1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

&

WEALTH 4
of P
e

/ HHS Public Access

Author manuscript

ﬁ J Alzheimers Dis. Author manuscript; available in PMC 2019 January 01.

Published in final edited form as:
J Alzheimers Dis. 2018 ; 64(1): 281-290. doi:10.3233/JAD-171121.

Mediterranean diet, its components and amyloid imaging
biomarkers

Maria Vassilaki, MD, MPH, PhD?, Jeremiah A. Aakre, MPH?, Jeremy A. Syrjanen, MS2,
Michelle M. Mielke, PhD2b, Yonas E. Geda, MD, MSc&¢, Walter K. Kremers, PhD2, Mary M.
Machulda, PhDY, Rabe E. Alhurani, MBBs, MSP, Sara C. Staubo?€, David S. Knopman, MDP,
Ronald C. Petersen, MD, PhD2P, val J. Lowe, MD, Clifford R. Jack Jr, MDf, and Rosebud O.
Roberts, MB ChB, MS&b

aDepartment of Health Sciences Research, Rochester, MN, USA
bDepartment of Neurology, Rochester, MN, USA

¢Department of Psychiatry and Psychology and Department of Neurology, Mayo Clinic,
Scottsdale, Arizona

dDepartment of Psychiatry and Psychology, Mayo Clinic, Rochester, Minnesota
eCharles University in Prague, Faculty in Hradec Kralove, Hradec Kralove, Czech Republic

fDepartment of Radiology, Mayo Clinic, Rochester, Minnesota

Abstract

Background—There is accumulating evidence suggesting that diet may play a role in preventing
or delaying cognitive decline and dementia, but the underlying biological mechanisms are not well
understood.
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Objective—To examine the cross-sectional associations of the Mediterranean diet (MeDi) and its
components with 11C-PiB-PET scan measures of amyloid-p (Ap) deposition.

Methods—The study consisted of 278 Mayo Clinic Study of Aging participants 70+ years old,
who were cognitively unimpaired (CU) at the time of completion of the Food Frequency
Questionnaire (FFQ) and when they underwent PET imaging. Adherence to the MeDi was
assessed by computing the MeDi score for each participant. All scans were performed after the
FFQ completion; median [IQR] time between FFQ and AR PET was 3.5 (1.4) years. Z-scores were
created for component, macro- and micronutrients measured. Linear and logistic regression
models were adjusted for age, sex, education, apolipoprotein E (APOE) e4 allele carrier status,
time interval between the FFQ completion and PET scan, and total energy intake.

Results—Participants’ median age at FFQ was 77.7 years (55.8% men; 26.6% with an APOE 4
allele). Higher MeDi score (linear regression slope (beta):—0.035, p=0.012; per standard deviation
increase), vegetable intake (beta: —0.043, p=0.002), intake of vitamin A (beta: —0.041, p=0.003) or
[-carotene (beta: —0.039, p=0.005) from food sources and moderate alcohol consumption (beta:
-0.074, p=0.03) were associated with lower 11C-PiB standardized uptake value ratio.

Conclusions—Findings are consistent with previous studies suggesting that higher adherence to
a MeDi pattern and higher vegetable consumption are associated with better neuroimaging
biomarker profile. Prospective studies are needed to validate current findings.

Keywords
Amyloid; cross-sectional study; Mediterranean diet; vegetables

INTRODUCTION

Accumulating evidence suggests [1, 2] that diet may play a role in preventing or delaying
cognitive decline and dementia, but the underlying biological mechanisms are not well
understood. A recent systematic review found growing evidence that combinations of foods
and nutrients into certain dietary patterns may synergistically provide stronger health effects
than their separate dietary components [3]. Higher adherence to the Mediteranean Diet
(MeDi) [2, 4] has been associated with decreased cognitive decline; in addition the Dietary
Approach to Stop Hypertension (DASH) and the Mediterranean-DASH diet Intervention for
Neurodegenerative Delay (MIND) have been associated with slower rates of cognitive
decline [3].

Neuroimaging biomarkers of Alzheimer’s disease (AD) pathology could currently be used to
provide in vivo evidence to support a clinical AD dementia [1]. These brain changes can be
detected decades before cognitive decline is detected [5, 6], and modifiers of the underlying
processes could potentially increase or reduce this lag time [6]. A limited number of studies
have examined the association of diet and brain Ap burden, a hallmark of AD pathology [7-
11].

