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Abstract
Background: The Mediterranean Diet (MD) is well-studied for slowing cognitive declines. Few studies have examined

how a Western MD (wMD) may impact cognitive function.

Objective: This study examined whether a wMD predicted less cognitive decline over 9 years in a national sample of

American adults. The measures were episodic memory (EM) and executive functioning (EF) at baseline and 9 years fol-

low-up.

Methods: This is a secondary analysis of the Midlife in the United States Study (MIDUS), using a longitudinal cohort

design with cross-sectional dietary data. Participants in this study had data from Waves 2 and 3 of MIDUS (n= 833,

46± 12 years; 45% male). Regression analyses tested whether wMD adherence predicted 9-year changes in EM and

EF. Moderator analyses determined whether the relationship between wMD, EM, and EF differed across sociodemo-

graphic characteristics.

Results: wMD score at Wave 2 predicted attenuated declines in EM 9 years later (β= 0.06, p= 0.04). The association

between wMD and EM was not moderated by age, sex, race, education, or income and thus is consistent across socio-

demographic subpopulations. wMD did not predict EF (fully adjusted wMD β= 0.00, p= 0.86). Contextualized effect sizes

showed that individuals who strongly adhered to the wMD (+1 SD) experienced ∼50–60% less decline in 9-year EM when

compared to those with average adherence.

Conclusions: A wMD was related to slowed EM declines across sociodemographic populations in a national U.S. sample.

Education is needed about healthful dietary habits, including increased fruit and vegetable intake.
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Introduction
The Mediterranean Diet (MD) is a widely studied behav-
ioral factor that has been proposed to buffer the cogni-
tive declines associated with Alzheimer’s disease and
Alzheimer’s disease-related dementias (AD/ADRD). As
longevity increases, research on the role of modifiable
health behaviors such as MD to reduce risk and delay
onset of AD/ADRD is of paramount importance given
that 1 in 3 adults over the age of 85 develop some form
of dementia.1 Additionally, about 4% of adults age 65
and older have received a dementia diagnosis.2 The MD
focuses on increased consumption of fruits, vegetables,
whole grains, calcium-rich dairy foods, olive oil, and
seafood, while reducing consumption of added sugars,
heavily processed foods, and saturated fat from red

meat.3 This dietary pattern has been linked to better
health and cognitive outcomes during aging.4–7

A previous study by Tangney et al. (2011) showed that
adherence to the MD in old age reduced the risk of

1Motivation and Healthy Adult Development Lab, North Dakota State

University, Fargo, ND, USA
2Healthy Aging North Dakota, North Dakota State University, Fargo, ND,

USA
3Department of Health, Nutrition, and Exercise Sciences, North Dakota

State University, Fargo, ND, USA

Corresponding author:
Kelly RB Parker, Motivation and Healthy Adult Development Lab, North

Dakota State University, 1210 Albrecht Blvd, Fargo, ND, 58102, USA.

Email: kelly.burdett@ndsu.edu

Research Article

Journal of Alzheimer’s Disease

2025, Vol. 104(3) 943–952

© The Author(s) 2025

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/13872877251320861

journals.sagepub.com/home/alz

https://orcid.org/0000-0002-9233-2541
https://orcid.org/0000-0002-0644-5524
https://orcid.org/0000-0002-6075-5996
https://orcid.org/0000-0002-1672-0868
mailto:kelly.burdett@ndsu.edu
https://uk.sagepub.com/en-gb/eur/journals-permissions
https://journals.sagepub.com/home/alz
http://crossmark.crossref.org/dialog/?doi=10.1177%2F13872877251320861&domain=pdf&date_stamp=2025-03-17


cognitive impairment over a 7-year follow-up.8 Further
research by Tangney et al. (2014) extended this earlier
work by showing that MD was linked to slower declines
in more sensitive indicators of cognitive aging involving
preserved episodic memory.9

Another comparable investigation found that this rela-
tionship held over extended periods of time (12–17 years)
in an older Mediterranean population.10 Scarmeas et al.
(2009) further highlighted the benefits of the MD in older
Americans with his novel scoring tool by demonstrating a
reduction in the progression towards mild cognitive impair-
ment and dementia amongst individuals adhering to an MD
eating pattern more closely than their peers.7 Although this
previous work provides strong evidence for the protective
role of MD on cognitive function, most studies focus
solely on older adults and coarse measures of cognitive
function that are less sensitive to the small changes that
individuals may experience over shorter time intervals as
part of the normal aging process.11–16 Critical open ques-
tions thus remain about the role of MD in young and
middle-aged adults who may gain the greatest long-term
benefit from adopting dietary changes earlier in the lifespan
for reducing the risk of early onset dementia.

Other studies have very brief periods of follow-up
sometimes measured in months rather than years, likely
due to the difficulties of maintaining a longitudinal
cohort.17 Few studies have examined whether the rela-
tionship between MD and cognitive function holds in a
large, national sample of adults from the United States
(U.S.) over an extended period of time. Moreover,
almost no studies have examined this relationship in an
adult lifespan sample, with the exception of the
Personality & Total Health Through Life cohort
(PATH).15,16 Although the PATH cohort provided valu-
able information, the key focus of the research was on a
modification of the MD, the MIND diet, which combines
the Dietary Approaches for Stopping Hypertension, or
DASH diet, with the MD. This modification includes
more use of low-fat dairy foods and adds a focus on reduc-
tion of sodium intake along with increasing calcium and
potassium intake.

While the MIND diet has health benefits, its stringent
guidelines and required tracking and label reading make
it challenging to follow over extended time periods, and
therefore less feasible as it may require a substantial
dietary overhaul. For example, previous work has
found that Americans largely under-consume fruits,
vegetables, whole grains, calcium-rich dairy foods and
seafood, and overconsume red and processed meats,
refined grains, added sugars and especially
sugar-sweetened beverages (SSBs).18 Furthermore,
American adults may not consume olive oil as often as
other plant-based oils.19 This combination of factors
suggests that a modification of the MD that still
addresses key tenets of dietary quality such as fruit and

vegetable intake while being more lenient in regards to
protein sources may be helpful in moving American
adults toward a more healthful diet.

