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Abstract

Background: Diet may be a modifiable factor for reducing the risk of Alzheimer’s dis-
ease (AD). Western-style dietary patterns are considered to increase the risk, whereas
Mediterranean-style dietary patterns are considered to reduce the risk. An association
between diet and AD-related biomarkers have been suggested, but studies are limited.
Aim: To investigate potential relations between dietary patterns and cerebrospinal
fluid (CSF) biomarkers for AD among dementia-free older adults.

Methods: Data were derived from the population-based Gothenburg H70 Birth
Cohort Studies, Sweden. A total of 269 dementia-free 70-year-olds with dietary and
cerebrospinal fluid (CSF) amyloid beta (AB42 and AB40), total tau (t-tau), and phos-
phorylated tau (p-tau) data were investigated. Dietary intake was determined by the
diet history method, and four dietary patterns were derived by principal component
analysis. A Western dietary pattern, a Mediterranean/prudent dietary pattern, a high-
protein and alcohol pattern, and a high-total and saturated fat pattern. Logistic regres-
sion models, with CSF biomarker pathology (yes/no) as dependent variables, and linear
regression models with continuous CSF biomarker levels as dependent variables were
performed. The analyses were adjusted for sex, energy intake, body mass index (BMl),

educational level, and physical activity level.
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in relation to AD.
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1 | INTRODUCTION

Dementia is the fifth leading cause of death globally.> Alzheimer’s
disease (AD) is the most common form of dementia, and the risk of
developing AD increases with age.? There is presently no cure for AD
and pharmacological treatments are limited.! Identifying preventive
strategies that may reduce the risk or slow down the disease progres-
sion is therefore essential.

Diet, as well as other modifiable lifestyle factors such as phys-
ical and cognitive activity, smoking, and body weight, have been
associated with the risk of developing AD.3~¢ Dietary risk factors
associated with cardiovascular diseases (CVDs), inflammation, and
oxidative stress are suggested to be risk factors also for AD.*7~?
Western-style dietary patterns, high in saturated and trans- fatty
acids, red meat, processed foods, refined cereals, sweets, and high-
sugar beverages, are considered to increase the risk. On the other
hand, healthier dietary patterns, such as the Mediterranean and pru-
dent diets, high in mono- and polyunsaturated fatty acids, vegetables,
fruits, nuts, seeds, low-fat dairy products, fish and wholegrain prod-
ucts, are considered protective.%11 There is no consensus regarding
the impact of alcohol on the risk of developing AD, but a low to moder-
ate intake has been suggested as protective and a higher intake is a risk
factor.'?

There is often a long and relatively symptom-free preclinical phase
before AD is clinically manifested, and biochemical changes related to
the disease can appear decades before symptoms of the disease are
present.’314 These changes are reflected in cerebrospinal fluid (CSF),
even in the symptom-free phase of AD progression.?31> CSF biomark-
ers that reflect key elements of AD pathophysiology, which are used
for screening and diagnostics, are amyloid beta (AB42 and AB42/A340
ratio) total tau (t-tau), and phosphorylated tau (p-tau).2>¢ T-tau and
p-tau reflect tau secretion and phosphorylation, which eventually
translates into neurodegeneration and tau tangle formation, and A342
and AB40 reflect the metabolism of A and formation of plaques in the

brain.)” Preclinical AD is considered when pathological biomarker lev-

Results: The odds ratio for having total tau pathology (odds ratio [OR] 1.43; 95% confi-
dence interval [CI] 1.02 to 2.01) and preclinical AD (AB42 and tau pathology; OR 1.79;
95% Cl 1.03 to 3.10) was higher among those with a higher adherence to a Western
dietary pattern. There were no other associations between the dietary patterns and
CSF biomarkers that remained significant in both unadjusted and adjusted models.

Discussion: Our findings suggest that higher adherence to a Western dietary pattern
may be associated with pathological levels of AD biomarkers in the preclinical phase
of AD. These findings can be added to the increasing amount of evidence linking diet

with AD and may be useful for future intervention studies investigating dietary intake

Alzheimer’s disease, amyloid, biomarkers, diet, dietary patterns, tau

els are present in asymptomatic individuals.'® Results from a study in
the Gothenburg H70 birth cohort studies showed that the prevalence
of pathologic AD biomarkers was common (46%) among cognitively
normal 70-year-olds.??