MeDi is characterized by high intake of vegetables, legumes, fruits, nuts, cereals, and
unsaturated fatty acids [mostly in the form of olive oil], moderate to high intake of fish, low
to moderate intake of dairy products, low intake of meat, and saturated fatty acids, and
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regular but moderate intake of alcohol [2, 12]. Lower adherence to MeDi was associated
with greater 11C-Pittsburgh compound B (}1C-PiB) Positron-Emission Tomography (PET)
retention in cognitively unimpaired (CU) volunteers [9] and higher adherence to a MeDi-
type diet was associated with lower 2-(1-(6-[(2-[F-18]fluoroethyl)(methyl)amino]-2-
naphthyl)ethylidene)malononitrile (FDDNP) PET scans assessing plaque/tangle binding in
volunteers with subjective memory impairment or MCI [10]. In addition, previous MRI
studies showed that a MeDi dietary pattern was associated with higher cortical thickness and
larger brain volumes [13-15].

Diet is an important modifiable lifestyle factor and there is increasing evidence of its
association with cognitive impairment and dementia. The current study examined the cross-
sectional associations of the MeDi and its components with 11C-PiB PET scan measures of
amyloid deposition.

MATERIALS AND METHODS

Study design and participants

The details of the population-based Mayo Clinic Study of Aging (MCSA) have previously
been published [16]. In brief, all residents from Olmsted County, Minn., USA, aged 70-89
years on October 1, 2004, were identified using the medical records-linkage system of the
Rochester Epidemiology Project (REP) [17]. Potential participants were selected using an
age- and sex-stratified random sampling strategy, and eligible participants (without
dementia, not in hospice or terminally ill) were recruited. Food Frequency Questionnaires
(FFQ)[18] were mailed to the first MCSA sample of the 2004 enumeration of all Olmsted
County residents (1,924 participants) beginning in 2006. A total of 1,567 (81.4%)
participants returned the FFQ, and of those 334 questionnaires were not included in further
analysis (i.e., 268 questionnaires had more than 10 missing responses, 56 reported extremely
high or low caloric intake, and 10 participants had dementia) [19]. Excluded participants
were older, had fewer years of education, and had a higher frequency of stroke, diabetes,
depressive symptoms and MCI [19]. PET imaging was offered to participants at the clinical
evaluation beginning in 2008. For the current study, we excluded 163 participants who had
MCI at the time of FFQ. Consequently, analysis included 278 (70+ years old) CU persons
with completed FFQ at time of PET scanning. 792 CU individuals with available FFQ did
not undergo PET scanning.

Standard Protocol Approvals, Registrations, and Patient Consent

The study was approved by the Institutional Review Boards of the Mayo Clinic and of
Olmsted Medical Center. Written informed consent was obtained prior to participation in the
study.

Clinical evaluation

Each participant underwent neuropsychological testing by a psychometrist and was also
evaluated by a nurse or a study coordinator, and a physician. Details of the evaluation are
presented in previous reports [16]. The nurse or study coordinator, the physician and a
neuropsychologist adjudicated the final diagnosis of mild cognitive impairment (MCI) or
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dementia by consensus decision following a review of all the data for each participant and
according to published criteria.[16, 20] A diagnosis of CU was established for subjects who
performed in the normative range and did not meet criteria for MCI [21] or dementia [22].
Depressive symptoms were assessed from the Beck Depression Inventory Il and
apolipoprotein E (APOE) e4 allele was measured from a blood draw at baseline.

Measurement of dietary food intake and MeDi adherence

A detailed description of the FFQ has been published previously [19]. In brief, a modified
Block 1995 Revision of the Health habits FFQ [18], including 128 items, was used by
participants to report dietary intakes for the last 12 months. FFQ data were analyzed by The
Food Processor SQL nutrition analysis software program (version 10.0.0; ESHA Research,
Salem, Oregon, USA) and daily intake of foods, macro- and micronutrients, total daily
caloric intake, and percentage of total caloric intake from each macronutrient (% protein, %
fat, and % carbohydrate) was computed [15, 19].

