitehouse PJ. Changing perspectives regarding late-life
dementia. Nat Rev Neurol 2009;5:649-658

Grodstein F. Cardiovascular risk factors and cognitive function. Alzheimers Dement
2007;3:516-22

Jellinger KA, Attems J. Prevalence of dementia disorders in the oldest-old: an
autopsy study. Acta Neuropathol 2010;119:421-433

Feart C, Samieri C, Alles B, Barberger-Gateau P. Potential benefits of adherence to
the Mediterranean diet on cognitive health. Proc Nutr Soc 2013;72:140-152

Jacobs DR, Jr., Gross MD, Tapsell LC. Food synergy: an operational concept for
understanding nutrition. Am J Clin Nutr 2009;89:1543S-1548S

Kant AK. Dietary patterns and health outcomes. ] Am Diet Assoc 2004;104:615-635
Tucker KL. Dietary patterns, approaches, and multicultural perspective. Appl Physiol
Nutr Metab 2010;35:211-218

Gillingham LG, Harris-Janz S, Jones PJ. Dietary monounsaturated fatty acids are



J Nutr Health Aging
Volume 19, Number 3, 2015

49.

50.

52.

53.

54.

55.

56.

57.

MEDITERRANEAN DIET AND COGNITIVE FUNCTION: THE SUN PROJECT

protective against metabolic syndrome and cardiovascular disease risk factors. Lipids
2011;46:209-228

Gillette Guyonnet S, Abellan Van Kan G, Andrieu S, Barberger Gateau P, et al.
TANA task force on nutrition and cognitive decline with aging. J Nutr Health Aging
2007;11:132-152

Covas MI. Olive oil and the cardiovascular system. Pharmacol Res 2007;55:175-186
Akwa Y, Allain H, Bentue-Ferrer D, Berr C, et al. Neuroprotection and
neurodegenerative diseases: from biology to clinical practice. Alzheimer Dis Assoc
Disord 2005;19:226-239

Floyd RA, Hensley K. Oxidative stress in brain aging. Implications for therapeutics
of neurodegenerative diseases. Neurobiol Aging 2002;23:795-807

Abuznait AH, Qosa H, Busnena BA, El Sayed KA, Kaddoumi A. Olive-Oil-Derived
Oleocanthal Enhances beta-Amyloid Clearance as a Potential Neuroprotective
Mechanism against Alzheimer’s Disease: In Vitro and in Vivo Studies. ACS Chem
Neurosci, 2013

Folstein MF, Folstein SE, McHugh PR. «Mini-mental state». A practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res 1975;12:189-
198

Herr M, Ankri J. A critical review of the use of telephone tests to identify cognitive
impairment in epidemiology and clinical research. J Telemed Telecare, 2013

Lacruz M, Emeny R, Bickel H, Linkohr B, Ladwig K. Feasibility, internal
consistency and covariates of TICS-m (telephone interview for cognitive status -
modified) in a population-based sample: findings from the KORA-Age study. Int J
Geriatr Psychiatry, 2012

Beunza JJ, Toledo E, Hu FB, Bes-Rastrollo M, Serrano-Martinez M, Sanchez-
Villegas A, Martinez JA, Martinez-Gonzalez MA. Adherence to the Mediterranean
diet, long-term weight change, and incident overweight or obesity: the Seguimiento
Universidad de Navarra (SUN) cohort. Am J Clin Nutr 2010;92:1484-1493

312

58.

59.

60.

61.

62.

63.

64.

65.

Sayon-Orea C, Bes-Rastrollo M, Basterra-Gortari FJ, Beunza JJ, Guallar-Castillon P,
de la Fuente-Arrillaga C, Martinez-Gonzalez MA. Consumption of fried foods and
weight gain in a Mediterranean cohort: The SUN project. Nutr Metab Cardiovasc Dis
2013;23:144-150

Willett WC, Colditz GA. Approaches for conducting large cohort studies. Epidemiol
Rev 1998;20:91-99

Muniz-Terrera G, Matthews F, Dening T, Huppert FA, Brayne C. Education and
trajectories of cognitive decline over 9 years in very old people: methods and risk
analysis. Age Ageing 2009;38:277-282

Riley KP, Snowdon DA, Desrosiers MF, Markesbery WR. Early life linguistic
ability, late life cognitive function, and neuropathology: findings from the Nun
Study. Neurobiol Aging 2005;26:341-347

Schneider AL, Sharrett AR, Patel MD, Alonso A, et al. Education and cognitive
change over 15 years: the atherosclerosis risk in communities study. J Am Geriatr
Soc 2012;60:1847-1853

Valenzuela M, Brayne C, Sachdev P, Wilcock G, Matthews F. Cognitive lifestyle and
long-term risk of dementia and survival after diagnosis in a multicenter population-
based cohort. Am J Epidemiol 2011;173:1004-1012

Sanchez-Villegas A, Delgado-Rodriguez M, Alonso A, Schlatter J, Lahortiga F, Serra
Majem L, Martinez-Gonzalez MA. Association of the Mediterranean dietary pattern
with the incidence of depression: the Seguimiento Universidad de Navarra/University
of Navarra follow-up (SUN) cohort. Arch Gen Psychiatry 2009;66:1090-1098
Skarupski KA, Tangney CC, Li H, Evans DA, Morris MC. Mediterranean diet
and depressive symptoms among older adults over time. J Nutr Health Aging
2013;17:441-445



	MEDITERRANEAN DIET AND COGNITIVE FUNCTION: THE SUN PROJECT
	Introduction
	Subjects and Methods
	Study sample
	Dietary assessment and MedDiet
	Cognitive assessment
	Statistical analysis

	Results
	Discussion
	References