Studying single nutrients or foods can provide information about
influential dietary components and biological mechanisms underlying
risk or protective effects associated with dietary intake.* However,
effects of interactions between different nutrients and foods are com-
plex and can be missed if dietary patterns are not investigated. A sys-
tematic review and meta-analysis of diet and biomarkers related to
AD showed that dietary patterns with a high glycemic load and high
in saturated fat were associated with increased AS burden, and that
adherence to the Mediterranean diet was associated with a reduction
(AB and tau burden).2° In the same study, nutrients related to a higher
intake of fruit, vegetables, whole grains, fish, and low-fat dairies, and
lower intake of sweets, fried potatoes, high-fat dairies, processed meat,
and butter, were associated with lower cerebral AB burden. Another
study showed an increased AS burden related to a “junk food” dietary
pattern, but no relation with either the Mediterranean diet or with
a high-fat or low-fat diet.2! However, knowledge about the relation
between dietary patterns and CSF biomarkers related to AD is still
limited.2°

The aim of this study was to investigate if there is an association
between dietary patterns and AD-specific CSF biomarkers Aj (AB42
and AB42/AB40), t-tau, and p-tau among dementia-free 70-year-olds
born 1944.

2 | METHODS
2.1 | Study design and sample
This cross-sectional study is part of the ongoing Gothenburg H70

Birth Cohort Studies that started in 1971.22 The Gothenburg H70
Birth Cohort Studies are multidisciplinary epidemiological studies
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examining representative birth cohorts of older populations in Gothen-
burg, Sweden. The study comprised several examinations such as sam-
pling of blood and CSF, psychiatric, cognitive, and physical health exam-
inations, examinations of genetics, social factors, physical fitness and
activity, body composition, diet, as well as a close informant interview,
described previously in detail.23 All 70-year-olds registered as resi-
dents in Gothenburg and born in 1944 on birth dates ending with 0, 2,
5, or 8 were selected as potential participants. Participant flowchart is
displayed in Figure 1. All study participants were invited to take part
in CSF sampling via a lumbar puncture (LP). A total of 430 individu-
als consented (response rate 36%), but there were pharmacological
contraindications for 108 persons (eg, anticoagulant therapy, immune
modulation, cancer therapy), leaving 322 participants (166 men, 156
women). All participants were invited to take part of a dietary exam-
ination. A total of 861 (387 men and 474 women) participated in
the dietary examination (72%).232* There were 273 participants with
Ap42, t-tau, p-tau, and dietary data (139 men, 134 women). Four par-
ticipants were excluded due to dementia diagnosis (one man, three
women), leaving 269 participants with Ag42, t-tau, p-tau, and dietary
data (138 men, 131 women). The ratio of AB42/AB40 was calculated
for 266 participants (136 men, 130 women); data for three participants
were missing due to insufficient CSF volume. The study was approved
by the Regional Ethics Review Board in Gothenburg. The participants
gave written consent to participate in the examinations according to

the Declaration of Helsinki.

2.2 | Cerebrospinal fluid (CSF) sampling and
variables

All assays are included in the panel of clinical routine analyses at
the Molindal Clinical Neurochemistry laboratory. Analytic runs had
to pass quality control criteria for the calibrators, and internal qual-
ity control samples had to be approved. CSF total tau (t-tau) and
tau phosphorylated at threonine 181 (p-tau) were determined with
a sandwich enzyme-linked immunosorbent assay (INNOTEST htau Ag
and PHOSPHO_TAU [181P], Fujirebio [formerly Innogenetics], Ghent,
Belgium). CSF AB42 was measured with a sandwich enzyme-linked
immunosorbent assay (INNOTEST AB1-42) specifically constructed
to measure A starting at amino acid 1 and ending at amino acid
42. For the AB42/AB40 ratio, the V-PLEX AB Peptide Panel 1 (6E10)
Kit (Meso Scale Discovery, Rockville, MD) was used. The methods
have been described in detail previously.1?2> CSF biomarkers Ag42, t-
tau, and p-tau were divided into binary categories (pathology, yes/no),
as suggested by the A/T/N classification scheme.2é Cut-point val-
ues for pathology were <530 pg/mL for AB42, >80 pg/mL for p-
tau, and >350 pg/mL for t-tau.2’-2? The cut-point for pathological
AB42/AB40 ratio levels was <0.082, determined by the bimodal cut-
point of the data (n = 318). To further investigate the relation between
dietary patterns and preclinical AD, individuals with AB42 and t-tau
and/or p-tau pathology were divided into a fifth category (pathology,

yes/no).18

Clinical Interventions

HGHLIGHTS

» Results indicate links between diet and Alzheimer’s dis-
ease (AD)-related biomarkers.

