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Abstract Introduction: The Mediterranean diet (MeDi) has been related to a lower risk of Alzheimer’s dis-
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ease; yet, the underlying mechanisms are unknown. We hypothesized that protection against neuro-
degeneration would translate into higher gray matter volumes, whereas a specific association with
preserved white matter microstructure would suggest alternative mechanisms (e.g., vascular path-
ways).
Methods: We included 146 participants from the Bordeaux Three-City study nondemented when
they completed a dietary questionnaire and who underwent a 3-T magnetic resonance imaging at
an average of 9 years later, including diffusion tensor imaging.
Results: Inmultivariate voxel-by-voxel analyses, adherence to theMeDi was significantly associated
with preserved white matter microstructure in extensive areas, a gain in structural connectivity that
was related to strong cognitive benefits. In contrast, we found no relation with gray matter volumes.
Discussion: TheMeDi appears to benefit brain health through preservation of structural connectivity.
Potential mediation by a favorable impact on brain vasculature deserves further research.
� 2015 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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1. Introduction

The traditional Mediterranean diet (MeDi) is character-
ized by an abundant consumption of plant foods, a moderate
intake of fish and alcohol, and low intakes of meats and dairy
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products, with monounsaturated fatty acids as the main fat
source provided by olive oil. The beneficial effect of the
MeDi on cardiovascular mortality is well established [1].
Adherence to theMeDi has also been associated with a lower
risks of Alzheimer’s disease (AD) dementia and cognitive
The study sponsors funded the preparation and initiation of the 3C study

and the data collection. They did not interfere in analysis and interpretation

of the data, in writing the report, and in the decision to submit the article

from publication.
1These authors contributed equally to this work.

*Corresponding author. Tel.: 133-05-57-57-95-38; Fax: 133-05-57-

57-14-86.

E-mail address: Cecilia.Samieri@isped.u-bordeaux2.fr

ights reserved.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Cecilia.Samieri@isped.u-bordeaux2.fr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jalz.2015.06.1888&domain=pdf
http://dx.doi.org/10.1016/j.jalz.2015.06.1888
http://dx.doi.org/10.1016/j.jalz.2015.06.1888


A. Pelletier et al. / Alzheimer’s & Dementia 11 (2015) 1023-10311024
decline [2–5], stroke, and depression [6], which all appear
to have a strong vascular component [7–9]. The protective
effect of the MeDi on stroke was confirmed in a large
intervention study [10], and the MeDi was related to less
cerebral infarcts at magnetic resonance imaging (MRI)
[11]. However, mediation by vascular comorbidities
was not evidenced in studies of dementia or cognitive
decline [4,12], suggesting that nonvascular mechanisms
(e.g., neurodegenerative pathways) may also be involved.
Hence, more research is needed to elucidate the
neurobiological basis of the relation of the MeDi to brain
health.

Examining how the MeDi relates to the preservation of
brain structure (i.e., gray matter [GM] volume and white
matter [WM] connectivity) is critical to understand these
pathways. Indeed, on the one hand cerebrovascular disease
has been associated with alterations of WM microstructure
[13,14], which may start decades before brain ischemic
injury visible at MRI [15], and on the other hand GM at-
rophy in the medial temporal lobe is a typical early feature
of AD [16]. Hence, we hypothesized that an association of
the MeDi with higher GM volumes in AD regions may
indicate involvement of neurodegenerative mechanisms
and that a specific relationship with preserved WM
microstructure (with no relation to GM volumes) would
be suggestive of mechanisms partly independent of AD-
related neurodegeneration, including possibly vascular
pathways. Our objective was to examine the association
between higher adherence to the MeDi and preserved
brain GM volume and WM microstructure at an average
of 9 years later, in older individuals from the Three-City
(3C) study.
2. Methods