Adherence to the MeDi was assessed by computing the MeDi score [12, 19, 23]. Energy-
adjusted nutrient intakes were computed from the residual of each nutrient regressed on total
caloric intake (kcal) [15, 24]. Using a sex-specific median cutoff, a value of 0 was assigned
for consumption below and 1 for values at or above the median for beneficial foods
(vegetables, legumes, fruit, cereal/grains, and fish). A value of 1 was assigned for
consumption below, and 0 for consumption above the median for foods considered
unfavorable in excess (meat and dairy products). The ratio of MUFA to saturated fats (SFA)
estimated fat intake; a value of 1 was assigned for a ratio at or above the median and 0
otherwise. Alcohol intake was assigned a score of 1 for intake of 5 to <25 g/d for women
and 10 to <50 g/d for men, and O otherwise. The total MeDi score, that is the sum of the
individual scores, ranged from 0 to 9 (maximum adherence).

11c-PiB PET acquisition

Details are presented in previous publications [25-27]. In brief, amyloid PET imaging was
performed using Pittsburgh Compound B [28]. A CT image was obtained for attenuation
correction. Late uptake PET images were acquired 40-60 minutes after injection. PET
images were analyzed using the in-house fully automated image processing pipeline [29],
where image voxel values are extracted from automatically labeled regions of interest (ROISs)
propagated from an MRI template. An amyloid PET standardized uptake value ratio
(SUVR) was formed from the voxel-number weighted average of the median uptake in the
parietal, temporal, anterior, prefrontal, orbitofrontal and posterior cingulate and precuneus
ROIs normalized to the cerebellar crus gray median [30]. The scans of all participants were
performed using the same device and parameters. An abnormal (elevated) 11C-PiB-PET
retention ratio was defined as SUVR >1.42 [30].

Statistical Analyses

Participant characteristics at time of FFQ completion were compared by Ap status using
two-tailed Wilcoxon rank sum tests for continuous variables and chi-square or Fisher exact
tests for categorical variables. Dietary variables were log-transformed (linolenic acid,
linoleic acid, vitamin B1, B2, B6, and folate) or square root-transformed (vegetables and
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grains/cereal) where necessary (i.e. substantially skewed), and standardized by the mean and
standard deviation to create z-scores, because of the differences in units and distributions of
the dietary variables (foods [g/d], macronutrients [g/d or %], micronutrients [mg/d or
mcg/d]) [15].

During the clinical evaluation, each participant underwent neuropsychological testing using
nine tests to assess cognitive performance in four domains: (i) memory (ii) attention /
executive function (iii) language and (iv) visuospatial skills [16, 20]. The raw scores for tests
in each domain were centered and scaled to create domain-specific cognitive z-scores. A
global z-score for overall performance was also created by averaging and scaling the four
domain z-scores.

Logistic regression (for dichotomous abnormal amyloid outcome) and linear regression (for
continuous SUVR outcome; average of right and left ROIs) models were fit to determine
associations between dietary measures and AP. These models were adjusted for age, sex,
education, APOE &4 allele status, time interval between the FFQ completion and PET scan,
and total energy intake (model type 1). We built separate models (model type 2) which in
addition to the variables in model type 1, adjusted also for body mass index, cardiovascular
diseases (CVD; e.g., diabetes, hypertension, coronary heart disease, peripheral vascular
disease, congestive heart failure, atrial fibrillation, dyslipidemia, stroke) and depressive
symptoms. We recognize that including these variables (i.e. CVD) that might be in the
causal pathway between diet and AD biomarkers of brain pathology in the models could
result in overadjustment.

Our primary analysis was to examine the association of the MeDi score with the amyloid
PET measures. In case of significance of the MeDi score we next considered without
adjustment for multiple comparisons, analyses examining the associations between daily
intake of foods and amyloid PET measures, and then associations between macro- and
micronutrients, and percentage of total caloric intake from each macronutrient and amyloid
PET measures (i.e., % carbohydrates and % sugar, % protein, % total fat, linolenic acid,
linoleic acid, monounsaturated-saturated fatty acids ratio, vitamins A, B1, B2, B6, B12, C,
E, B-carotene and folate from food sources), to understand which component could be
responsible for this association. For further consideration we calculated p-values adjusting
for multiple comparisons using the Holm method and calculated p-values in each step using
permutations. Associations were considered significant at a two-tailed p value < 0.05.
Analyses were performed using SAS statistical software version 9.4 (SAS Institute, Cary,
North Carolina) and Stata/SE statistical software version 15.1 (StataCorp LP, College
Station, Texas).