Using national MIDUS data, our study examined the role
of such a modified, Western MD (wMD), in buffering
against longitudinal declines in two key domains of cogni-
tive functioning that are sensitive to early age-related losses:
episodic memory and executive functioning.20 The wMD is
based on the scoring tool utilized by the PREDIMED study,
with modifications to account for current dietary habits and
recommendations in the U.S. as identified in the Dietary
Guidelines for Americans.18,21 The wMD focused on the
potential benefits of increased consumption of fruits, vegeta-
bles and fish, and decreased consumption of sugar-sweetened
beverages and fast food.

The wMD allows for a lenient consumption of dairy, lean
meat and poultry, as well as up to 3 servings per week of red,
fatty, or processed meats, and for any non-animal protein food
to be included as a source of lean proteins. Increased allow-
ance of dairy products is based on previous findings that
the protein-calcium matrix found in milk, cheese, and espe-
cially yogurt may be beneficial to cognitive health in the
aging process along with well-documented reductions in sar-
copenia and osteoporosis.22,23 However, low-fat and fat-free
versions are generally recognized as being more healthful
due to the reduction in saturated fat content.24 Even so,
with the wide availability of low-fat and fat-free dairy pro-
ducts in the U.S., this may be a less expensive and less pro-
cessed source of protein than other protein-rich foods.
Additionally, while the amount of red, fatty, and/or processed
meats (including fried chicken, ribs, and sausage) allowed
under the wMD are higher than recommended in the trad-
itional MD, this allowance is still much lower than the
nearly 8 servings of red, fatty, or processed meats typically
consumed by an American adult, and is less than the 1
serving per day allowed by the PREDIMED guide.21,25

Lean protein sources included white meat chicken or
poultry, lean beef or lean pork based on data available in
MIDUS. Furthermore, wine is not considered in this calcula-
tion due to disagreement as to whether it should be recom-
mended, and olive oil was excluded due to lack of available
data. We did, however, include a point for consuming fast
food once a week or less often.

These modifications in the wMD retain the benefits of a
diet rich in fruits, vegetables, whole grains, and lean
protein sources and closely aligns with other healthful
dietary patterns associated with reduced risk of several
morbidities.4,7,11,13,21,23,26–30 We examined whether this
more feasible wMD was associated with longitudinal epi-
sodic memory and executive functioning over a 9-year
period in a national cohort of Americans across the
adult lifespan. We also examined the extent to which
associations between the wMD and cognitive functioning
differed across (were moderated by) key sociodemo-
graphic characteristics.
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Methods
The National Midlife in the United States (MIDUS) study
was reviewed and approved by the University of
Wisconsin-Madison, and its methods have been described
elsewhere.31 Briefly, the MIDUS study began in 1995
with 7108 participants aged 25–74 at baseline who were fol-
lowed every 9 years until mortality or study dropout. The
MIDUS study focuses on the health and wellbeing of
adults throughout the adult lifespan with a biopsychosocial
model, and has integrated biomarkers, genetics, and occupa-
tional data to its original survey sampling design for a subset
of the participants. The Brief Test of Adult Cognition by
Telephone (BTACT) was added in Wave 2 as Project 3.32 A
food frequency questionnaire was also added at Wave 2 as
part of MIDUS Project 4 (the Biomarker project).33

Participants were included if they participated in the
Biomarker Project at Wave 2, provided complete dietary data
at Wave 2, and provided cognitive data at Waves 2 and 3.

Participants
Those providing only dietary data (n= 1053: 55± 12 years
of age; 45% male) were largely similar to those who also
provided at least some cognitive functioning data (nEM=
860: 54± 11 years of age; 44% male). All individuals
lived in the United States and were initially contacted
using a random digit dialing system to recruit a national
sample. More information about MIDUS and its partici-
pants is available elsewhere.34–36 MIDUS data is publicly
available for download after registration.37

Western Mediterranean (wMD) diet score
calculation
The MIDUS Medical History Questionnaire was reviewed
for typical dietary practices of respondents. This question-
naire was administered by trained interviewers when the
participants came to the site for their clinical assessments,
including a blood draw, urine, and saliva samples.33 These
data included servings of each of the variables and their fre-
quency (daily, weekly, monthly, etc.). Therefore, each food
item was recalculated to compare directly against the fre-
quency of consumption that would align with the commonly
recognized MD (e.g., frequency of dairy consumption on a
daily basis, fish and other protein foods’ consumption on a
weekly basis, etc.) and the 2020–2025 Dietary Guidelines
for Americans (USDGA). The frequency of consumption
was then compared against the UK’s cardiac rehabilitation
Mediterranean Diet Score Tool, a variation on the
PREDIMED Mediterranean Diet Scoring Tool, with a
binary score of 1 or 0 for each item, so that a score of 1 indi-
cated compliance.38–40 Appropriate portion sizes and fre-
quencies were determined based on the UK’s Cardiac
Rehabilitation Mediterranean Diet Score Tool in conjunction

with the average serving amounts for the USDGA (e.g., 1 cup
of fruits or vegetables equated to 1 serving and 1 ounce of
whole grains equated to 1 serving). Scores were summed
and a higher overall score indicated greater compliance.38

Because the MIDUS questionnaire did not include a sep-
arate question for fat sources, olive oil was not included in
the wMD score calculation. The fat content of milk was not
measured as part of the MIDUS food frequency question-
naire. Wine consumption was excluded from the wMD
score because there is disagreement about the potential
health benefits of wine, and the 2020–2025 Dietary
Guidelines for Americans does not recommend wine con-
sumption for people who do not already consume
alcohol.18 The score was further modified to include a point
for fast food frequency of less than or equal to once per
week, which is less than the average for Americans.41,42

Due to these changes, the possible scores for the wMD
ranged from 0 to 11. Items incorporated included servings
of milk, yogurt, cheese, sugar-sweetened beverages, servings
of fruits and vegetables, servings of whole grains, fish, beef or
other fatty and processed meats, lean meat, and non-meat pro-
teins, as well as fast food frequency. Adjustments were made
to the allowable number of servings of lean meat, red, fatty, or
processed meats, and total amount of dairy products in order
to address current dietary habits of Americans and make
adherence to the wMD more attainable. Table 1 includes
the scoring criteria for the 11 items. The wMD exhibited a
moderate-to-strong correlation with the previously validated
MIDUS-Healthy Eating Index (Pearson’s r= 0.69,
p<0.001).43