* Adherence to a Western dietary pattern was associated
with pathological total tau levels.

* Higher adherence to a Western dietary pattern was asso-
ciated with preclinical AD.

* A Mediterranean-style dietary pattern was not associated

with AD-related biomarkers.

RESEARCH IN CONTEXT

1. Systematic review: The literature was reviewed by
searches of diet/nutrition/dietary patterns, Alzheimer’s
disease (AD) and biomarkers/tau/amyloid, mainly in
PubMed and Scopus. We found that previous studies
are limited, that methodological approaches in examining
dietary intake differ in those studies, and that few studies
have examined both tau and amyloid beta (Ag) status. Our
study stands out by investigating different dietary pat-
terns in relation to both tau and Ag status.

2. Interpretation: We found that higher adherence to a
Western-style dietary pattern (eg, red/processed meat,
refined grains, sweets, and high-sugar beverages) was
associated with pathological total tau levels and preclin-
ical AD (pathological tau and AB42 levels). These findings
support the notion that diet may play a role in the preclin-
ical phase of AD.

3. Future directions: Longitudinal/intervention studies
investigating associations between dietary patterns and
cerebrospinal fluid (CSF) biomarkers related to AD could
confirm the results.

2.3 | Dietary examination procedure

The diet history (DH) method used in this study was a semi-structured
face-to-face interview estimating habitual food intake during the pre-
ceding 3 months. The interviews were performed by trained registered
dietitians. The interviews lasted for ~1 to 1 ¥ hours and were per-
formed either at the participants own home or at the clinic. The pro-
tocols for the interviews consist of a meal-pattern interview, accompa-
nied by a food list with questions on usual frequencies and portion sizes
of foods.?* Pictures of foods from the Swedish National Food Agency
(NFA) were used during the interviews to estimate individual por-
tion sizes. Dietary intake was registered as gram of food items usually
consumed per day/week/month in a customized (for the H70-studies)
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Eligable sample H70 Excladed
2?14-16 N=172
N=1839 Died before the examination (n=29)
(878 men and 961 women) Not living in Gothenburg (n=32)
¢ <+—— | Could not speak Swedish (n=53)
Could not be traced (n=58)
Effective sample, H70
2014-16
Recruitment process N=1667

1. Invitation letter (773 men and 894 women)

(559 men and 644 women)

2. Phone call by study
) ) "
staff l — 5 i
3. Reminder invitation Non-participants
letter Total sample, H70 2014-16 N=464
N=1203 Declined participation

a

Neuropsychiatric Dietary
examination examination
N=1196 N=861

(557 men and 639 (387 men and
women) 474 women)

Lumbar
punction
N=322

(166 men and
156 women)

l «—

Included
N=269
(138 men and 131 women)

FIGURE 1 Sample flowchart

version of the nutritional calculation computer program Dietist Net
Pro, containing the NFAs nutrient database of 2015. The method has
been validated and described in detail previously.2

2.4 | Dietary variables
Data collected by the DH interview were used to calculate mean daily
energy, nutrient, and food intake based on the NFAs nutrient database,
as described previously.2

Reported food intake were placed into 22 food groups based on
similarity of nutritional properties and biological classifications (Table
S1) and transformed with Box-Cox transformation to normalize the
distribution. Principal component analysis (PCA)3° was performed to
reduce the data into factors representing dietary patterns. The Kaiser-
Meyer-Olkin Measure of Sampling Adequacy was considered accept-
able with a value of 0.63. The breakpoint in the scree plot was used
to determine the number of main latent dietary patterns (eigenval-
ues >1.2 and varimax rotation), shown in Figure S1. Four factors from

the PCA were translated into dietary patterns based on factor load-

Excluded:

Dietary examination n= 588 without CSF data
CSF n= 49 without dietary data

Dementia n=22

ings <—0.20 and >0.20, shown in Table 1. Factor 1 loaded high on
red and processed meat, potatoes, milk products, butter and mar-
garine, refined cereal products, sweets, fast food, and savory bakery
and soda, and loaded low on fish and shellfish/seafood. The compo-
sition of this dietary patterns resembled less healthy Western-style
dietary patterns and was therefore labeled the “Western” dietary
pattern.3! Factor 2 loaded high on fish and shellfish/seafood, vegeta-
bles and pulses, fruits and berries, milk products, nuts and seeds, and
low on coffee, alcohol, and red and processed meat. This pattern resem-
bled healthier Mediterranean/prudent-style dietary patterns and was
therefore labeled the “Mediterranean/prudent” dietary pattern.3! Fac-
tor 3 loaded high on protein-rich foods such as eggs, fish and shell-
fish/seafood, meat and processed meat, and high on potatoes, sauces
and condiments, juice, and alcohol. Based on this food composition,
we labeled the pattern the “high-protein and alcohol” dietary pattern.
Factor 4 loaded high on high-fat dairy products such as cream, créme
fraiche, and cheese, and high on refined cereal products and coffee
and lower on sauces and condiments and potatoes. Based on this food
composition, we labeled the pattern the “high-total and saturated fat”

dietary pattern.
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TABLE 1 Dietary patterns derived from principal component analysis
Food groups?®
Factor” 1 2 3 4

Mediterranean/ High-protein High-total and

Dietary patterns Western prudent and alcohol saturated fat
Eigenvalue 2.5 1.7 1.5 1.3
Variance explained 32% 11% 8% 7% 6%
Fish and shellfish -0.27 0.29 0.52
Red meat and processed red meat 0.35 -0.33 0.40
Poultry
Eggs 0.36 0.44
Potatoes 0.39 0.45 -0.28
Vegetables and pulses 0.58
Fruits and berries 0.64
Milk products 0.42 0.21
Cream and creme fraiche 0.44
Cheese 0.62
Sauces, dressings and condiments 0.44 -0.27
Butter and margarine 0.49
Nuts and seeds 0.44
Whole grain cereal products 0.33
Refined cereal products 0.53 0.25
Sweets 0.60
Fast food and savory bakery 0.50
Juice 0.22 0.36
Soda 0.42
Coffee -0.21 0.36
Tea 0.61
Alcoholic beverages -0.20 -0.21 0.66

aTable S1 contains detailed information about food group contents.

bFactors were interpreted into dietary patterns based on food group loadings <—0.20 and > 0.20.

2.5 | Dementia diagnosis

Dementia was diagnosed following the Diagnostic and Statistical Man-
ual of Mental Disorders, Third Edition, Revised (DSM-II1I-R) criteria
using information from neuropsychiatric examinations and informa-
tion from key informants.2® Cognitive function was rated in accor-
dance with a Swedish version of the Mini-Mental State Examination
(MMSE).32

2.6 | Genotype data

Blood samples were collected and genotyping of the single nucleotide
polymorphisms (SNPs) rs7412 and rs429358 in apolipoprotein (APOE;
gene map locus 19q13.2) was performed using a KASPar PCR SNP
genotyping system (LGC Genomics, Hoddesdon, Herts, UK).1?33 Geno-

type data for these two SNPs were used to define €2, €3, and ¢4 alleles.
APOE genotype was divided into 4 carriers (¢4/¢2, £4/¢3, or 4/ €4) and
g4 non-carriers (2/€2, €3/e3, or €3 /¢2).

2.7 | Statistical analyses

CSF biomarkers t-tau and p-tau and the ratio p-tau/AB42 were log
transformed (natural logarithm) to normalize the distribution before
analyses.

Student’s t tests, Mann-Whitney U, and chi-square tests were per-
formed to compare characteristics, and adherence to each dietary pat-
tern between the dementia-free participants with dietary and CSF data
and those with only dietary data.

Spearman correlation coefficient analyses were performed to inves-
tigate which dietary pattern correlated strongest with mean gram
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carbohydrate, fiber, protein, fat (total, saturated, monounsaturated,
polyunsaturated), and alcohol intake/day.

Linear and binary logistic regression analyses were performed, with
CSF biomarkers as dependent variables (continuous and binary out-
comes) and dietary patterns (continuous factor values derived from the
PC analysis) as independent variables. In the linear regression mod-
els, CSF biomarker levels for AB42, the ratio of AB42/AB40, t-tau, p-
tau, and the ratio of p-tau/ApB42 were investigated in relation to the
four dietary patterns (Western, Mediterranean/prudent, high-protein
and alcohol, and high-total and saturated fat) separately. Descriptive
scatter plots with regression lines between the dietary pattern scores
and CSF biomarker levels were performed (Figure S2). In the logistic
regression models, the binary outcome was preclinical AD, yes/no (ie,
AB42 and p-tau, and/or t- tau pathology) and pathology, yes/no of CSF
biomarkers AB42, the ratio of AB42/AB40, t-tau, and p-tau.

