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iDepartment of Psychiatry and Psychotherapy, University Medical Center Goettingen, University of Goettingen,

Goettingen, Germany
jInstitute for Stroke and Dementia Research (ISD), University Hospital, LMU Munich, Munich, Germany
kDepartment of Cognitive Neurology, MR-Research in Neuroscience, Georg-August-University Göttingen,

Germany
lGerman Center for Neurodegenerative Diseases (DZNE), Magdeburg, Germany
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sDepartment of Psychiatry, University of Cologne, Medical Faculty, Cologne, Germany
tInstitute of Cognitive Neurology and Dementia Research (IKND), Otto-von-Guericke University, Magdeburg,

Germany
uDepartment of Psychiatry and Psychotherapy, Otto-von-Guericke University, Magdeburg, Germany
vDepartment of Psychiatry and Psychotherapy, Charité – Universitätsmedizin Berlin, Campus Benjamin
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Abstract.

BACKGROUND: There is evidence that adherence to Mediterranean-like diet reduces cognitive decline and brain atrophy in

Alzheimer’s disease (AD). However, lengthy dietary assessments, such as food frequency questionnaires (FFQs), discourage

more frequent use.

OBJECTIVE: Here we aimed to validate a 6-items short questionnaire for a Mediterranean-like diet (6-QMD) and

explore its associations with memory performance and hippocampal atrophy in healthy elders and individuals at risk for

AD.

METHODS: We analyzed 938 participants (N = 234 healthy controls and N = 704 participants with an increased AD risk)

from the DZNE-Longitudinal Cognitive Impairment and Dementia Study (DELCODE). The 6-QMD was validated against

the Mediterranean Diet (MeDi) score and the Mediterranean-DASH Diet Intervention for Neurodegenerative Delay (MIND)

score, both derived from a detailed FFQ. Furthermore, associations between the 6-QMD and memory function as well as

hippocampal atrophy were evaluated using linear regressions.

RESULTS: The 6-QMD was moderately associated with the FFQ-derived MeDi adherence score (ρ = 0.25, p < 0.001) and

the MIND score (ρ = 0.37, p < 0.001). Higher fish and olive oil consumption and lower meat and sausage consumption showed

significant associations in a linear regression, adjusted for diagnosis, age, sex and education, with memory function (� = 0.1,

p = 0.008) and bilateral hippocampal volumes (left: � = 0.15, p < 0.001); (right: � = 0.18, p < 0.001)).

CONCLUSIONS: The 6-QMD is a useful and valid brief tool to assess the adherence to MeDi and MIND diets, capturing

associations with memory function and brain atrophy in healthy elders and individuals at increased AD dementia risk, making

it a valid alternative in settings with time constraints.

Keywords: Alzheimer’s disease, lifestyle, Mediterranean diet, hippocampus volume



C
O
R
R
E
C
T
E
D
 P

R
O
O
F

B.-S. Rauchmann et al. / A 6-items Questionnaire to capture a Mediterranean like dietary pattern in persons at risk for AD 145

1. Introduction

Several modifiable lifestyle factors influence the

risk of cognitive decline and Alzheimer’s disease

(AD) dementia [1], including smoking, depression

and dietary habits. Adherence to a Mediterranean

diet (MeDi)-like pattern appears to reduce the risk

of dementia and AD [2–4], however most evidence

comes from epidemiological studies, unsuitable for

establishing cause-and-effect relationships [5]. At the

same time, a recent randomized controlled trial sug-

gested a moderate beneficial effect of MeDi-like diet

on cognitive composite scores in older adults [6], but

the findings across the few trials published so far are

still inconsistent [7].

In most studies assessing eating habits, lengthy

and time-consuming food frequency questionnaires

(FFQs), comprising 80 to 120 items, are used

[8]. Time constraints in routine clinical and self-

administered settings call for shorter assessments of

dietary patterns to increase usability. Several short

questionnaires have been developed and demonstrate

good performance in predicting important health

outcomes, such as the impact of a MeDi-like diet

on reducing the risk of a first myocardial infarc-

tion [9–11]. In the multicenter Prevención con Dieta

Mediterránea (PREDIMED) study a comprehensive

but comparatively short 14-point MeDi Adherence

Screener (MEDAS) was developed to analyze the

effects of a traditional MeDi in primary prevention

programs [12].