2.1. Study population

The 3C study is a prospective cohort initiated in 1999–
2000 with the objective to study vascular risk factors of
dementia. In total, 9294 noninstitutionalized community
dwellers aged�65 years were included in three French cities
(Bordeaux [N 5 2104], Dijon [N 5 4931], and Montpellier
[N5 2259]) [17]. The protocol of 3C study was approved by
the Consultative Committee for the Protection of Persons
participating in Biomedical Research at Kremlin-Bicêtre
University Hospital, Paris, France, and all participants pro-
vided written informed consent. Data collected at baseline
included sociodemographic and lifestyle information,
symptoms and medical complaints, blood pressure and
anthropometric measurements, and neuropsychological
testing and a blood biobank. Five follow-up examinations
were performed at 2, 4, 7, 10, and 12 years after baseline ex-
amination. At each visit, all potential dementia cases were
identified based on their neuropsychological performances
and reviewed by an independent committee of neurologists
to obtain a consensus on its diagnosis and etiology according
to the criteria of the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition [18].

In 2001–2002, a comprehensive dietary survey was
conducted among 1811 participants in Bordeaux (94% of
those still alive included at baseline), of whom 1712 had
no missing dietary data. We excluded 31 individuals with
dementia at the time of dietary assessment. Of the 1681
remaining nondemented individuals, 351 died and 1044
were reexamined at the 10-year follow-up visit in 2010–
2011 (Supplementary Fig. 1). Among them, 225 participants
were invited to an MRI examination using a 3-T machine,
allowing accurate investigation of WM microstructure
through diffusion tensor imaging (DTI; We primarily
selected participants included in a previous MRI substudy
and enriched our sample with individuals with cognitive
deficits suggestive of dementia at the 10-year visit; to ensure
that such selection of “at risk” participants did not bias
results, we conducted sensitivity analyses, as detailed in
the “Methods” Section 2.6.3 subsequently). The present
study is based on the 146 Bordeaux 3C study nondemented
participants who provided information on their diet in 2001–
2002, underwent brain MRI in 2010–2011 including DTI,
were free of tumor or major cerebrovascular pathologies
at MRI, and had no missing data for main potential con-
founders.
2.2. Dietary assessment and the MeDi score

The dietary survey was conducted at home by a specif-
ically trained dietician who administered a food frequency
questionnaire (FFQ) and a 24-hour dietary recall [19,20].
Data from these questionnaires were validated in an
independent 3C study subsample [21]. In the FFQ, fre-
quency of consumption of 148 foods and beverages was re-
corded in 11 classes, converted into a number of servings per
week, and then aggregated into 20 food per beverage groups,
as detailed previously [19]. The groups considered to be a
part of a MeDi were identified: vegetables; fruits; legumes;
cereals including bread, pasta, and rice; fish; meats; dairy
products; and alcohol. The 24-hour recall was used to esti-
mate nutrient and total energy intake and the ratio of
monounsaturated-to-saturated fatty acids.

We computed a MeDi 9-point score [4] based on the orig-
inal score as described by Trichopoulou et al. [22], which
included nine components. For components supposed to be
beneficial to health (vegetables, fruits, legumes, cereals,
fish, and a higher monounsaturated-to-saturated fatty acid
ratio), 1 point was given if individual consumption was
greater than the sex-specific median in our population and
0, otherwise. For alcohol, of which “moderate” consumption
is considered beneficial, 1 point was given for consumption
between 4 and 15 glasses/wk in men and 0 and 2 glasses in
women (i.e., the second quartile of intake in our population).
For components hypothesized to be detrimental (i.e., meats
and dairy products), 1 point was given for a consumption
less than the sex-specific median and 0, otherwise. A
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MeDi score was then computed by summing individual bi-
nary scores for each component. Thus, the score could range
from 0 to 9, with higher scores indicating greater dietary
adherence to a MeDi.

2.3. Assessment of brain structure
2.3.1. MRI acquisition
In 2010–2011, MRI examination was performed using

an Achieva 3-T scanner (Philips Medical System, The
Netherlands). Anatomic high-resolution MRI volumes were
acquired in transverse plane using a three-dimensionalMulti-
planar reconstruction acquisition gradient echo (MPRAGE)
T1-weighted sequence, and diffusion-weighted images were
performed using a single-shot echo-planar sequence with
diffusion gradients applied in 21 noncollinear directions
(Supplementary Methods).