Population characteristics

There were 278 participants (median age (IQR): 77.7 (7.9); 55.8% men) with available FFQ
and 11C-PiB PET scan data (Table 1). Participants with abnormal 11C-PiB PET were older
(p=0.02), had a significantly higher frequency of APOE 4 genotype (p<0.001), lower
global z-score (p=0.06) and lower daily alcohol consumption (p=0.08). Compared with CU
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individuals who did not undergo PET scanning (N=792), CU individuals with PET (N=278)
were younger (p<0.001), had higher education (p=0.007), were less likely to have
hypertension (p=0.013), stroke (p=0.004), atrial fibrillation (p=0.005), congestive heart
failure (p<0.001), and be current or ex-smokers (p=0.03), had a higher global cognitive score
(p<0.001), and higher fish (p=0.02) and fruit intake (p=0.02) (data not shown).

of MeDi score, its components and macro-/micronutrients with amyloid

In the tables we present analyses for associations of MeDi score, all Medi score components
and % of daily calories (carbohydrates, protein, total fat and sugar) with Ap. In addition, we
present estimates for the statistically significant associations between micronutrients and
A, which included p-carotene and vitamin A (other vitamins did not present significant
associations with AB and estimates are not presented).

Higher levels of the primary dietary measure, the MeDi score, were associated with lower
brain Ap levels (slope: —0.035, 95% confidence interval [CI] —0.063, —0.008, p=0.012, per
standard deviation (SD) increase). Regarding the individual components of the MeDi score,
vegetable consumption and moderate alcohol intake (5 to <25 g/d for women and 10 to <50
g/d for men vs. other (reference)) were associated with lower Ap levels (slope: —0.043, 95%
Cl -0.070, —-0.016, p=0.002 (per SD increase), and slope= —0.074, 95%Cl -0.141, -0.007,
p=0.03, respectively); these associations were adjusted for age at FFQ, sex, education,
APOE &4 allele status, time interval between FFQ completion and PET scan, and total
energy intake (Table 2). Participants with higher vegetable consumption had significantly
lower odds of Ap abnormality (Odds ratio (OR) 0.77; 95% confidence interval 0.60, 1.00;
p=0.051 per SD increase; Table 3).

Further estimates of association (per SD increase) were as follows: vitamin A (slope:
-0.041, 95% CI -0.068, —0.015, p=0.003) and p-carotene intake from food (slope: —0.039,
95% CI -0.066, —0.012, p=0.005) were also associated with lower A after adjusting for
potential confounders (Table 2). Findings for B-carotene and vitamin A intake from food
were consistent for both the dichotomous and continuous outcomes suggesting reduced odds
of Ap abnormality with higher intakes, however, statistical significance was not reached
(possibly due to lower statistical power resulting from the dichotomization of the AR
measure).

Adjusting for multiple comparisons among the MeDi components yielded p-values for
vegetable consumption of 0.013 and for moderate alcohol consumption of 0.19. Inspecting
the micronutrients, the adjusted p-values for vitamin A and p-carotene were 0.017 and 0.037
respectively; the other associations had larger p-values.

DISCUSSION

Our findings in this cohort of older adults suggest that cross-sectionally, higher MeDi score,
vegetable consumption and moderate alcohol intake were associated with lower Ap
accumulation (as a continuous measure). In addition, vitamin A and p-carotene intake from
food sources were associated with lower AB accumulation. Participants with higher
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vegetable consumption had significantly lower odds of Ap abnormality (dichotomous
measure), but associations with moderate alcohol intake, vitamin A and B-carotene intake
were not significant, although, their direction and magnitude is consistent with the estimates
from the continuous measures.

We acknowledge the small sample size of the study (i.e., 278 of the 1,070 CU participants
with FFQ underwent PET scanning) and that some of our findings in this cross-sectional
analysis could simply be due to chance and require further validation in longitudinal studies.
Although the findings might be of uncertain clinical significance, the agreement of current
findings with previous studies suggesting a beneficial association between adherence to a
MeDi and brain imaging biomarkers underscores the need for further exploration of these
associations [8, 9, 13-15, 19]. There is currently insufficient evidence to determine
effectiveness of dietary interventions and supporting such research is encouraged [31].