In line with the positive impact of healthy dietary

habits on clinical outcomes, evidence is emerging

on their neuroprotective effects. Studies indicate that

healthy older individuals with closer adherence to

MeDi-like diet have larger MRI brain [13] and hip-

pocampal volumes [14] and cortical thickness [15],

slower change in brain atrophy over time [16], higher

structural connectivity and white matter integrity

[17, 18] and less amyloid-� (A�) pathology as

measured in cerebrospinal fluid (CSF) [14]. Middle-

aged healthy individuals following a MeDi-like diet

display slower glucose metabolic decline on positron-

emission-tomography (PET) [19–21], with some, but

not all [19], studies also showing lower A� accumu-

lation on PET [20, 21].

In the present study we assessed how accurately

a new 6-items Questionnaire for MeDi (6-QMD)

reflects adherence to a MeDi-like diet compared with

comprehensive FFQ-derived scores for adherence

to MeDi and Mediterranean-DASH Diet Interven-

tion for Neurodegenerative Delay (MIND). We used

data from the prospective multicenter German Center

for Neurodegenerative Disorders (Deutsches Zen-

trum für Neurodegenerative Erkrankungen, DZNE)-

Longitudinal Cognitive Impairment and Dementia

Study (DELCODE) and analyzed how the 6-QMD

score was associated with cognitive performance and

hippocampal atrophy in the entire subsample, and

in sub-groups of healthy participants and individuals

with elevated AD dementia risk. We compared this

with results from our previous, smaller study from

DELCODE where we had found FFQ-derived MeDi

to be associated with the same outcomes [14].

2. Methods

2.1. Study population

One thousand seventy-nine participants were

recruited for the DELCODE baseline dataset between

May 2014 and August 2018. After excluding N = 141

participants (reasons see Fig. 1), 938 participants

were eligible for this study, including N = 234 healthy

individuals (mean age 69, range 61–88, 132 female),

N = 441 subjects with subjective cognitive decline

(SCD, mean age 71 years, range 59–87 years, 205

female), N = 183 with mild cognitive impairment

(MCI, mean age 73 years, range 61–86 years, 80

female) and N = 80 older first-degree relatives of

patients with AD dementia (mean age 66 years,

range 60–78 years, 48 female) (Table 2). Participants

with SCD, MCI and first-degree relatives were sub-

sumed as participants with increased AD dementia

risk (N = 704) (Fig. 1). The detailed study design,

including the inclusion and exclusion criteria and

definitions of the diagnostic groups in DELCODE

are reported elsewhere [22]. Informed signed consent

has been obtained from all subjects in advance. Per

DELCODE protocols, all procedures performed in

studies involving human participants were in accor-

dance with the ethical standards of the institutional

and/or national research committee. All local institu-

tional review boards and ethical committees approved

the study protocol. The protocol approval number is

171/13.

2.2. Assessment of dietary parameters

A validated German version of the European

Prospective Investigation into Cancer and Nutrition
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Fig. 1. Flow charts of inclusion/exclusions. Abbreviations: AD, Alzheimer’s disease; DELCODE, DZNE-Longitudinal Cognitive Impairment

and Dementia Study; MRI, magnetic resonance imaging; 6-QMD, 6-items Questionnaire for a Mediterranean-like Diet.

(EPIC) [23] semi-quantitative FFQ (EPIC-FFQ) was

completed by the DELCODE participants, assessing

their nutrition intake over the past year. The 148 food

items and the associated nutrients were selected based

on recommendations of the German Institute for Food

Research [24]. Based on the EPIC-FFQ, the MeDi

and MIND scores were calculated using published

algorithms [25, 26].