Cognitive functioning
The Brief Test of Adult Cognition by Telephone (BTACT)
was used to assess episodic memory and executive func-
tioning at Waves 2 and 3.44,45 Previous research has
found the BTACT to be reliable, valid, and sensitive in
measuring episodic memory and executive functioning in
middle-aged and older adults.20,32,44,46–48 A detailed
summary of the BTACT can be found elsewhere.20,32

In brief, the BTACT battery included two cognitive tests
for episodic memory and five for executive functioning.32

Episodic memory was assessed using immediate and
delayed recall tasks with a free recall of 15 words.
Executive functioning was assessed using measures of
inductive reasoning (completing patterns in a number
series), category verbal fluency (number of animal names
produced in one minute), processing speed (number of
digits produced counting backwards from 100 in 30 s),
working memory (backward digit span), and attention
switching and inhibitory control (Stop and Go Switch
Task). For the executive functioning measure, a recom-
mended filter was used to retain data for only those partici-
pants with valid scores on the Stop and Go Switch
Task.32,44 Valid scores were those with no technical
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malfunctions, where the participant understood the task and
was not distracted by external events. It should be noted that
the sample size differs between the episodic memory and
executive functioning datasets due to instances of nonvalid
data in the executive functioning tasks for the Stop and Go
Switch Task. As described in previous studies,46,49 mea-
sures of episodic memory and executive functioning were
calculated by averaging the standardized values of their
respective subtests at each wave.20

Sociodemographic covariates and moderators
Age, sex, race, and socioeconomic status (SES) are well-
established correlates of cognitive functioning and were
included as covariates in the analyses.20,50–52 Age in
years was assessed at Wave 2. Sex (1=male, 2= female)
and race (0=White, 1= non-White) were assessed at
Wave 1. Three self-reported measures of SES were assessed
at Wave 2, including level of formal education completed,
total household income in U.S. dollars, and perceived SES
using the reverse-coded MacArthur Scale of Subjective
Social Status. A composite SES score was created from
these variables and utilized as in previous studies.46,53

Instrumental activities of daily living limitations (IADLs)
as measured at wave 2 (baseline) were likewise included.
Participants reported the extent to which health limited
their ability to perform 7 IADLs using a 4-point scale (1=
a lot, 4= not at all; e.g., carrying groceries, climbing
several flights of stairs, etc.). Scores were reverse coded so
that higher scores reflected greater functional limitations.

Statistical analyses
Autoregressive, ordinary least squares (OLS) regression
models were employed to test our hypothesis that a wMD
would prospectively predict longitudinal changes in epi-
sodic memory and executive functioning. Step 1 models
assessed the extent to which wMD at baseline (Wave 2)

predicted 9-year changes in each indicator of cognitive
functioning while controlling for age, sex, race, socio-
economic status (SES), and baseline (Wave 2) levels of
the outcome measures (i.e., autoregressive effects). This
autoregressive approach is recommended over a raw
change score approach, which may bias estimates from pre-
existing baseline differences in the outcome measures.54

Step 2 models assessed the extent to which key sociodemo-
graphic characteristics including age, sex, race, and SES
moderated the associations between wMD and longitudinal
changes in cognitive functioning. Step 3 models assessed
the extent to which wave 2/baseline IADLs influenced the
relationship between wMD and cognitive functioning. All
models were run using SPSS version 27.0 using an alpha
level of significance at 5% or 0.05.55 Supplemental analyses
were conducted to examine more traditional versions of the
MD along with individual items’ average daily consump-
tion (see Supplemental Material).

Results
As is typical of longitudinal studies, participants who com-
pleted wave 3 were more likely to be younger than those
who dropped out between waves 2 and 3, though the
effect size was relatively small (d= 0.37, p < 0.001).56

Descriptive analyses indicated the average wMD score at
Wave 2 of the MIDUS biomarker project was 5.95± 1.73
on an 11-point scale with scores ranging from 1–11 and a
median score of 6. The most commonly received point was
for lean meat consumption, and the least commonly received
point was for fish consumption with only 86 participants
(8.2%) receiving the point. Table 2 contains a summary of
the percentages of the sample who received a point for each
area of intake from all participants who provided dietary
intake data in the food frequency questionnaire (N= 1053).

Our regression analyses revealed that the wMD
predicted longitudinal changes in episodic memory in
both the raw, unadjusted model (β= 0.08, SE= 0.030

Table 1. Scoring criteria for Western Mediterranean diet.

Food item Frequency Amounta Score if criteria is met/not met

Milk Daily >0 -≤ 3 servings 1/0

Yogurt Daily >0 -≤ 3 servings 1/0

Cheese Daily >0 -≤ 2 servings 1/0

Sugar-sweetened Beverages Daily <1 serving 1/0

Whole Grains Daily ≥3 servings 1/0

Fruits and Vegetables Daily ≥5 servings 1/0

Fish Weekly ≥3 servings 1/0

Red, Fatty, or Processed Meats Weekly ≤ 4 servings 1/0

Lean Meats Weekly >3 serving 1/0

Non-Meat Proteins Weekly ≥3 servings 1/0

Fast Food Weekly ≤1 servings 1/0

aItems that are indicated as having >0 could have any amount greater than 0 up to the indicated limit due to the nature of calculations, e.g., 0.01 servings of

milk per day would qualify for a full point. For convention’s sake, all items were rounded to 2 decimal places during calculation.
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p= 0.011), and in the fully adjusted model (β= 0.06,
SE= 0.030, p= 0.037), such that greater adherence to the
wMD prospectively predicted less decline in episodic
memory over the 9-year follow-up period. Table 3 sum-
marizes the results for episodic memory in the unadjusted
and adjusted models, while Table 4 summarizes the findings
for executive functioning. Adherence to the wMD did not
predict longitudinal changes in executive functioning in
either the unadjusted or adjusted models (p= 0.246).

To contextualize the main effects on episodic memory,
we generated predicted values (PVs) that adjusted for raw,
average sample declines of −0.10 units over the 9-year
follow-up. Small but meaningful differences emerged for par-
ticipants who scored a standard deviation below the mean on
wMD (PV=−0.16), who had average wMD (PV=−0.10),
and who scored a standard deviation above the mean on
wMD (PV=−0.03). These estimates are summarized in
Figure 1 and suggest that rates of decline in episodic
memory were reduced by approximately 70% (−0.10
versus −0.03) for individuals who strongly adhered to the
wMD relative to those with average adherence to the wMD.