Few studies have examined the association of diet and brain A burden [7-11] and partly
agree with current findings; specifically, that a healthier diet is associated with lower AB
pathology [7-10]. Prospective studies have also suggested that higher adherence to MeDi is
associated with reduced risk of developing MCI and dementia - which is in accord with
present findings -, as well as, reduced risk of progression from MCI to AD [2, 32]. Higher
adherence to MeDi has been associated with slower cognitive decline and lower mortality in
AD dementia patients [33, 34]. In a recent systematic review [35], 50 of the 64 studies
reviewed, supported a beneficial association between diet and AD incidence, suggesting that
diet could be a modifiable risk factor for AD.

Higher adherence to a MeDi has been associated with lower levels of C-reactive protein and
interleukin. This suggests a potential mechanism whereby a healthy diet may contribute to a
healthy brain by reducing inflammation and oxidative stress [2]. As the brain has a high
metabolic activity, it is vulnerable to oxidative stress and damage to neural tissue, which is
associated also with the pathophysiology of neurodegenerative diseases [2, 36]. There is
always the possibility that dietary patterns (and nutrients)[37] act directly (e.g. participating
in defense mechanisms against aging or AD pathology) or act indirectly (e.g., having
preventive effects against cardiovascular disease that are also beneficial for
neurodegenerative diseases).

Current findings are in accord with previous MCSA findings in the participants with FFQ
data, which cross-sectionally reported that high vegetable intake and moderate alcohol
intake were associated with reduced odds of MCI [19]. In addition, previous MRI studies in
CU or non-demented participants showed that a MeDi dietary pattern was associated with
higher cortical thickness and larger brain volumes [13-15].

Studies have suggested that vegetable consumption has an inverse association with cognitive
decline [38] and consumption of green leafy vegetables may help to slow cognitive decline
with aging, plausibly due to the neuroprotective actions of micronutrients, including p-
carotene [39]. The current study adds valuable new information in an area of research (i.e.,
the association of consumption of vegetables, brain pathology, and dementia), which needs
further investigation [4].
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Studies that have examined the association of diet and brain Ap burden [7-11] did not find a
significant association between B-carotene and vitamin A with Ap burden but suggested that
Vitamin B12 and vitamin D (studied alone[7] or as a combination of nutrients) [8] and w-3
polyunsaturated fatty acids (PUFA) [7] were associated with lower A burden in AD
vulnerable regions. A recent cross-sectional study [11] found a significant association
between low/moderate protein consumption and higher brain A but our findings did not
concur.

AD neuroimaging biomarkers available in the MCSA study allowed us to observe a glimpse
of the complex associations between diet and its components and AD pathology. The brain
has a high metabolic activity and rate of nutrient turnover, with multiple nutrient-specific
systems of transportation, through the blood-brain barrier [32] and foods and nutrients act as
physiological agents in concert and not in isolation [3]. The study detected a significant
association between vitamin A and p-carotene intake from food sources with lower A
accumulation. Antioxidant nutrients (e.g., carotenoids, flavonoids, vitamin E, Vitamin C)
might be more important to the brain relative to other organs as there are fewer antioxidant
enzymes for neuronal protection.[36] Published studies present discordant results [35, 36,
40, 41], related to a protective association between high dietary intake of p-carotene, which
is a major precursor of vitamin A, and cognitive decline or dementia [35, 39]. Researchers
have suggested that p-carotene and vitamin A, which cross the blood-brain barrier, could
help the aging brain through antioxidant or Ap anti-oligomerization effects on Ap [7, 42],
affecting Ap oligomers before the development of plaques. However, supportive evidence is
still limited and additional studies are needed to evaluate the potential protective association
between antioxidants and AD and their ability to fight oxidative stress and cognitive decline,
as well [4].

The association between dementia and alcohol consumption is less clear based on previous
reports [4, 43], at least due to great variability of consumption patterns, follow-up
differences or interactions with other lifestyle factors. Fish consumption has been associated
with a lower risk of dementia and cognitive decline in several prospective studies [36]; not
all studies agree however, and type of fish or method of cooking could also influence this
association.