The MeDi score is a tool to assess the adherence

to Mediterranean dietary patterns and comprises 9

categories, each of which can be scored 0 or 1. A sex-

specific median is used as a cut-off for each category,

except for the category covering the consumption

of alcohol, for which the sex-specific consumption

quantity of alcohol was used as a cut-off. The MeDi

score ranges from 0–9, with higher scores indicat-

ing a higher adherence to a MeDi-like diet [27]. The

MIND score is based on 15 food groups, including

10 beneficial food groups and 5 unfavorable food

groups, with either 0, 0.5 or 1 points given in each

category, according to predefined cut-offs. Therefore,

the MIND score ranges from 0 to 15, with higher

scores indicating a higher adherence to the MIND diet

[27].
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Table 1

Info box about the 6-QMD

The 6-items short questionnaire for a MeDi-like diet (6-QMD) is a brief screener comprising 6 food categories (olive oil, fish, fruit,

vegetables, dairy products and meat, sausages) typical for a MeDi. In each category either 0 or 1 point is given, depending on the

consumption frequency of the respective food category. In total the 6-QMD ranges from 0-6 points, with higher scores indicating a

more MeDi.

2.3. Generation of the 6-QMD

In addition to the EPIC-FFQ, a 14-item short

form questionnaire (FoodScreener), specifically cre-

ated for a quick assessment of diet in the German

Study on Aging, Cognition and Dementia in Primary

Care Patients (AgeCoDe) [28], was used to assess the

participants’ nutrition covering the past 12 months.

This questionnaire includes 14 food item categories

(olive oil; fish; red wine; white wine; other alcoholic

beverages; green tea; black tea; coffee; fresh fruit;

raw vegetables; cooked vegetables (without pota-

toes); potatoes, dairy- cheese, yogurt, milk- and meat/

sausage). Patients were asked to report the frequency

of consumption for each of the 14 categories. There

were five consumption frequencies to select from:

each day, several times per week, once a week, less

than once a week and never. To analyze questions

relevant for a MeDi-like dietary pattern, we decided

to include only 6 food item categories in our analy-

sis, based on the accepted main characteristics of a

MeDi-like diet [25]: olive oil, fish, fresh fruit, raw and

cooked vegetables (as one category), cheese, yogurt

and milk as dairy products and meat and sausages

(as one category). Although low-to-moderate alco-

hol consumption in some studies was found to protect

against dementia [29], we decided not to include alco-

hol consumption as a category in the 6-QMD, due to

the fact that the information generated by the Food-

Screener was very unspecific regarding the quantity

of alcohol consumption. As only the consumption

frequency per week, not the consumed quantity (in

milliliters or consumed glasses) was obtained in the

FoodScreener, it is not possible to assess whether the

alcohol consumption was low, moderate or high in

total.

As the traditional MeDi is marked by a high intake

of olive oil, fruit, vegetables and fish, as well as a low

intake of meat and dairy products [25], we distin-

guished two groups, one including beneficial and the

other one including non-beneficial food categories,

for the generation of the 6-QMD. In the four cate-

gories covering healthy food items (olive oil, fish,

fresh fruit and vegetables) 1 point was given for daily

consumption or multiple times per week and 0 points

for consumption once per week, less than once per

week or never. In the categories covering the con-

sumption of meat and sausages and the consumption

of dairy products, 1 point was given if the food items

were consumed once per week, less than once per

week or never and 0 points were given if the food

items were consumed multiple times per week or

daily. Therefore, the resulting 6-QMD score ranges

from 0–6 points, with higher scores indicating a more

MeDi-like dietary pattern. The information regarding

the 6-QMD is summed up in the info box in Table 1.

2.4. Assessment of cognitive function

Cognitive functioning was assessed using a

comprehensive battery of several detailed neuropsy-

chological assessments, including multiple tests for

each individual cognitive domain. Due to its clinical

relevance, we report a composite memory factor score

(MEM score) as an evidence-based and specific mea-

sure of memory function in DELCODE. A detailed

method description of the development of the MEM

score is found elsewhere [30].