Moderation models tested whether the association
between wMD and longitudinal cognitive functioning
depended on key sociodemographic characteristics including
age, sex, race, education, and income. Results from these
analyses yielded no significant interactions for episodic
memory (age p= 0.341, sex p= 0.341, race p= 0.308, edu-
cation p= 0.783, income p= 0.176). The same pattern
emerged for executive functioning, such that no significant
interactions were observed (age p= 0.982, sex p= 0.765,
race p= 0.339, and education p= 0.547, income p= 0.528)
indicating that greater adherence to the wMD had benefits
for longitudinal episodic memory that were consistent
across subpopulations that varied in age, sex, race, income,
and education.

Discussion
The principal findings from our investigation revealed that a
wMD may provide protective effects for cognitive function

in an adult lifespan sample in the U.S. Previous studies have
found that high adherence to an MD diet is associated with
lower AD pathology and risk,7,13,14 and slower declines in
episodic memory.11,12 However, few studies examined the
role of a wMD in an adult lifespan sample in the U.S.
with a long-term follow-up. Even less dietary research has
been conducted using sensitive measures of cognitive
change such as the BTACT rather than more broad-strokes
tools such as the Telephone Interview for Cognitive Status,
Mini-Mental State Exam or the Montreal Cognitive
Assessment which are less sensitive to subclinical declines
in cognitive functioning that may occur earlier in the life
course.56 A few of the studies that have examined these
more sensitive measures include the Chicago Health and
Aging Project,9 the Maine-Syracuse Longitudinal Study,57

as well as the Lothian Birth Cohort 193630 and
others.7,16,58–60 However, all of these studies were based
solely on older adults at their outset while our study exam-
ined individuals across the adult lifespan.

Our findings showed that executive functioning was not
impacted by the wMD score. This could be due to a number
of factors, such as no specific inclusion of olive oil of any
type in our measure due to lack of available data on con-
sumption in MIDUS. Monounsaturated fats found in olive
oil, and extra virgin olive oil in particular, have previously
been linked to improved executive functioning in older
adults who follow the MD eating pattern.59,61 Other
factors beyond diet may have influenced the null finding,
including a strong autoregressive effect on executive func-
tioning, making it less able to be impacted by behavioral
changes. Episodic memory may therefore be more notice-
ably attenuated by dietary differences.

Numerous mechanisms have been proposed for as an
explanation for the benefits of the MD eating pattern,
including reductions in oxidative stress and inflammatory
biomarkers from the high intake of antioxidants and poly-
phenols from fruits, vegetables, and whole grains.24,61

Other social and behavioral factors of the Mediterranean
lifestyle, including meals with family and friends and
regular incorporation of physical activity in daily life have
also been proposed. These health behaviors are likely to
lead to improvements in cardiovascular function and
better control of chronic conditions such as diabetes,
thereby reducing the risk of Alzheimer’s disease and
related dementias. The source of the benefits is likely a
combination of all of these factors, and future studies
should attempt to parse out how much each of these modi-
fiable factors is contributing to cognitive benefits.

While our study is based on a prospective cohort design,
a reasonably large national sample, and a 9-year lag
between cognitive data collections, it is not without limita-
tions. Firstly, as is typical in large-scale, longitudinal field
studies, MIDUS measures of diet were based on self-
reported intakes using a food-frequency questionnaire.62

While food frequency questionnaires measure habitual

Table 2. Proportions of participants meeting Western

Mediterranean diet guidelines (N= 1053).

Food item Percentage Frequency

Milk 70.1% 738

Yogurt 46.0% 484

Cheese 67.1% 707

Sugar-sweetened Beverages 67.3% 709

Whole Grains 23.9% 252

Fruits and Vegetables 20.9% 220

Fish 8.2% 86

Red, Fatty, or Processed Meats 90.9% 957

Lean Meat 95.0% 1000

Non-Meat Protein 56.5% 595

Fast Food 51.4% 541
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Table 3. Main effect model regression coefficients for 9-year regressed changes in episodic memory (n= 833).

Model 1a Model 1b Model 1c

β b (SE) β b (SE) β b (SE)

Baseline EM 0.52** 0.60 (0.03) 0.39** 0.45 (0.04) 0.39** 0.45 (0.04)

Baseline wMD 0.08* 0.04 (0.02) 0.07* 0.04 (0.02) 0.06* 0.04 (0.02)

Age −0.22** −0.02 (<0.01) −0.21** −0.02 (<0.01)

Sex (Female) 0.18** 0.35 (0.06) 0.19** 0.37 (0.06)

Race (Minority) −0.01 −0.05 (0.12) −0.02 −0.06 (0.12)

SES 0.10** 0.14 (0.04) 0.08** 0.12 (0.04)

Baseline (w2) IADL Limitations −0.06* −0.08 (0.04)

Models were built using a step-wise approach with an unadjusted model that predicted the outcome (EM) from only the Mediterranean diet. Each

subsequent model was adjusted for potential covariates and confounders, including demographics and other health limitations. EM: episodic memory;

wMD: Western Mediterranean diet; SES: socioeconomic status; IADL: Instrumental activities of daily living. β coefficients are standardized. b coefficients
are unstandardized. *indicates the effect size is significant at p < 0.05; **indicates significance at p < 0.01.

Table 4. Main effect model regression coefficients for 9-year regressed changes in executive functioning (N= 796).

Model 1a Model 1 b Model 1c

Β b (SE) β b (SE) β b (SE)

Baseline EF 0.78** 1.16 (0.03) 0.68** 1.01 (0.04) 0.65** 0.75 (0.03)

Baseline wMD −0.03 −0.02 (0.01) 0.01 0.01 (0.01) 0.00 0.00 (0.01)

Age −0.22** −0.02 (0.00) −0.21** −0.01 (0.00)

Sex (Female) −0.05* −0.09 (0.04) −0.05* −0.07 (0.03)

Race (Minority) −0.01 −0.04 (0.08) −0.02 −0.06 (0.06)

SES 0.06* 0.08 (0.03) 0.04* 0.04 (0.02)

Baseline (w2) IADL Limitations −0.06* −0.05 (0.02)

Models were built using a step-wise approach with an unadjusted model that predicted the outcome (EF) from only the Mediterranean diet. Each

subsequent model was adjusted for potential covariates and confounders, including demographics and other health limitations. EF: executive function;

wMD: Western Mediterranean diet; SES: socioeconomic status; IADL: Instrumental activities of daily living. β coefficients are standardized. b coefficients
are unstandardized. *indicates the effect size is significant at p < 0.05; **indicates significance at p < 0.01.