2.3.2. MRI processing
Brain GM and WM volumes were assessed using

voxel-based morphometry (VBM) [23,24], and WM
microstructure was examined through DTI using tract-
based spatial statistics (TBSS) pipeline [25] within FMRIB
Software Library (FSL). DTI parameters evaluate both the
directionality and magnitude of water diffusion in brain tis-
sue. Within WM, the diffusion of water is restricted along
axonal bundles; thus, higher directionality and lower magni-
tude of diffusion generally indicate preserved architecture of
WM tracts [26]. Fractional anisotropy (FA) represents the
degree of directionality of water diffusivity along fibers (a
higher FA indicates higher directionality of diffusion and
preserved microstructure); axial diffusivity and radial diffu-
sivity quantify the magnitude of diffusion along the principal
and perpendicular directions of fibers, respectively, and
mean diffusivity (MD) represents a global measure of
diffusion (lower axial diffusivity, radial diffusivity, and
MD indicate lower magnitude of diffusion and preserved
microstructure). Details on MRI processing were provided
in the Supplementary Methods.

2.4. Cognitive assessment

A battery of neuropsychological tests was administered
by psychologists at baseline and at each follow-up examina-
tion. Supplementary Methods provide the details on the
cognitive battery used in the cohort.

2.5. Other variables

Covariates were assessed at the time of dietary assess-
ment except vascular risk factors, which were determined
at the cohort baseline (an average of 1.5 years before dietary
assessment), the unique time point with concomitant clinical
and blood measurements.

Covariates included age, gender, educational level, body
mass index (BMI), smoking, and total energy intake.
Regular exercise was defined as practicing a sport at least
1 h/wk, having at least 1 hour of intensive leisure activity
per week (e.g., running, swimming, hiking), or at least 1
hour of more moderate activities (e.g., walking, household)
per day. Vascular risk factors included history of cardiovas-
cular or cerebrovascular disease, hypertension (blood
pressure �140/90 mm Hg or treated), diabetes (glucoses
level�130 mg/dL [7 mmol/L] or treated), and hypercholes-
terolemia (total cholesterol �240 mg/dL [6.2 mmol/L]).

Furthermore, to reduce the possibility of reverse causation
(which occurs when individuals with cognitive impairment
modify their diets), we adjusted our analyses for cognitive
status at the time of dietary assessment. We focused on
semantic memory, an early predictor of AD dementia [27],
using the Isaacs’ Set Test (IST) (Supplementary Methods).
2.6. Statistical analyses
2.6.1. Relationship between MeDi adherence and GM and
WM volumes

We examined on a voxel-by-voxel basis the relationship
between the MeDi score (used as a continuous variable)
and GM and WM volumes at an average of 9 years later, us-
ing linear regression within Statistical Parametric Mapping
(SPM). Analyses were first adjusted for age, gender, educa-
tion, carrying at least one ε4 allele for the apolipoprotein E
(APOE) gene (ie, APOE ε4 carrier status), and total intracra-
nial volume. In a second model, we added energy intake,
physical activity, BMI, smoking, vascular risk factors, and
the IST score. For all VBM analyses, we used a statistical
threshold of P , .05 after corrections for multiple compari-
sons using topological false discovery rate [28] and a signif-
icant threshold cluster of 100 voxels.

2.6.2. Relationship between MeDi adherence and WM
microstructure

We examined the relationships between the MeDi score
and DTI parameters using a linear regression model within
FSL. As with VBM analyses, models were first adjusted
for age, gender, education, and APOE ε4 carrier status; we
secondarily added our full set of covariates. In TBSS ana-
lyses, statistical inference was based on permutation-based
statistics with 5000 permutations and threshold-free cluster
enhancement [29], with a threshold of P , .05 corrected
for multiple comparisons. The WM atlas of the Johns Hop-
kins University [30] was used to identify WM tracts that
were significantly associated with the MeDi score.