Potential confounders included in the adjusted models were sex,
energy intake (kcal), educational level, body mass index (BMI, kg/m?),
and physical activity level. An updated version of the Saltin-Grimby
Physical Activity Level Scale was used to determine the level of phys-
ical activity.3435 Educational level was dichotomized into compulsory
primary education (<9 years) versus more than that (>9 years). Con-
founders were selected a priori based on theory of potential asso-
ciations with exposure and outcome variables.3¢3” The chosen con-
founders were similar to those included in previous studies investigat-
ing dietary patterns and CSF biomarkers related to AD.2° One partici-
pant was excluded in the adjusted models due to missing physical activ-
ity data.

Subgroup analyses, stratified by sex, and by genetic risk (APOE ¢4
carrier, yes/no) and sex, were performed for the linear regression mod-
els, and descriptive scatter plots with regression lines between the
dietary patterns and CSF biomarker levels were created if an associa-
tion was found (Figure S3). Five participants were excluded due to miss-
ing APOE data in the analyses that were stratified by sex and APOE ¢4
status.

The statistical analyses were performed using IBM SPSS STATIS-
TICS 24. The statistical tests were two-tailed and P-values of <.05 were
considered statistically significant.

3 | RESULTS

3.1 | Sample characteristics

Characteristics regarding APOE ¢4 allele status, CSF biomarker lev-
els, MMSE score, BMI, energy intake, physical activity, and educational
level of the dementia-free participants with both dietary and CSF data,
are shown in Table 2. Mean values of CSF biomarkers AB42, p-tau, t-tau,
AB42/AB40 ratio, and p-tau/AB42 are shown in Table 2.

There were no differences in characteristics between the dementia-
free participants (stratified by sex) with dietary and CSF data compared
to those with only dietary data, except for APOE ¢4 allele status among
men, that was higher in the CSF group (43% vs 31% ¢4 carriers P =.02),
shown in Table S2. There was no difference between the dementia-

free participants with and without CSF data regarding adherence to the
four dietary patterns, shown in Table S2.

Correlations between macronutrients (mean gram/day) and dietary
patterns (factors 1-4) among the dementia-free participants with CSF
data (n = 269) are shown in Table S3. The Western dietary pattern
(factor 1) correlated strongest with carbohydrate intake (r = 0.68),
the Mediterranean/prudent pattern (factor 2) with fiber (r = 0.63) and
polyunsaturated fat (r = 0.28) intake, the high-protein and alcohol pat-
tern (factor 3) with protein (r = 0.41) and alcohol (r = 0.58) intake,
and the high-total and saturated fat pattern (factor 4) with total fat
(r = 0.46), monounsaturated fat (0.41), and saturated fat (r = 0.52)
intake (P =.01).

3.2 | Dietary patterns and CSF biomarkers

Ahigher adherence to the Western dietary pattern (factor 1) increased
the odds ratio (OR) of having t-tau pathology (OR 1.36; 95% Cl 1.02 to
1.80) and preclinical AD (ie, AB42 and t-tau and/or p-tau pathology; OR
1.81; 95% Cl 1.14 to 2.86) in the unadjusted binary logistic regression
models. The findings remained significant in the adjusted models for
both t-tau (OR 1.43; 95% Cl 1.02 to 2.01) and preclinical AD (OR 1.79;
95% Cl 1.03 to 3.10), shown in Table 3. A higher adherence to the high-
protein and alcohol pattern decreased the OR of having t-tau pathol-
ogy in the adjusted model (OR0.71; 95% C10.51 to 0.98), but not in the
unadjusted model (OR 0.92; 95% C1 0.71 to 1.20). There were no other
associations between the dietary patterns and CSF biomarkers in the
binary logistic regression models (Table 3).

There were borderline associations between higher adherence to
the Western dietary pattern and lower AB42/AB40 ratio (B —0.002;
95% CI —0.005 to 0.000), higher t-tau levels (B 0.04; 95% Cl —0.01 to
0.09), higher p-tau levels (B 0.04; 95% Cl —0.01 to 0.08), and higher p-
tau/AB42 ratio (B 0.063; 95% CI 0.001 to 0.125) in the unadjusted lin-
ear regression models, but not in the adjusted models (Table 4). There
was a borderline association between higher adherence to the high-
total and saturated fat dietary pattern and higher p-tau levels in the
unadjusted model, but not in the adjusted model (Table 4). No associa-
tions were found between the other dietary patterns and CSF biomark-
ersinthelinear regression models shownin Table 4. Descriptive scatter
plots with regression lines between the dietary pattern scores and CSF
biomarker levels are shown in Figure S2.