2.5. Magnetic resonance imaging acquisition

and analysis

Structural brain MR images were acquired

using a synchronized 3D T1-weighted 1 mm3

isovoxel Magnetization Prepared-RApid Gradi-

ent Echo (MPRAGE) sequences (repetition time:

2500 ms; echo time: 4.37 ms; flip angle: 7◦; field

of view: 256 × 256 × 192 mm) on SIEMENS MAG-

NETOM TrioTim, Verio or Skyra 3 tesla scanners

(Siemens Healthcare, Erlangen, Germany) using

identical acquisition parameters and harmonized

instructions. To ensure high image quality throughout

the acquisition phase, all scans had to pass a semi-

automated quality check during the study conduction,

such that protocol deviations could be reported to the

study sites, and the acquisition at the respective site

could be adjusted.
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Table 2

Sociodemographic and clinical characteristics of the study cohort

Variable Controls (n = 234) At risk patients

(n = 704)

SCD (n = 441) MCI (n = 183) 1st degree

Relatives of AD

patients (n = 80)

p-value

Sex 132/234 (56%) f;

102/234 (44%) m

333/704 (47%) f

371/704 (53%) m

205/441 (47%) f;

236/441 (53%) m

80/183 (44%) f;

103/183 (56%) m

48/80 (60%)f;

32/80 (40%) m

<0.01

Age (years) 69.4 (5,4) 71.2 (6,1) 71.4 (6,0) 73.0 (5,6) 66,2 (4.5) <0.01

MEM score *1 0.61 (0.45) 0.10 (0.77) 0.38 (0.55) –0.76 (0.67) 0.54 (0.54) <0.01

Left

hippocampal

volume

(mm3)*2

3060 (315) 2945 (400) 3023 (365) 2704 (424) 3057 (298) <0.01

Right

hippocampal

volume

(mm3)*2

3163 (332) 3061 (401) 3128 (364) 2864 (448) 3140 (338) <0.01

6-QMD*3 2.98 (0.99) 2.96 (1.00) 2.99 (1.05) 2.82 (0.92) 3.05 (0.91) 0.271

MIND score*4 6.40 (1.35) 6.14 (1.40) 6.16 (1.36) 5.90 (1.47) 6.56 (1.40) <0.01

MeDi score*5 4.65 (1.66) 4.45 (1.65) 4.52 (1.62) 4.13 (1.81) 4.70 (1.40) 0.066

At risk patients: SCD patients, MCI patients and 1st degree relatives of AD patients. *1: n (Controls) = 234; n(At risk) = 702; n (SCD) = 440;

n(MCI) = 182; n(Relatives of AD patients) = 80. *2: n(Controls) = 223; n(At risk) = 612; n(SCD) = 378; n(MCI) = 158; n(Relatives of AD

patients) = 76. *3: n(Controls) = 230; n(At risk) = 668; n(SCD) = 423; n(MCI) = 167; n(Relatives of AD patients) = 78. *4: n(Controls) = 177;

n(At risk) = 369; n(SCD) = 222; n(MCI) = 93; n(Relatives of AD patients) = 54. *5: n(Controls) = 178; n(At risk) = 380; n(SCD) = 231;

n(MCI) = 95; n(Relatives of AD patients) = 54. Abbreviations: AD, Alzheimer’s Disease; f, female; m, male; MCI, mild cognitive impairment;

MeDi score, Mediterranean-like diet score; MEM score, composite score of memory function; MIND score, Mediterranean-DASH Diet

Intervention for Neurodegenerative Delay score; 6-QMD, 6-items Questionnaire for a Mediterranean-like Diet; SCD, subjective cognitive

decline.

Hippocampal volumes were computed using

FreeSurfer 6.0 [31] and a previously described mod-

ule for improved segmentation of the hippocampus,

based on ultra-high resolution (∼0.1 mm isotropic) ex

vivo MRI data to create a statistical atlas which is used

to generate a segmentation of the hippocampal sub-

fields [32]. The algorithm has been validated across

different sites [33]. To enhance the accuracy of the

hippocampal segmentation, two MR images, a T1-

weighted and a high resolution T2-weighted image,

were used [34]. In our analysis we used the estimated

whole hippocampal volumes for the left and the right

hippocampus. Following a visual inspection for com-

pleteness, cuts, subject motion, and other artifacts

(such as blurring, echoes, and ghosting), only images

classified as acceptable were included. The structural

MRI data of one MCI participant was excluded, as

it was classified as unusable due to strong motion

artifacts.