2.6.3. Supplementary analyses
We performed a series of secondary analyses, which were

all described in details in the Supplementary Methods. First,
we analyzed the stability of dietary habits between MeDi
assessment in 2001–2002 and the MRI examination in
2010–2011, using available information from two FFQs in
2003–2004 and 2006–2007. Second, to determine whether



A. Pelletier et al. / Alzheimer’s & Dementia 11 (2015) 1023-10311026
the associations between the MeDi and brain structure were
because of a particular food group, we evaluated MeDi com-
ponents separately. Third, we examined whether the associ-
ation between the MeDi and preserved brain structure had a
favorable impact on cognition. Using the cognitive battery
assessed at the time of MRI, we defined an episodic memory
score, a score of processing speed/executive function, and a
composite score of global cognition. We focused on the
brain WM regions in which imaging parameters were signif-
icantly associated with the MeDi in the main analysis, and
we investigated whether individual parameter values in the
corresponding WM region were related to better cognitive
scores, using linear regressions adjusted for age, gender,
and education.

Finally, we examined the robustness of our findings in
several sensitivity analyses. We tested any departure from
the linearity assumption, and we ensured that our results
were independent of the burden of white matter hyperinten-
sities (WMH; Supplementary Methods). We also conducted
a sensitivity analysis excluding incident dementia cases
(n 5 4) and individuals with suspected dementia based on
their neuropsychological evaluation (n 5 18).
3. Results

At the time of dietary assessment, the mean age of partic-
ipants was 73.0 years (range, 67.7–83.2). The MeDi score
ranged from 0 to 8 and was normally distributed. In total,
26% of the participants were classified within a low score
range (0–3), indicating poor adherence to the MeDi; 47%
Table 1

Baseline characteristics of the study participants according to the MeDi score, the

Characteristics

Low adherence

MeDi score (0–3)

n 5 38

Mean age, y (SD) 73.3 (3.8)

Male 44.7

Education

Primary school or less 18.4

Secondary 23.7

High school 34.2

University 23.7

APOE ε4 13.2

Regular physical activity 27.0

Smoking, mean number of packs per year (SD) 18.7 (31.3)

Mean BMI (SD) 28.4 (4.3)

History of cardiovascular or cerebrovascular diseases 23.7

Hypertension 73.7

Hypercholesterolemia 42.1

Diabetes 7.9

Mean IST score (SD) 33.6 (6.7)

Abbreviations: MeDi, Mediterranean diet; 3C, Three-City; SD, standard deviati

IST, Isaacs’ set test.

NOTE. Values are percentages unless otherwise indicated. Percentages are of n

*Estimated using c2 tests or Fisher’s exact tests for categorical variables and a

score.
had medium scores (4 or 5); and 27% had higher scores
(6–8) representing a top adherence to the MeDi.

Compared with individuals with medium or high MeDi
adherence, participants with lower adherence were more
often intensive smokers and had slightly higher BMI; they
also practiced less regularly physical activity, although the
differencewas not statistically significant (Table 1). Age, ed-
ucation, APOE ε4 carrier status, history of cardiovascular
diseases, hypertension, and hypercholesterolemia did not
differ significantly across categories of MeDi adherence.
In general, there was a large distribution of intake of each
MeDi component from the lowest to the highest categories
of MeDi score (Table 2).
3.1. MeDi adherence and GM and WM volumes

MRI examination was performed 8.9 years on average
(standard deviation 5 0.2) after dietary assessment (range,
8.4–9.9 years). In VBM analyses adjusted for multiple com-
parisons, we did not find any significant association between
the MeDi score and GM volumes in any brain area. Like-
wise, the MeDi was not associated with WM volumes.
3.2. MeDi adherence and WM microstructure

In contrast, in TBSS analyses, we found strong associa-
tions between the MeDi score and DTI parameters, indi-
cating that higher MeDi adherence was associated with a
general pattern of preserved WM microstructure in multiple
bundles (Fig. 1).
Bordeaux sample of the 3C study (N 5 146)