Figure 1. Western Mediterranean diet predicts 9-year declines in episodic memory (N= 833)†.
†Low Western Mediterranean Diet Score is 1 standard deviation below the mean score; Average is the mean score, and high is 1

standard deviation above the mean score.
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intake, it is possible that individuals’ diets changed over the
course of the study. Furthermore, people tend to underesti-
mate their portion sizes and energy intake, so it is possible
that the portion sizes indicated by the food frequency ques-
tionnaire are lower than what was actually consumed.63

Future research is needed using behaviorally assessed
diet. While we controlled for age, sex, race, and socio-
economic status, it is possible that another, unmeasured
variable impacted the results, including differences
between those who did not participate in either the bio-
marker project or wave 3 of MIDUS. It is possible that sur-
vival bias or other factors may have influenced our results,
as participants were lost to follow-up between waves.
Further research is also needed in racially and socio-
economically diverse populations whose culinary methods
and dietary habits may impact their adherence to the
wMD. Beyond differences of culture, differences in
genetic makeup may contribute to different nutrient utiliza-
tion, which could result in some populations experiencing
different or even no benefits from the wMD.

Our study is among the first to examine a Western adap-
tation of the MD that may be beneficial for adults in the U.S.
Specifically, this study examined the role of the 2020–2025
Dietary Guidelines for Americans’ and the UK’s Cardiac
Rehabilitation Mediterranean Diet Score Tool’s recom-
mended levels of whole grains (≥3 servings per day), vege-
tables (>3 servings per day), fruits (>2 servings per day),
and lean protein foods, with the addition of dairy intake,
including milk, yogurt, and cheese (>0 to ≤3 servings per
day= 1 point each). Practically, this wMD may reflect a
valuable clinical tool for community health workers and
physicians who provide frontline recommendations and
advice to the population at large and particularly to those
at risk of adverse health events related to poor diet and exer-
cise. The finding that the wMD provides protective benefits
for episodic memory across sociodemographic subpopula-
tions highlights the value of dietary recommendations con-
sidering health benefits not only for avoiding chronic
diseases of metabolism, but also for slowing cognitive
decline.

The present findings identify the benefits of following a
Western version of the MD, which can be achieved without
assessing intake of olive oil. Making small-scale changes in
dietary habits can result in small, but clinically meaningful
improvements in health and slowed cognitive decline over
time.64 Focusing on minor changes such as increasing fruit
and vegetable consumption or reducing sugar-sweetened bev-
erage intake even by small amountsmay help patients tomain-
tain health behaviors over longer periods of time than more
drastic changes, thus resulting in better long-term health. As
evidenced by our study, a single standard deviation’s increase
in wMD adherence resulted in a 2/3 slower decline in episodic
memory than an average consumer of the wMD.

This study is strengthened by several factors that include
an adult lifespan sample, extended follow-up period, and

autoregressive analytic approach that controlled for preex-
isting differences in cognitive functioning. However, it is
limited by its observational nature and the use of a semi-
quantitative food frequency questionnaire for dietary
intake assessment. Even so, longitudinal cohort studies
are observational by design, and food frequency question-
naires have been shown to produce a reasonable estimate
of typical dietary intake within these epidemiological
studies.65,66 Another possible confounder is the collection
of dietary intake data in any form, as participants may
report intakes reflecting what they view as being healthy
or desirable. The tool used for this particular wMD has
not previously been employed, though it was loosely
based on an adaptation of the PREDIMED study used by
the UK’s Cardiac Rehabilitation programs and the United
States Dietary Guidelines for Americans recommenda-
tions.18,21,38 Further, it was moderately correlated with the
MIDUS Healthy Eating Index, suggesting a reasonable
degree of confidence in our findings.67 It should,
however, be noted that the wMD differs significantly
from previous versions of the MD or MIND diet, and uti-
lized a different measurement strategy based on available
data.

This study extends the literature by proposing a simple
and feasible alternative to the MD that is based on the
United States Dietary Guidelines for Americans. It provides
initial evidence that the relationship between MD and cog-
nitive function over an extended period is not moderated by
sociodemographic differences in this sample. This suggests
that the wMD may be beneficial for all adults, regardless of
sociodemographic characteristics.

Conclusions and implications
The MD continues to show promise as a possible means for
slowing cognitive decline in the aging process. These find-
ings provide evidence that the wMD benefits cognitive
aging across subpopulations of American adults as all
demographic groups showed similar benefit. This novel
finding suggests that small-scale dietary differences in indi-
viduals are associated with improved cognitive trajectories
regardless of race, sex, or age with a 1 standard deviation
increase in wMD being associated with a 2/3 slower epi-
sodic memory decline than average consumers. Future
studies should examine how changes in wMD adherence
may precede changes in cognitive function to help deter-
mine directionality and better clarify the strength of this
relationship in various populations within the United
States and globally. Clinicians should encourage their
patients to adhere to a MD or other healthful eating
pattern when possible, with special emphasis on consuming
more fruits, vegetables, nonmeat protein sources, and fish,
and fewer sugar-sweetened beverages and less fast food
as these habits have consistently shown beneficial relation-
ships with overall and cognitive health.

Parker et al. 949



ORCID iDs
Kelly RB Parker https://orcid.org/0000-0002-9233-2541
Ryan McGrath https://orcid.org/0000-0002-0644-5524
Yeong Rhee https://orcid.org/0000-0002-6075-5996
Jeremy Hamm https://orcid.org/0000-0002-1672-0868

Statements and declarations

Author contributions
Kelly Parker (Conceptualization; Formal analysis; Writing – ori-
ginal draft; Writing – review & editing); Ryan McGrath
(Writing – review & editing); Yeong Rhee (Writing – review &
editing); Jeremy Hamm (Formal analysis; Funding acquisition;
Writing – review & editing).