2.6. Statistical analysis

All statistical analyses were performed using

SPSS, version 26.0 (IBM Corp., Armonk, NY). All

tests were two-sided, with p < 0.05 considered signif-

icant. Kruskal-Wallis tests and Chi-square tests were

used to compare the baseline sociodemographic, clin-

ical, and genetic variables between the study groups

as appropriate. Partial Spearman correlation was used

to assess the association between the MeDi and

MIND scores and the 6-QMD as well as to assess

the correlation between the single 6-QMD items and

the corresponding items in the FFQ. Linear regres-

sion was used to analyze the associations between the

6-QMD and cognitive decline and hippocampal atro-

phy. All analyses were adjusted for age, sex, diagnosis

and education (only whole group). Corrections for

multiple testing were performed using false discovery

rate (FDR) in subgroup analyses.

3. Results

Sociodemographic and clinical characteristics of

the studied cohort are presented in Table 2. Sub-

jects with MCI were older, had lower MEM scores

and smaller bilateral hippocampal volumes compared

to healthy individuals, subjects with SCD and rela-

tives of AD dementia patients. Sex distribution was
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Fig. 2. Correlation between 6-QMD and MIND score. Abbrevi-

ations: MIND score, Mediterranean-DASH Diet Intervention for

Neurodegenerative Delay Score; 6-QMD, 6-items Questionnaire

for a Mediterranean-like Diet.

approximately equal across all groups. The healthy

and AD dementia risk groups were comparable

regarding their age. The at-risk participants exhib-

ited lower MEM scores and bilateral hippocampal

volumes.

3.1. Validation of the 6-QMD with the

FFQ-derived MeDi and MIND scores

In the subsample with both the FFQ and the

6-QMD available, we assessed the associations

between all 6-QMD items with MeDi and MIND

scores and corresponding FFQ items. After adjust-

ing for age, sex, diagnosis and education, a positive

association between the 6-QMD and the MIND

score (ρ = 0.37, p < 0.001; N = 535) and MeDi score

(ρ = 0.25, p < 0,001; N = 546) was found for the

entire subsample (Figs. 2 and 3 respectively), the

AD dementia risk group (MIND (ρ = 0.37, p < 0.001,

N = 360), MEDI (ρ = 0.27, p < 0.001, N = 370)),

and the control group (MIND (ρ = 0.43, p < 0.001,

N = 175), MeDi (ρ = 0.22, p < 0.003, N = 176)).

Reported intake of olive oil, fish, fruit and vegeta-

bles showed significant associations with the MIND

and the MeDi scores. Furthermore, five single items

from the 6-QMD (fish, fruit, vegetables, meat and

sausages and dairy products) showed significant cor-

relations with the corresponding food components

(measured in consumption in grams per day) from

the FFQ (Table 3). Olive oil consumption cannot be

deduced from the FFQ, as the FFQ does not differen-

tiate between olive oil and other vegetable oils.

Fig. 3. Correlation between 6-QMD and MeDi score. Abbrevia-

tions: MeDi score, Mediterranean-like diet score; 6-QMD, 6-items

Questionnaire for a Mediterranean-like Diet.

3.2. Associations of memory performance and

hippocampal atrophy with the 6-QMD

In the entire subsample, positive associations

between the 6-QMD were found using a linear regres-

sion, adjusted for diagnosis, age, sex and education,

and the MEM score (� = 0.1, p = 0.008) and left

(� = 0.15 p < 0.001) and right hippocampal volume

(� = 0.18, p < 0.001); in the AD dementia risk group,

the 6-QMD was associated with MEM (� = 0.18,

p = 0.003) and left (� = 0.19, p < 0.001) and right

hippocampal volume (� = 0.22, p < 0.001); no associ-

ations were found in the healthy control group and for

right hippocampal volume. In a subsequent analysis

we explored the associations between individual 6-

QMD items with hippocampal volume and memory

performance in the AD dementia risk group. A higher

consumption of olive oil and fish and a lower con-

sumption of meat was associated with higher bilateral

hippocampal volumes. Lower meat consumption and

increased olive oil consumption were further associ-

ated with increased memory performance (Table 4).