Diet interventions have shown that the concentrations of AD related cerebrospinal fluid
biomarkers could be altered by diet (e.g., changing the AB42 concentrations) [44], which
might suggest that diet is an environmental factor that has potential to modify AD risk. This
could be particularly important as the AD pathological cascade is triggered several years
before the clinical presentation of the disease - although it is unclear what proportion will
actually reach the symptomatic AD stage during their lifetime [45, 46] - and environmental
factors (including nutrients) may play a role in this process [37]. Research on nutritional risk
factors provides promising, but not definite findings related to nutritional patterns, macro
and micronutrients and prevention of dementia [32]. We need to acknowledge that
delineating the nature of these associations is quite complex with multiple nutrients, inter-
dependent factors and associations going in both directions (i.e. nutrient status may
contribute to AD and AD can influence nutrient status) [47]. To partly eliminate
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bidirectional associations in the current cross-sectional study, we limited our analysis to CU
participants.

The study has potential limitations. Due to its cross-sectional design, the study cannot assess
causality. Although the 12-month recall period might be considered restrictive, FFQs
reliably rank food and nutrient intake of individuals, are useful for large epidemiologic
studies [48-50], and are more reliable in assessing diet intake over longer periods, as in our
study, than short term recall.[51] As we assessed nutrition later in life, we cannot ascertain if
preclinical AD changes or other conditions contributed to the reported dietary patterns. A
subset of participants may had adopted dietary habits more recently, whereas others may
have followed such dietary patterns for a prolonged time such that analysis stratified by
duration of adherence to the reported dietary regimen would be beneficial, but it is beyond
the current study’s capabilities. However, our findings are in accordance with accumulating
research of a beneficial association between adherence to a MeDi and brain imaging
biomarkers. Participants with amyloid PET studies in general had better health and possibly
higher self-care tendencies, suggesting potential non-participation bias by individuals with
less beneficial nutrition patterns, resulting in a potential underestimation (although cannot be
certain) of the present associations. In addition, study participants were primarily of northern
European ancestry. Thus, findings may be generalizable to populations with similar
characteristics and generalizability to other settings should be performed with caution. FFQ
was not administered simultaneously with PET studies but all were administered before any
PET imaging.

The study has also important strengths. Participants were CU and unaware of their Ap
biomarker status or the study hypothesis, thus minimizing the potential for recall bias.
Evaluation of their clinical diagnosis (i.e., CU, MCI or dementia) was rigorously done by 3
independent evaluators who were blind to previous diagnoses, and state of the art PET
imaging was used. When we adjusted for multiple comparisons the associations of vegetable
consumption, vitamin A and p-carotene intake from food sources with amyloid PET
standardized uptake value ratio remained statistically significant. The study was able to
evaluate the association of MeDi adherence but also several food groups and dietary
measures with measures of Ap burden, providing valuable information for hypotheses
generation and future longitudinal research. Prospective studies are needed to validate
current findings.
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Characteristics of participants at time of the food frequency questionnaire (FFQ) by abnormal amyloid.

Table 1

Total Abnormal 1C-PIB PET *

Characteristics $ 1
No Yes

N=278 N =129 N =149 p
Age (years) at FFQ 77.7(1.9) 76.8 (7.9) 77.9(7.3) 0.02
Men, n (%) 155 (55.8) 76 (58.9) 79 (53.0) 0.32
Education (years) 14.0 (4.0) 14.0 (5.0) 14.0 (4.0) 0.96
APOE £24/34/e44, n (%) 74 (26.6) 20 (15.5) 54(36.2)  <0.001
BMI (Kg/m?) 27.3(5.8) 26.4 (6.1) 28.1(5.7) 0.36
Diabetes, n (%) 46 (16.5) 17 (13.2) 29 (19.5) 0.16
Hypertension, n (%) 205 (73.7) 92 (71.3) 113 (75.8) 0.39
Dyslipidemia, n (%) 232 (83.5) 105 (81.4) 127 (85.2) 0.39
Stroke, n (%) 6(2.2) 4(3.1) 2(1.3) 0.31
Congestive heart failure, n (%) 11 (4.0) 4(3.1) 7(4.7) 0.50
Coronary artery disease, n (%) 110 (39.6) 49 (38.0) 61 (40.1) 0.62
Smoking, former/current, n (%) 119 (42.8) 56 (43.4) 63 (42.3) 0.85
Depressive symptoms, n (%) 7 9(3.2) 5(3.9) 427 058
Global z score # 0.8(1.2) 09(1.2) 0.6 (L.1) 0.06
FFQ to PET(years)” 35(L4) 3.4 (13) 35(L5) 0.97
MeDi and its components
MeDi score 4.0 (2) 5.0 (3.0) 4.0 (2.0) 0.18
Vegetables (without legumes)(g/d)  162.5 (164)  172.5(145.7) 134.8 (164.9) 0.11
Legumes (g/d) 47.0 (58.5) 50.5 (53.5) 44.4 (59.3) 0.45
Fish (g/d) 15.5 (18.2) 15.3 (18.1) 16.7 (18.2) 0.97
Grains/cereal (g/d) 180.0 (127.0) 197.8(132.1) 169.3(124.3)  0.13
Fruit (no juice) (g/d) 218.4(197.6) 2055 (204.0) 223.0(184.6) 0.38
Red meat (g/d) 108.2 (101.8)  109.7 (81.1)  105.2(118.2)  0.91
Dairy (g/d) 345.9(383.9) 366.5(320.7) 339.5(480.7)  0.63
Alcohol (g/d) 0.8 (6.4) 0.9 (8.3) 0.4 (4.9) 0.08
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Abbreviations: 11c-pIB, 11C—Pittsburgh compound B; PET, positron emission tomography; APOE, Apolipoprotein E; BMI, body mass index;
BDI, Beck Depression Inventory; MeDi, Mediterranean diet; FFQ, food frequency questionnaire. Data are based on participants with non-missing