Funding
The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article:
Authors’ salaries JH (partial) and KP (full) are funded by the
Department of Health and Human Services, National Institutes
of Health, National Institute on Aging Grant 1R01AG075117.
Publicly available data from the MIDUS study was used for this
research. Since 1995, the MIDUS study has been funded by the
following: John D. and Catherine T. MacArthur Foundation
Research Network; National Institute on Aging (P01-AG020166);
National Institute on Aging (U19-AG051426).
Biomarker data collection was further supported by the NIH
Center for Advancing Translational Sciences (NCATS) Clinical
and Translational Science Award (CTSA) program as follows:
UL1TR001409 (Georgetown); UL1TR001881 (UCLA);
UL1RR025011 (UW).

Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Data availability
The data used in this study is publicly available on the MIDUS
Colectica website (midus.colectica.org).

Supplemental material
Supplemental material for this article is available online.

References
1. National Institutes of Aging. What is dementia? Symptoms,

types, and diagnosis, https://www.nia.nih.gov/health/alzhei
mers-and-dementia/what-dementia-symptoms-types-and-diag
nosis#:∼:text=Dementia%20affects%20millions%20of%
20people,without%20any%20signs%20of%20dementia (2022,
accessed 29 July 2024).

2. Kramarow E. Diagnosed dementia in adults age 65 and
older: United States, 2022. 203, chrome-extension://
efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/
data/nhsr/nhsr203.pdf (13 June 2024).

3. Willett W, Sacks F, Trichopoulou A, et al. Mediterranean diet
pyramid: a cultural model for healthy eating. Am J Clin Nutr
1995; 61: 1402S–1406S.

4. Fu J, Tan L-J, Lee JE, et al. Association between the
Mediterranean diet and cognitive health among healthy
adults: a systematic review and meta-analysis. Front Nutr
2022; 9: 946361.

5. Lourida I, Soni M, Thompson-Coon J, et al. Mediterranean
diet, cognitive function, and dementia: a systematic review.
Epidemiology 2013; 24: 479–489.

6. Petersson SD and Philippou E. Mediterranean diet, cognitive
function, and dementia: a systematic review of the evidence.
Adv Nutr 2016; 7: 889–904.

7. Scarmeas N, Stern Y, Mayeux R, et al. Mediterranean diet
and mild cognitive impairment. Arch Neurol 2009; 66:
216–225.

8. Tangney CC, Kwasny MJ, Li H, et al. Adherence to a
Mediterranean-type dietary pattern and cognitive decline in
a community population. Am J Clin Nutr 2011; 93: 601–607.

9. Tangney CC, Li H, Wang Y, et al. Relation of DASH- and
Mediterranean-like dietary patterns to cognitive decline in
older persons. Neurology 2014; 83: 1410–1416.

10. Trichopoulou A, Kyrozis A, Rossi M, et al. Mediterranean
diet and cognitive decline over time in an elderly
Mediterranean population. Eur J Nutr 2015; 54: 1311–1321.

11. Ballarini T, Melo Van Lent D, Brunner J, et al. Mediterranean
diet, Alzheimer disease biomarkers, and brain atrophy in old
age. Neurology 2022; 98: 89–90.

12. Berendsen AM, Kang JH, Feskens EJM, et al. Association of
long-term adherence to the mind diet with cognitive function
and cognitive decline in American women. J Nutr Health
Aging 2018; 22: 222–229.

13. Agarwal P, Leurgans SE, Agrawal S, et al. Association of
Mediterranean-DASH intervention for neurodegenerative
delay and Mediterranean diets with Alzheimer disease path-
ology. Neurology 2023; 100: e2259–e2268.

14. Charisis S, Ntanasi E, Yannakoulia M, et al. Mediterranean
diet and risk for dementia and cognitive decline in a
Mediterranean population. J Am Geriatr Soc 2021; 69:
1548–1559.

15. Hosking DE, Eramudugolla R, Cherbuin N, et al. MIND not
Mediterranean diet related to 12-year incidence of cognitive
impairment in an Australian longitudinal cohort study.
Alzheimers Dement 2019; 15: 581–589.

16. Morris MC, Tangney CC, Wang Y, et al. MIND diet asso-
ciated with reduced incidence of Alzheimer’s disease.
Alzheimers Dement 2015; 11: 1007–1014.

17. Gardener SL, Rainey-Smith SR, Barnes MB, et al. Dietary
patterns and cognitive decline in an Australian study of
ageing. Mol Psychiatry 2015; 20: 860–866.

18. U.S. Department of Agriculture, U.S. Department of Health
and Human Services. Dietary guidelines for Americans,
2020–2025. 9th Edition. Government Report, United States
Department of Agriculture, DietaryGuidelines.gov (December
2020, accessed 21 December 2023).

950 Journal of Alzheimer’s Disease 104(3)

https://orcid.org/0000-0002-9233-2541
https://orcid.org/0000-0002-9233-2541
https://orcid.org/0000-0002-0644-5524
https://orcid.org/0000-0002-0644-5524
https://orcid.org/0000-0002-6075-5996
https://orcid.org/0000-0002-6075-5996
https://orcid.org/0000-0002-1672-0868
https://orcid.org/0000-0002-1672-0868
https://www.nia.nih.gov/health/alzheimers-and-dementia/what-dementia-symptoms-types-and-diagnosis#:~:text=Dementia%20affects%20millions%20of%20people,without%20any%20signs%20of%20dementia
https://www.nia.nih.gov/health/alzheimers-and-dementia/what-dementia-symptoms-types-and-diagnosis#:~:text=Dementia%20affects%20millions%20of%20people,without%20any%20signs%20of%20dementia
https://www.nia.nih.gov/health/alzheimers-and-dementia/what-dementia-symptoms-types-and-diagnosis#:~:text=Dementia%20affects%20millions%20of%20people,without%20any%20signs%20of%20dementia
https://www.nia.nih.gov/health/alzheimers-and-dementia/what-dementia-symptoms-types-and-diagnosis#:~:text=Dementia%20affects%20millions%20of%20people,without%20any%20signs%20of%20dementia
https://www.nia.nih.gov/health/alzheimers-and-dementia/what-dementia-symptoms-types-and-diagnosis#:~:text=Dementia%20affects%20millions%20of%20people,without%20any%20signs%20of%20dementia
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/nhsr/nhsr203.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/nhsr/nhsr203.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/nhsr/nhsr203.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/nhsr/nhsr203.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/nhsr/nhsr203.pdf


19. Lazicki P and Geisseler D. Olive production in California,
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://
apps1.cdfa.ca.gov/FertilizerResearch/docs/Olive_Production_
CA.pdf (2016).