Medium adherence High adherence

P value*

MeDi score (4–5) MeDi score (6–8)

n 5 69 n 5 39

72.4 (3.5) 73.9 (3.7) .10

31.9 48.7 .17

30.4 25.6 .47

27.5 18.0

26.1 25.6

15.9 30.8

14.5 25.6 .25

48.4 32.4 .07

7.3 (13.0) 7.4 (16.4) .04

25.8 (3.8) 26.9 (3.0) .01

14.5 25.6 .30

56.5 76.9 .05

56.5 53.9 .35

3.0 5.3 .48

32.6 (6.5) 33.4 (6.6) .74

on; APOE ε4, ε4 allele of the apolipoprotein E gene; BMI, body mass index;

onmissing values.

nalyses of variance for continuous variables, across categories of the MeDi



Table 2

Mean energy and MeDi component intakes by categories of the MeDi score, the Bordeaux sample of the 3C study (N 5 146)

Dietary variables

Low adherence Medium adherence High adherence

MeDi score (0–3) MeDi score (4–5) MeDi score (6–8)

n 5 38 n 5 69 n 5 39

Mean total energy intake, kcal/d (SD) 1536.3 (541.8) 1701.5 (519.8) 1695.6 (607.8)

Mean MeDi score components intake, servings/d (SD)

Vegetables 15.0 (5.1) 18.7 (6.2) 24.2 (5.5)

Legumes 0.5 (0.5) 0.5 (0.7) 0.8 (0.4)

Cereals 17.4 (7.0) 22.9 (6.8) 23.4 (4.5)

Fruits 11.7 (9.2) 13.6 (6.8) 15.6 (5.4)

Fish 1.9 (1.4) 2.7 (1.5) 3.5 (1.7)

Meat 5.4 (2.3) 4.8 (2.4) 4.4 (2.4)

Dairy products 19.4 (7.4) 15.6 (6.4) 13.6 (7.1)

Mean monounsaturated-to-saturated fatty acid ratio (SD) 0.8 (0.3) 0.9 (0.5) 1.1 (0.3)

Mean alcohol intake, glasses/d (SD) 14.5 (16.6) 7.0 (9.4) 10.2 (11.3)

Abbreviations: MeDi, Mediterranean diet; 3C, Three-City; SD, standard deviation.

NOTE. Values are percentages unless otherwise indicated. Percentages are of nonmissing values.
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In multivariate analyses adjusted for age, gender, educa-
tion, and APOE ε4 allele and controlling for multiple com-
parisons, a higher MeDi score was associated with lower
diffusivity values in extensive WM areas, including the
whole corpus callosum (genu, body, and splenium), anterior
and posterior thalamic radiations, paracingulate gyrus
cingulum, and parahippocampal fornix (Fig. 1). Consistently,
a higher MeDi score was associated with higher FAvalues in
the corpus callosum, anterior and posterior thalamic radia-
Fig. 1. Association between higher MeDi score, lower diffusivity values (mean

Bordeaux sample of the 3C study (N5 146). Areas of the WM skeleton where eac

diffusivity (i.e., mean, axial, and radial diffusivities) and higher FAvalues, after ad

results were displayed at P, .05, TFCE corrected, and overlaid on the MNI temp

WM, white matter; MeDi, Mediterranean diet; APOE ε4, ε4 allele of the Apolipopr

ter enhancement; MNI, Montreal Neurological Institute.
tions, and inferior frontooccipital fasciculus; yet, significant
associations with FA values were somewhat less extended
than those found with diffusivity values (Fig. 1).