data only. P-values are based on the chi-square test for categorical variables and Wilcoxon rank sum test for continuous variables.

*
Abnormal amyloid 11c-pIB PET was defined as standardized uptake value ratio >1.42.

8

Median (IQR) unless otherwise described.

7

At the study visit closest to FFQ completion.

fBDI213; Depressive symptoms were assessed from the Beck Depression Inventory (BDI) II.

’tA global z-score for overall performance was created by averaging and scaling the four domain (memory, attention/executive function, language

and visuospatial skills) z-scores.

N
Time between completion of food frequency questionnaire and PET imaging.
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Table 2

Association of total MeDi score and its components with amyloid.

11C-PiB PET measurement™

Model 1™ Model 28

Dietary measures T Slope (95% ClI) p Slope (95% ClI) p

MeDi score -0.035 (-0.063, —0.008) 0.012 -0.034 (-0.062, -0.005)  0.02
Fish -0.027 (-0.055,0.001)  0.06  -0.025(-0.054,0.003)  0.08
Red meat -0.004 (—0.031, 0.023) 0.77 -0.003 (-0.031, 0.026) 0.85
Dairy 0.008 (-0.019, 0.035) 0.54 0.008 (-0.020, 0.036) 0.58
All vegetables” -0.043 (-0.070,-0.016)  0.002 -0.045 (-0.073,-0.017)  0.002
Legumes -0.019 (-0.047,0.008)  0.16  —0.022 (-0.051,0.007)  0.13
All fruits -0.006 (—0.033, 0.021) 0.66 -0.007 (-0.035, 0.021) 0.62
Fruits, no juice 0.001 (-0.026,0.028)  0.94  -0.000 (-0.028,0.028)  1.00
Grains/cereal -0.007 (—0.034, 0.020) 0.61 -0.006 (—0.034, 0.023) 0.69
Moderate alcohol intake” —0.074 (-0.141,-0.007)  0.03 ~ -0.072 (-0.143,-0.002)  0.044
% Carbohydrates? 0.024(-0.003,0.052) ~ 0.08  0.022(-0.006,0.050)  0.13
% Sugar 0.023 (-0.004, 0.050) 0.10 0.021 (-0.007, 0.048) 0.15
% Protein -0.011 (-0.040,0.017) 042  -0.010(-0.038,0.019)  0.52
% Total Fat -0.008 (—0.036, 0.020) 0.59 -0.007 (-0.035, 0.022) 0.66
Vitamin A -0.041(-0.068, -0.015)  0.003  -0.041(-0.068, —0.013)  0.004
B-carotene -0.039 (-0.066, -.0012) 0.005 -0.038 (-0.066, -0.010) 0.008
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Abbreviations: AD, Alzheimer disease; Cl, confidence interval; OR, odds ratio; 1lcpig PET, Pittsburgh compound B positron emission
tomography; MeDi, Mediterranean diet.

~Amyloid PET standardized uptake value (SUVR) formed from the voxel-number weighted average of the median uptake in the parietal, temporal,
anterior, prefrontal, orbitofrontal and posterior cingulate, and precuneus ROIs normalized to the cerebellar crus gray median.