20. Hughes ML, Agrigoroaei S, Jeon M, et al. Change in cogni-
tive performance from midlife into old age: findings from
the midlife in the United States (MIDUS) Study. J Int
Neuropsychol Soc 2018; 24: 805–820.

21. Estruch R, Ros E, Salas-Salvadó J, et al. Primary prevention
of cardiovascular disease with a Mediterranean diet supple-
mented with extra-virgin olive oil or nuts. N Engl J Med
2018; 378: e34.

22. Mattei J, Bigornia SJ, Sotos-Prieto M, et al. The
Mediterranean diet and 2-year change in cognitive function
by status of type 2 diabetes and glycemic control. Diabetes
Care 2019; 42: 1372–1379.

23. Crichton GE, Elias MF, Dore GA, et al. Relation between
dairy food intake and cognitive function: the Maine-
Syracuse Longitudinal Study. Int Dairy J 2012; 22: 15–23.

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

25. Frank SM, Taillie LS and Jaacks LM. How Americans eat
red and processed meat: an analysis of the contribution of
thirteen different food groups. Public Health Nutr 2022;
25: 1406–1415.

26. Pearson KE, Wadley VG, McClure LA, et al. Dietary patterns
are associated with cognitive function in the REasons for geo-
graphic and racial differences in stroke (REGARDS) cohort.
J Nutr Sci 2016; 5: e38.

27. Morris MC, Evans DA, Tangney CC, et al. Associations of
vegetable and fruit consumption with age-related cognitive
change. Neurology 2006; 67: 1370–1376.

28. Bhushan A, Fondell E, Ascherio A, et al. Adherence to
Mediterranean diet and subjective cognitive function in
men. Eur J Epidemiol 2018; 33: 223–234.

29. Coelho-Júnior HJ, Trichopoulou A and Panza F.
Cross-sectional and longitudinal associations between adher-
ence to Mediterranean diet with physical performance and
cognitive function in older adults: a systematic review and
meta-analysis. Ageing Res Rev 2021; 70: 101395.

30. Corley J and Deary IJ. Dietary patterns and trajectories of
global- and domain-specific cognitive decline in the
Lothian Birth Cohort 1936. Br J Nutr 2021; 126: 1237–1246.

31. Radler BT. The Midlife in the United States (MIDUS) series:
a national longitudinal study of health and well-being. Open
Health Data 2014; 2: e3.

32. Lachman ME, Agrigoroaei S, Tun PA, et al. Monitoring cog-
nitive functioning: psychometric properties of the brief test of
adult cognition by telephone. Assessment 2014; 21: 404–417.

33. Ryff CD, Seeman T and Weinstein M. Midlife in the
United States (MIDUS 2): Biomarker Project, 2004–2009.
Inter-university Consortium for Political and Social
Research [distributor], 2022-12-14. https://doi.org/10.3886/
ICPSR29282.v10

34. Ryff C, Almeida D, Ayanian J, et al. Midlife in the United
States (MIDUS 3), 2013–2014. Inter-university Consortium
for Political and Social Research [distributor], 2019-04-30.
https://doi.org/10.3886/ICPSR36346.v7

35. Ryff CD and Lachman ME. Midlife in the United States
(MIDUS 2): Cognitive Project, 2004–2006. Inter-university
Consortium for Political and Social Research [distributor],
2023-02-21. https://doi.org/10.3886/ICPSR25281.v7

36. Brimm O, Ryff CD and Kessler RC. How healthy are we? A
national study of well-being at midlife. Prev Chronic Dis
2004; 1: A12.

37. Midlife in the United States (MIDUS) Study. http://dx.doi.
org/10.3886/ICPSR29282

38. Mediterranean Diet Score Tool, https://www.cardiacreha
bilitation.org.uk/site/downloads.htm (2013, accessed 21
December 2023).

39. Correia L. Primary prevention of cardiovascular disease with
a Mediterranean diet supplemented with extra-virgin olive oil
or nuts. N Engl J Med 2018; 379: 1387–1389.

40. Martínez-González MA, García-Arellano A, Toledo E, et al.
A 14-item Mediterranean diet assessment tool and obesity
indexes among high-risk subjects: the PREDIMED trial.
PLoS One 2012; 7: e43134.

41. Fryar C, Hughes J, Herrick K, et al. Fast food consumption
among adults in the United States, 2013–2016. NCHS Data
Brief 322, Hyattsville, MD: National Center for Health
Statistics, chrome-extension://efaidnbmnnnibpcajpcglclefind
mkaj/https://www.cdc.gov/nchs/data/databriefs/db322-h.pdf
(2018).

42. Rodgers E. 75+ fast food consumption statistics. Drive
Research, https://www.driveresearch.com/market-research-
company-blog/fast-food-consumption-statistics/#:∼:text=
2%20in%203%20people%20consume,thrus%20to%20pur
chase%20fast%20food (19 September 2023, accessed 21
December 2023).

43. Levine CS, Miyamoto Y, Markus HR, et al. Culture and
healthy eating: the role of independence and interdependence
in the United States and Japan. Pers Soc Psychol Bull 2016;
42: 1335–1348.

44. Lachman ME and Tun PA. Cognitive testing in large-scale
surveys: assessment by telephone. In: Hofer SM and DF A
(eds) Handbook of cognitive aging: interdisciplinary per-
spectives. Thousand Oaks, CA: Sage Publications, Inc.,
2008, pp.506–523.

45. Tun PA and Lachman ME. Age differences in reaction time
and attention in a national telephone sample of adults: educa-
tion, sex, and task complexity matter. Dev Psychol 2008; 44:
1421–1429.

46. Hamm JM, Parker K, Lachman ME, et al. Increased fre-
quency of light physical activity during midlife and old age
buffers against cognitive declines. J Behav Med 2024; 47:
622–634.

47. Tun PA and Lachman ME. Telephone assessment of cogni-
tive function in adulthood: the brief test of adult cognition
by telephone. Age Ageing 2006; 35: 629–632.