After controlling for a large set of potential confounders,
the relationship between the MeDi score and FA values did
not remain statistically significant. However, the relation
of the MeDi score to diffusivity values, largely distributed
within the whole WM skeleton, remained materially
unchanged (Supplementary Fig. 2).
, axial, and radial diffusivities), and higher FA in older subjects from the

h 1-point increase of the MeDi score was significantly associated with lower

justment for age, gender, education, and APOE ε4 allele carrier status. TBSS

late. R, right side. Abbreviations: FA, fractional anisotropy; 3C, Three-City;

otein E gene; TBSS, tract-based spatial statistics; TFCE, threshold-free clus-
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3.3. Supplementary analyses

In secondary analyses investigating the evolution of
food habits, average consumption of most MeDi compo-
nents appeared reasonably stable across MeDi score cate-
gories between MeDi assessment and brain imaging
(Supplementary Results). Moreover, when we considered
separately the nine MeDi components, few individual com-
ponents were significantly associated with DTI parameters,
and associations were generally weaker than with the total
MeDi score (Supplementary Results).

In supplementary analyses investigating the cognitive
function, we found that lower MD and higher FA in the
region that appeared preserved by the MeDi were
generally strongly associated with higher cognitive scores
(Supplementary Results). For example, the effect estimates
we found for episodic memory scores comparing extreme
quintiles of MD and FA in our region of interest were
comparable with the effect estimates obtained for decrease
of 8–10 years of age. In other words, preserved WM micro-
structure with higher adherence to the MeDi appeared to
delay cognitive aging by up to 10 years.

In sensitivity analyses, the MeDi was not significantly
associated with total WMH volume; hence, expectedly,
further adjustment of our models for WMH volume did
not alter findings (Supplementary Results), suggesting
that our results were not influenced by the WMH burden.
Finally, the results remained virtually unchanged
after exclusion of incident dementia cases or of individ-
uals with suspected dementia based on their cognitive
performances.
4. Discussion

In our cohort of older subjects, greater adherence to the
MeDi was associated, up to a decade after dietary assess-
ment, with preserved microstructure in extensive areas of
the WM—a gain in structural connectivity which ap-
peared related to strong cognitive benefits (equivalent to
up to 10 years of delay in cognitive aging for those in
the top quintile of indices of tissue integrity). None of
the individual components was strongly associated with
DTI parameters, which supports our hypothesis that over-
all diet quality may be more important to preserve brain
structure than any single food. In contrast, we did not
find any association between the MeDi score and GM or
WM volumes. These results are important, as they provide
evidence that healthy diets such as the MeDi may have a
substantial beneficial impact on brain structure—which
appears largely underlain by a preservation of brain struc-
tural connectivity.

WM connectivity alterations seem to explain part of the
cognitive deficits in brain aging [14,26,31]. By linking the
MeDi to improved WM microstructure and cognitive
function, our study establishes that preserved structural
connectivity may be the common anatomical substrate of
the well-documented link between the MeDi and lower risks
of cognitive decline and related diseases [1–6]. Hence, our
results both support and largely extend previous findings
on the MeDi and brain diseases and conditions with aging.
Yet, research on the MeDi and brain structure has been
extremely limited so far, and to our knowledge, no study
has confronted at the same time WM microstructure and
GM atrophy. A single, small study of healthy adults
reported associations between the MeDi and increased
cortical thickness in 10 preselected regions [32]. Conversely,
as in our study, the larger Prospective Investigation of the
Vasculature in Uppsala Seniors study did not find any asso-
ciation between the MeDi and GM volumes [33]. In contrast
to studies of brain volumes, associations between the MeDi
and a lower burden of cerebrovascular disease have been
consistently reported [11,34]; the results of a broad impact
on WM connectivity reported here certainly extend these
previous findings.

The biological mechanisms underlying alterations of
WM connectivity with aging are still unclear, and the path-
ophysiological interpretation of our findings certainly de-
serves further investigation. Still, our results may provide
a few clues to start deciphering these pathways. First, the
strong relation of the MeDi with WM microstructure in
extensive areas (with no specific involvement of tracts
generally altered in AD, e.g., the cingulum and fornix) along
with the absence of meaningful association with GM atrophy
(specifically in AD regions, e.g., the hippocampus) suggests
that mechanisms are not primarily related to AD neurode-
generation [35–40]. It remains possible that our study was
underpowered to detect associations with volumes;
however, we were able to detect the effect of age,
suggesting sufficient power in this sample to capture well-
established risk factors for brain atrophy. Nonetheless, any
effect of the MeDi to GM volume would be at best modest
compared to the magnitude of associations we found with
DTI parameters.