4. Discussion

Extensive food questionnaires such as the EPIC-

FFQ provide reliable estimates of nutrient intake

in diverse settings [35], and have been validated in

diverse populations [36]. However, the administra-

tion of FFQs is a time-consuming process and the

computation of dietary patterns is relatively complex.

Therefore, FFQs are not suitable for clinical settings,

requiring a rapid, but still reasonably reliable, assess-
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Table 3

Associations between the individual items of the 6-QMD with the MIND score, the MeDi score, the 6-QMD and the corresponding items

from the FFQ in the entire cohort

Variables MIND score ρ MeDi score ρ 6-QMD ρ FFQ items ρ

Olive oil 0.25** 0.15** 0.64** No corresponding items in the FFQ

Fish 0.23** 0.14* 0.52** 0.49**

Fruit 0.95* 0.15** 0.35** 0.24**

Vegetables 0.11* 0.13* 0.39** 0.14*

Meat & sausages 0.22** 0.04 0.49** –0.37**

Dairy products (Cheese, yogurt, milk) –0.07 0.03 0.15** –0.24**

Abbreviations: *p < 0.05; **p < 0.001; FFQ, food frequency questionnaire; MeDi score, Mediterranean-like diet score; MIND score,

Mediterranean-DASH Diet Intervention for Neurodegenerative Delay score; 6-QMD, 6-items Questionnaire for a Mediterranean-like Diet.

Table 4

Association between the 6-QMD, the individual items of the 6-QMD and the left and right hippocampal volume and the MEM score in a

linear regression model l in the AD risk group

Left hippocampal volume Right hippocampal volume MEM score

Variables � (std) p � (std) p � (std) p

6-QMD 0.19 <0.001 0.22 <0.001 0.18 0.003

Olive oil consumption 0.09 0.03 0.09 0.009 0.08 0.02

Fish consumption 0.09 <0.001 0.09 0.01 0.05 0.17

Fruit consumption 0.04 0.26 0.05 0.13 0.02 0.56

Vegetable consumption 0.03 0.34 0.06 0.11 0.01 0.76

Meat consumption 0.08 0.03 0.09 0.02 0.09 0.02

Dairy product consumption 0.02 0.54 0.04 0.27 –0.4 0.31

Abbreviations: 6-QMD, 6-items Questionnaire for a Mediterranean-like Diet, � (std), standardized beta.

ment of individual dietary habits, for example, to

explore lifestyle-based risk of AD and other brain dis-

orders. FFQs require a high level of motivation and

a relatively large burden is passed onto the respon-

dents, which can be reduced by short questionnaires,

increasing the willingness of individuals to partici-

pate in the lifestyle assessments. The main findings

of our study are: The 6-QMD is (i) correlated with

the established FFQ-derived MeDi and MIND scores;

(ii) subjects at risk for AD dementia, but not healthy

controls, with low adherence to a MeDi-like dietary

pattern show memory impairment and hippocampal

atrophy; (iii) high daily intake of fish and olive oil

as well as low intake of meat and sausages are asso-

ciated with higher hippocampal volume in subjects

at risk for AD dementia, but not in healthy controls

and (iv) high intake of olive oil and low intake of

meat and sausages are associated with less memory

impairment in subjects at risk of AD. In general, these

findings for the 6-QMD align well with our study on

the FFQ-derived MeDi in a DELCODE subsample

[14].