Parker et al. 951

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://apps1.cdfa.ca.gov/FertilizerResearch/docs/Olive_Production_CA.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://apps1.cdfa.ca.gov/FertilizerResearch/docs/Olive_Production_CA.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://apps1.cdfa.ca.gov/FertilizerResearch/docs/Olive_Production_CA.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://apps1.cdfa.ca.gov/FertilizerResearch/docs/Olive_Production_CA.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://apps1.cdfa.ca.gov/FertilizerResearch/docs/Olive_Production_CA.pdf
http://dx.doi.org/https://doi.org/10.3886/ICPSR29282.v10
http://dx.doi.org/https://doi.org/10.3886/ICPSR29282.v10
http://dx.doi.org/https://doi.org/10.3886/ICPSR29282.v10
https://doi.org/10.3886/ICPSR36346.v7
https://doi.org/10.3886/ICPSR36346.v7
https://doi.org/10.3886/ICPSR25281.v7
https://doi.org/10.3886/ICPSR25281.v7
http://dx.doi.org/10.3886/ICPSR29282
http://dx.doi.org/10.3886/ICPSR29282
http://dx.doi.org/10.3886/ICPSR29282
https://www.cardiacrehabilitation.org.uk/site/downloads.htm
https://www.cardiacrehabilitation.org.uk/site/downloads.htm
https://www.cardiacrehabilitation.org.uk/site/downloads.htm
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/databriefs/db322-h.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/databriefs/db322-h.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/databriefs/db322-h.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cdc.gov/nchs/data/databriefs/db322-h.pdf
https://www.driveresearch.com/market-research-company-blog/fast-food-consumption-statistics/#:~:text=2%20in%203%20people%20consume,thrus%20to%20purchase%20fast%20food
https://www.driveresearch.com/market-research-company-blog/fast-food-consumption-statistics/#:~:text=2%20in%203%20people%20consume,thrus%20to%20purchase%20fast%20food
https://www.driveresearch.com/market-research-company-blog/fast-food-consumption-statistics/#:~:text=2%20in%203%20people%20consume,thrus%20to%20purchase%20fast%20food
https://www.driveresearch.com/market-research-company-blog/fast-food-consumption-statistics/#:~:text=2%20in%203%20people%20consume,thrus%20to%20purchase%20fast%20food
https://www.driveresearch.com/market-research-company-blog/fast-food-consumption-statistics/#:~:text=2%20in%203%20people%20consume,thrus%20to%20purchase%20fast%20food


48. Hamm JM, Heckhausen J, Shane J, et al. Risk of cognitive
declines with retirement: who declines and why? Psychol
Aging 2020; 35: 449–457.

49. Parker K, McGrath R, Rhee Y, et al. Mediterranean Diet
adherence prospectively predicts nine-year changes in epi-
sodic memory. Innov Aging 2023; 7: 968–968.

50. Dixon RA and Lachman ME. Risk and protective factors in
cognitive aging: advances in assessment, prevention, and
promotion of alternative pathways. In: Samanez-Larkin GR
(eds) The aging brain: functional adaptation across adult-
hood. Washington: American Psychological Association,
2019, pp.217–263.

51. Lachman ME, Agrigoroaei S, Murphy C, et al. Frequent cog-
nitive activity compensates for education differences in epi-
sodic memory. Am J Geriatr Psychiatry 2010; 18: 4–10.

52. Parker K and Rhee Y. Alzheimer’s disease warning signs:
gender and education influence modifiable risk factors—A
pilot survey study. J Am Coll Nutr 2021; 40: 583–588.

53. Hamm JM, Shane J, Pierce MJ, et al. Individual differences in
patterns of developmental opportunity and constraint during
COVID-19: implications for longitudinal well-being. Soc
Personal Psychol Compass 2023; 17: e12788.

54. Cohen J, Cohen P, West S, et al. Applied multiple regression/
correlation analysis for the behavioral sciences. 3rd ed.
New York: Routledge, 2013.

55. IBM Corp. IBM SPSS Statistics for Windows.
56. Castanho TC, Amorim L, Zihl J, et al. Telephone-based

screening tools for mild cognitive impairment and dementia
in aging studies: a review of validated instruments. Front
Aging Neurosci 2014; 6: 16.

57. Wade AT, Elias MF and Murphy KJ. Adherence to a
Mediterranean diet is associated with cognitive function in
an older non-Mediterranean sample: findings from the

Maine-Syracuse longitudinal study. Nutr Neurosci 2021;
24: 542–553.

58. Morris MC, Tangney CC, Wang Y, et al. MIND Diet slows
cognitive decline with aging. Alzheimers Dement 2015; 11:
1015–1022.

59. Samieri C, Grodstein F, Rosner BA, et al. Mediterranean diet
and cognitive function in older age. Epidemiology 2013; 24:
490–499.

60. Samieri C, Okereke OI, Devore EE, et al. Long-term adher-
ence to the Mediterranean diet is associated with overall cog-
nitive status, but not cognitive decline, in women. J Nutr
2013; 143: 493–499.

61. Valls-Pedret C, Sala-Vila A, Serra-Mir M, et al.
Mediterranean diet and age-related cognitive decline: a ran-
domized clinical trial. JAMA Intern Med 2015; 175: 1094.

62. Morris MC. Validity and reproducibility of a food frequency
questionnaire by cognition in an older biracial sample. Am J
Epidemiol 2003; 158: 1213–1217.

63. Schoeller D. Limitations in the assessment of dietary energy
intake by self-report. Metabolism 1995; 44: 18–22.

64. Stylianou KS, Fulgoni VL and Jolliet O. Small targeted
dietary changes can yield substantial gains for human
health and the environment. Nat Food 2021; 2: 616–627.

65. Cui Q, Xia Y, Wu Q, et al. Validity of the food frequency
questionnaire for adults in nutritional epidemiological
studies: a systematic review and meta-analysis. Crit Rev
Food Sci Nutr 2023; 63: 1670–1688.

66. Willett W. Nutritional epidemiology. 3rd ed. New York:
Oxford University Press, 2012.

67. Berkowitz L, Mateo C, Salazar C, et al. Healthy eating as poten-
tial mediator of inverse association between purpose in life and
waist circumference: emerging evidence from US and Chilean
cohorts. Int J Environ Res Public Health 2023; 20: 7099.

952 Journal of Alzheimer’s Disease 104(3)


	 Introduction
	 Methods
	 Participants
	 Western Mediterranean (wMD) diet score calculation
	 Cognitive functioning
	 Sociodemographic covariates and moderators
	 Statistical analyses

	 Results
	 Discussion
	 Conclusions and implications

	 Statements and declarations
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