In the unadjusted subgroup analyses (stratified by sex and APOE
¢4), there were associations between higher adherence to the Western
dietary pattern and higher t-tau (men and women) (B 0.08; 95% C10.01
to 0.14, P = .03) (B 0.10; 95% Cl 0.02 to 0.18, P = .01) and higher p-
tau (women only) levels among APOE ¢4 non-carriers (B 0.09; 95% Cl
0.02 to 0.16, P = .02). A higher adherence to the high-total and sat-
urated fat pattern was associated with higher t-tau levels (men only)
among APOE &4 carriers (B 0.14; 95% C1 0.02 to 0.26, P =.03). Descrip-
tive scatter plots with correlation lines are shown in Figure S3. In the
adjusted models, the associations remained between higher adherence
to the Western dietary pattern and higher t-tau and p-tau levels among
women that were APOE ¢4 non-carriers (B 0.15; 95% CI 0.05 to 0.24,
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TABLE 2 Characteristics of the dementia-free participants with both dietary and CSF data

Participants with dietary and CSF data

Total (n = 269)

Mean (SD)
BMI 25.8(4.3)
Energy intake (kcal) 2221 (542)
AB42 (pg/mL) 723(220)
AB42/AB40 ratio 0.088 (0.021)
T-tau (pg/mL) 326(128)
P-tau (pg/mL) 49 (17)
P-tau/AB42 ratio 0.079 (0.057)
Dietary patterns
Western 0.031 (0.945)
Mediterranean/prudent 0.0233(0.999)
High-protein and alcohol 0.057 (0.990)
High-total and saturated fat 0.054 (1.037)

Median (Min/Max)
MMSE score? 29(23/30)

% (cases/total case)
APOE €4 c arrier 37(97/264)
Physical activity
Physically inactive 3(8/268)
Some light physical activity 12(31/268)
Regular physical activity and training 83(222/268)
Regular hard physical training 2(7/268)
Education®
> Primary school 88(238/269)

Translational Research 70f11
Clinical Interventions

Men (n = 138) Women (n = 131)
Mean (SD) Mean (SD)
26.2(4.0) 25.4(4.6)

2386 (517) 2048 (513)
712(223) 735(218)

0.087 (0.022) 0.089 (0.020)
328(127) 325(130)

49 (17) 49 (17)
0.081(0.063) 0.076(0.061)
0.210(0.975) —0.157(0.878)
—0.150(1.038) 0.206 (0.925)
0.508 (0.861) —0.418(0.893)
0.033(1.011) 0.075 (1.067)
Median (Min/Max) Median (Min/Max)
29(23/30) 29 (24/30)

% (cases/total cases) % (cases/total cases)
43(59/138) 30 (38/126)
2(3/138) 4(5/130)
11(15/138) 12(16/130)
84(116/138) 82(106/130)
3(4/138) 2(3/130)
86(119/138) 91(119/131)

aMini-Mental State Examination (MMSE) has a maximum score of 30. The only participant with an MMSE score of 23 was the one participant in this sample

who could not answer a question due to disability.
bCompulsory primary school is 9 years.

P =.003) (B 0.12; 95% CI 0.03 to 0.21, P = .01). No other associations
were found between the dietary patterns and CSF biomarkers strati-
fied by sex, or by sex and APOE ¢4 status in the linear regression models.

4 | DISCUSSION

In this study we found that higher adherence to a Western dietary pat-
tern was associated with preclinical AD (ie, having both AB and tau
pathology) and pathological t-tau (a marker of neurodegeneration) lev-
els in a population-based study on cognitively healthy 70-year-olds.
However, there were no associations with amyloid pathology only and
no associations between CSF biomarkers and a Mediterranean-style
dietary pattern, a high-protein and alcohol pattern, or a high-total and
saturated fat pattern, in both unadjusted and adjusted models.
Previous studies have chosen several different approaches when
studying CSF biomarkers in relation to diet. The Australian Women’s
Health Aging Project (mean age 70 years) showed a relation between
increased cerebral AB burden measured by positron emission tomog-