Second, the extended pattern of WM microstructural
changes associated with the MeDi in our study is similar
to alterations reported in cerebral vascular diseases [14]
or in older subjects with higher blood pressure [41].
Hence, it is possible that mechanisms may rely on
vascular pathways, although this interpretation remains
speculative. Moreover, the beneficial effect of the MeDi
on vascular risk factors (e.g., lipid profile, blood pressure,
insulin resistance, adiposity, inflammation, and oxidative
stress [42–47]) is well established. So overall, there is a
strong biological plausibility for a role of the MeDi in
preserving brain vascular health. Yet, we did not find
evidence that the relation of the MeDi to WM structure
was mediated by standard vascular risk factors.
However, alterations of WM microstructure may
accumulate from middle age [15], and vascular factors
measured in the late life as in our cohort may incom-
pletely capture long-term exposures. It is thus possible
that the MeDi exerts lifelong beneficial effects on brain
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vasculature and microstructure starting long before
detectable vascular lesions. Certainly, the temporal rela-
tionships between diet and brain structure, as well as
vascular mediators over the life course, deserve further
research.

Our study has important strengths. We used a large
population-based sample and a comprehensive dietary
assessment, andMRI was based on a 3-T scanner, which of-
fers a better sensitivity than a 1.5-T scans. Moreover, ana-
lyses were controlled for a large number of potential
confounders, and we conducted a series of sensitivity ana-
lyses to assess the robustness of our findings. However,
there are also some limitations. First, we did not assess
DTI in 2001–2002; so, we were not able to adjust for brain
microstructure at the time of dietary assessment. However,
nutritional exposure preceded brain imaging by several
years, and we adjusted our analyses for cognition at the
time of the dietary questionnaire, and both these aspects
strongly limited the possibility of reverse causation. At
the same time, using a single dietary assessment may
have caused some misclassification in our analyses. How-
ever, we ensured that average intakes of most MeDi compo-
nents were reasonably stable across MeDi score categories,
suggesting that the participants did not modify their diets
during the study period. Another potential limitation per-
tains to the inclusion of individuals who accepted brain im-
aging and were generally healthier than the overall cohort,
and it is possible that selection of participants with both
better diets and a healthier brain may have biased results to-
ward the null (i.e., underestimation of associations).
Furthermore, adherence to the MeDi was ascertained ac-
cording to a sample-specific score, which limits the gener-
alizability of results to other populations. Finally, in
observational studies, there is always a risk of confounding,
and although we adjusted for many potential confounders,
residual confounding may still persist.

In summary, in our large sample of French older subjects,
higher adherence to the MeDi was associated with preserved
WMmicrostructure in multiple brain areas up to a decade af-
ter dietary assessment. It was recently demonstrated that
adopting a MeDi lowers the risk of stroke in individuals at
high vascular risk [10]. Our results extend these findings
by suggesting a strong beneficial effect of the MeDi on brain
connectivity. Certainly, these data may provide additional
support for promoting a healthy diet to maintain optimal
brain health with aging.
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RESEARCH IN CONTEXT

1. Systematic review: The Mediterranean diet (MeDi)
has been associated with lower risks of Alzheimer’s
disease and cerebrovascular diseases. Yet, a very
limited number of studies have examined MeDi
and brain structure, and we found no investigation
of white matter microstructure, which appears to be
altered by vascular risk factors early in the life
course.

2. Interpretation: Our findings provide novel mecha-
nistic knowledge on diet and the brain, by suggesting
a strong impact of healthy diets on structural connec-
tivity in older subjects, with no meaningful effect on
gray matter volumes. Overall, these results support
involvement of vascular rather than neurodegenera-
tive mechanisms, in accordance with the previous
literature on the MeDi and less vascular risk factors
and related diseases.

3. Future directions: Potential mediation by a beneficial
impact on brain vasculature and the time course of
the effect of healthy diets on brain structure over
the life span, both deserve further research.
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