The significant association between MeDi and

MIND scores and the 6-QMD, and the association

with memory and hippocampal atrophy, suggest that

this short screening tool is a valid method to analyze

the adherence to beneficial, MeDi-like dietary pat-

terns at least in German samples. In accordance with

previous studies, we revealed an association between

non-adherence to a MeDi-like diet and hippocampal

atrophy using the 6-QMD [13, 14, 37]. In addition to

a possible impact on brain structure integrity, a pos-

sible explanation for these findings is that fish and

olive oil lower the risk of cardiovascular disease [38,

39], known to be associated with neurodegeneration

and AD [40–42]. An increase of HDL cholesterol, a

decrease of LDL and total serum cholesterol as well

as a decrease of triglycerides in the blood have been

associated with the consumption of monounsaturated

fatty acids (MUFAs), n-6 polyunsaturated fatty acids

(PUFAs) and n-3 PUFAs, which are all contained in

olive oil [43]. As it is suggested that an increased risk

for any type of dementia emerges from high mid-life

total cholesterol [44] and a part of the constituents of

olive oil go along with a reduction of the total serum

cholesterol, this might be one of the main pathways

of how olive oil reduces the risk of AD. In addition to

that, research suggests that high levels of n-3 PUFAs
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in fish and MUFAs as well as n-6 PUFAs in olive oil

exhibit protective effects against neurodegeneration

[43, 45, 46]. Furthermore, n-3 PUFAs are known to

protect against neuroinflammation, playing a key role

in the development of AD [47, 48]. The polyphenols,

antioxidants and anti-inflammatory agents contained

in olive oil [49] may also improve A� clearance

from the brain and reduce neuroinflammation [50].

In particular, a reduced risk for AD has been found

in connection with the consumption of oleocanthal,

a phenolic component in extra virgin olive oil [50].

But not only do polyphenols exhibit antioxidant and

anti-inflammatory qualities, it was also suggested that

they inhibit the self-assembly of A� and tau [51].

Therefore, intake of polyphenols could be another

reasonable explanation for the reduced AD-related

neurological pathologies in association with the con-

sumption of olive oil. Moreover, an increased intake

of extra virgin olive oil has been associated with

enhanced memory, increased hippocampal synaptic

activity along with a reduction of tau neuropathology

in a mouse model [52], in line with our findings.

We show for the 6-QMD that food items related to

MeDi-like diets are associated with both, changes on

the neurobiological level (i.e. hippocampal atrophy)

and on the cognitive level, suggesting slower cogni-

tive decline in participants at risk for AD dementia

with closer adherence to more beneficial dietary pat-

terns. An association between a MeDi-like dietary

pattern and decreased cognitive decline over-time has

been reported previously in several studies [6, 30, 53],

making our findings even more relevant with regard

to the role of a MeDi-like dietary pattern in the pre-

vention of AD and in delaying the preclinical and

clinical disease stages.

Our findings support and extend previous studies

reporting that high consumption of fish and olive

oil and low consumption of meat and sausages are

associated with higher hippocampal volume. High

fish intake and low meat consumption have previ-

ously shown to exhibit neuroprotective effects against

brain atrophy [13, 54–56], in AD typically affecting

the medial temporal brain regions, including the hip-

pocampus, early in the disease course, indicating that

these findings are related to prodromal AD as well as

healthy aging.

There are potential limitations of our study.

Although the analyses were performed using a rel-

atively large prospective cohort, no longitudinal data

was available at the time of the analyses. This should

be addressed in future studies. Furthermore, reverse

causation may have affected our results because AD

progression is related to changes in eating habits

and nutrient uptake. We attempted to mitigate those

effects by including only participants at risk for AD

dementia, in whom dietary changes are still rela-

tively minor, if present at all. Furthermore, it has been

shown that MeDi-like dietary patterns remain stable

in older adults [57]. Hippocampal atrophy is a rea-

sonably specific finding in individuals with AD-type

cognitive impairment, supporting our conclusions on

the neurobiological substrates of MeDi in early AD.

To conclude, our data support the application of

short assessment tools for MeDi in clinical and

research settings where time constraints and limited

resources do not allow a more extensive evaluation.

Furthermore, our study indicates that a MeDi-like

dietary pattern, particularly high olive oil and fish and

low meat consumption, may protect against cognitive

decline and brain atrophy in individuals at risk for

AD dementia. Further research is warranted to repli-

cate our findings in independent datasets, including

longitudinal measurements and biomarker-diagnosed

subjects.
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