Models were adjusted for age, sex, education, APOE &4 carrier status, time interval between the food frequency questionnaire (FFQ) completion
and PET scan, and total energy intake

§Models were adjusted for age, sex, education, APOE e4 carrier status, body mass index, diabetes, hypertension, coronary heart disease, peripheral
vascular disease, congestive heart failure, atrial fibrillation, dyslipidemia, stroke, depressive symptoms, time interval between the food frequency

questionnaire (FFQ) completion and PET scan, and total energy intake.

”Dietary measures were log or square root transformed where necessary, standardized and adjusted for caloric intake and estimates (excluding
moderate alcohol intake) are presented per standard deviation increase.

#Variable “all vegetables” includes legumes; estimate for vegetable consumption without legumes: slope: -0.042, 95%CI -0.069, —0.015, p=0.002
(Model 1) and slope: —0.042, 95%CI -0.070, —0.015, p=0.003 (Model 2)

fAIcohoI intake of 5 to <25 g/d for women and 10 to <50 g/d for men vs. other (ref.).

’tPercent of total calories/day.
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Table 3

Association of total MeDi score and its components with abnormal amyloid.

Abnormal C- PiB PET *

Model 18 Model 21

Dietary measures T OR (95% ClI) p OR (95% ClI) p

MeDi score 0.79 (0.61,1.02) 0.07 0.76 (0.58,0.99) 0.039
Fish 097 (0.75,1.25) 0.79 0.95(0.73,1.23) 0.68
Red meat 1.02(0.79,1.31) 0.88 1.04(0.80,1.35) 0.75
Dairy 1.17(0.91,1.50) 023 1.18(0.91,153) 0.20
All vegetables” 0.77(0.60,1.00) 0.051 0.73(0.56,0.96) 0.022
Legumes 0.96 (0.75,1.23) 074 0.94(0.72,1.23) 0.65
All fruits 1.07(0.83,1.37) 062 1.07(0.83,1.38) 061
Fruits, no juice 1.08(0.83,1.39) 057 1.06(0.81,1.37) 0.69
Grains/cereal 0.85(0.66,1.09) 0.0 0.82(0.63,1.06) 0.13
Moderate alcohol intake?  0-68 (0.36,1.26)  0.22  0.68(0.36,1.30)  0.24
% CarbohydratesA 1.01(0.78,1.29) 097 1.00(0.77,1.30) 0.98
% Sugar 1.18(0.92,1.52) 019 122(0.94,158) 0.14
% Protein 1.08(0.83,1.40) 0.58 1.09(0.83,1.42) 053
% Total Fat 1.02(0.79,1.32) 088 1.01(0.77,1.33) 093
Vitamin A 0.82 (0.64,1.06) 0.13 0.79(0.61,1.03) 0.083
B-carotene 0.81(0.62,1.04) 0.0 0.78(0.60,1.01) 0.063

Abbreviations: 11c-piB PET, Pittsburgh compound B positron emission tomography; MeDi, Mediterranean diet; OR, odds ratio; Cl, confidence

interval.

Abnormal amyloid 11c_piB PET was defined as standardized uptake value ratio >1.42.

§Mode|s were adjusted for age, sex, education, APOE &4 carrier status, time interval between the food frequency questionnaire (FFQ) completion
and PET scan, and total energy intake.

A

Models were adjusted for age, sex, education, APOE e4 carrier status, body mass index, diabetes, hypertension, coronary heart disease, peripheral

vascular disease, congestive heart failure, atrial fibrillation, dyslipidemia, stroke, depressive symptoms, time interval between the food frequency
questionnaire (FFQ) completion and PET scan, and total energy intake.

fDietary measures were log or square root transformed where necessary, standardized and adjusted for caloric intake and estimates (excluding
moderate alcohol intake) are presented per standard deviation increase.

#Variable “all vegetables” includes legumes; estimate for vegetable consumption without legumes: OR: 0.77, 95%CI 0.059, 0.99, p=0.045 (Model
1) and OR: 0.73, 95%Cl 0.55, 0.95, p=0.021 (Model 2).

’tAIcohoI intake of 5 to <25 g/d for women and 10 to <50 g/d for men vs. other (ref.).

N
Percent of total calories/day.
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