raphy (PET) scanning and a “junk food” diet containing sweets and

fast food in healthy women,3¢ but, similar to our study, no associ-
ation with the Mediterranean diet (MeDi), as derived both by PCA
and MeDi scores.?138 However, others report an association between
a decreased AB burden (measured with PET) and higher adher-
ence to MeDi in cognitively normal individuals (middle-aged or >70
years).3?-42 One study examined both AB and tau burden (PET) in
relation to MeDi adherence.*® They found that higher adherence was
related to a lower AB and tau burden among dementia-free individu-
als with either subjective memory complaints or mild cognitive impair-
ment (mean age 63). Two other studies among cognitively normal indi-
viduals (mean age 54) showed similar relations, where higher adher-
ence to nutrient patterns (eg, macro and micronutrients) based on
higher intake of fresh fruit and vegetables, whole grains, fish and low-
fat dairies, and lower intake of sweets, fried potatoes, high-fat dairies,
processed meat, and butter, was associated with lower AB burden
(PET).44’45

A study among cognitively normal older adults (>65 years) found
that adherence to a high glycemic load and high carbohydrate dietary
pattern was associated with elevated Af burden measured with PET,*¢

indicating a possible link between the Western-style pattern and
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TABLE 3 Associations between dietary patterns and CSF biomarker pathology

Model 1° Model 2°

ApA42 (60/209)" (60/208)° OR 95% ClI SIE P-value OR 95% ClI SIE P-value
Western 1.30 0.95;1.78 0.16 .10 1.30 0.90;1.89 0.19 A7
Mediterranean/prudent 0.99 0.74;1.32 0.15 .94 0.89 0.65;1.23 0.16 49
High-protein and alcohol 0.98 0.73;1.31 0.15 .88 0.84 0.59;1.19 0.18 .33
High-total and saturated fat 0.98 0.74;1.29 0.14 .87 0.89 0.66;1.20 0.15 44
AB42/AB40° (76/190)¢

(76/189)° OR 95% ClI SIE P-value OR 95% ClI SIE P-value
Western 1.22 0.92;1.64 0.15 17 1.25 0.88;1.76 0.18 21
Mediterranean/prudent 1.06 0.81;1.38 0.14 .67 0.90 0.67;1.21 0.15 48
High-protein and alcohol 0.92 0.70;1.20 0.14 .53 0.80 0.58;1.12 0.17 19
High-total and saturated fat 0.96 0.74;1.24 0.13 76 0.90 0.68;1.19 0.14 45
AB4A2+Tauc (27/242)" (27/241)° OR 95% Cl Gil= P-value OR 95% Cl SIE P-value
Western 1.81 1.14;2.86 0.23 .01 1.79 1.03;3.10 0.28 .04
Mediterranean/prudent 1.01 0.68;1.15 0.20 .95 0.92 0.60;1.41 0.22 .70
High-protein and alcohol 0.96 0.64;1.44 0.21 .86 0.68 0.42;1.12 0.25 A3
High-total and saturated fat 1.15 0.79;1.68 0.19 47 1.03 0.68;1.56 0.21 .88
T-tau (84/185)¢ (84/184)° OR 95% ClI S.E P-value OR 95% Cl S.E P-value
Western 1.36 1.02;1.80 0.14 .04 1.43 1.02;2.01 0.17 .04
Mediterranean/prudent 0.97 0.75;1.26 0.13 .83 0.94 0.71;1.26 0.15 .68
High-protein and alcohol 0.92 0.71;1;20 0.13 54 0.71 0.51;0.98 0.17 .04
High-total and saturated fat 1.11 0.87;1.43 0.13 40 1.10 0.84;1.45 0.14 .50
P-tau (14/255)9 (14/254)¢ OR 95% ClI SIE P-value OR 95% ClI SIE P-value
Western 0.89 0.51;1.57 0.29 .69 0.87 0.44;1.73 0.35 .87
Mediterranean/prudent 0.92 0.54;1.59 0.28 .78 0.74 0.40;1.36 0.31 838
High-protein and alcohol 0.97 0.56;1.67 0.28 .90 0.93 0.49;1.76 0.33 .82
High-total and saturated fat 142 0.86;2.34 0.26 A7 1.40 0.79;2.48 0.29 26

2Analyses in model 1 is unadjusted for confounders. Potential confounders that have been included in model 2 are: BMI, energy intake, sex, physical activity
level, and educational level. One participant had missing physical activity level data.

bThree participants had missing AB42/40 ratio values.

¢AB42+Tau stands for AB42 + total tau and/or phosphorylated tau pathology (n = 27). There were 22 participants with pathological AB42+total tau levels.
The participants with pathological AB42+phosphorylated tau (n = 5) levels all had pathological total tau levels as well.

dNumber of participants with CSF biomarker pathology/number of participants who did not have pathological levels in the unadjusted model.

¢Number of participants with CSF biomarker pathology/number of participants who did not have pathological levels in the adjusted model.

biomarkers related to preclinical AD seen in our study. An interven-
tion study that investigated relations between CSF AB42 and tau lev-
els in relation to high and low glycemic index and saturated fat dietary
patterns showed contradictory results.*” The low glycemic index and
low saturated fat dietary pattern was associated with higher CSF Ag42
levels among individuals with mild cognitive impairment (mean age 68
years). However, the results turned into an opposite direction among
cognitively normal individuals (mean age 69 years). Furthermore, they
found no associations between diet and CSF ApB40, t-tau, or p-tau lev-
els. In this study, we found an association between higher adherence
to the high-protein and alcohol dietary pattern and decreasing odds
ratio for pathological t-tau levels in the adjusted model but not in
the unadjusted model, indicating effect-modifying properties of the
confounders on this association. The high-protein and alcohol pattern

loaded high on foods associated with both healthy (eg, fish) and less
healthy (eg, red processed meat) dietary patterns, and contained foods
that are suggested to have both risk and protective qualities (eg, juice
and alcoholic beverages).1220:31 The combined effects of both risk and
protective factors in foods on the development of cognitive decline
could be an explanation for lack of associations with the other CSF
biomarkers.% We found no associations between the dietary patterns
and CSF biomarkers in the subgroup analyses based on stratification
by sex only. However, in the subgroup analyses based on stratification
by sex and APOE ¢4 status, we found an association between higher
adherence to the Western dietary pattern and higher t-tau and p-tau
levels in both the unadjusted and adjusted linear regression models
among women who were APOE ¢4 non-carriers, indicating a potential
effect modification by APOE ¢4 status.
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TABLE 4 Associations between dietary patterns and CSF biomarker levels
Total n =269 Total n =268
Model 1° Model 22
AB42 B 95% Cl S.E r2 P-value B 95% Cl S.E Adj.rs P-value
Western -11.96 -39.96;16.05 1422  0.003 40 -3.31 -36.23;29.60 16.72 0.000 .84
Mediterranean/prudent -14.41 -40.88;1207 1344 0004 .29 -6.81 -35.86;22.23 14.75 0.001 .65
High-protein and alcohol 6.04 -20.71;32.80 13.59 0.001 66 23.79 -7.37;54.95 15.82 0.009 .13
High-total and saturated fat 518 -20.38;30.72 1298  0.001 69 15.29 -12.57;43.16 14.15 0.005 .28
AB42/ AB4OP B 95% Cl S.E r? P-value B 95% ClI S.E Adj.r§  P-value
Western -0.002 -0.005;0.000 0.001 0.011 .09 -0.002 -0.005;0.001 0.002 0.018 16
Mediterranean/ prudent -0.001 -0.004;,0.001 0.001 0004 .28 0.000 -0.003;0.002 0.001 0.010 .83
High-protein and alcohol 0.001 -0.002;0.004 0.001  0.002 44 0.003  0.000;0.006 0.001 0.022 .08
High-total and saturatedfat  0.001  -0.002;0.003 0.001  0.001 67 0.001 -0.001;0.004 0.001 0.014 .29
T-tau B 95% Cl S.E 1 P-value B 95% CI S.E Adj.rs P-value
Western 0.04 -0.01;0.09 0.02 0.012 .08 0.05 -0.10:0.10 0.03 0.006 A1
Mediterranean/ prudent -0.02 -0.07;0.02 0.02 0.004 .30 -0.04 -0.09;0.01 0.02 0.008 .08
High-protein and alcohol -0.01 -0.05;0.04 0.02 0.000 .79 -0.02 -0.08;0.03 0.03 0.000 .38
High-total and saturated fat ~ 0.03 -0.01;0.07 0.02 0.008 .15 0.02 -0.02;0.07 0.02 0.000 .31
P-tau B 95% Cl S.E r2 P-value B 95% Cl S.E Adj.r§  P-value
Western 0.04 -0.01;0.08 0.02 0.011 .09 0.03 -0.02;0.08 0.03 0.015 21
Mediterranean/prudent -0.00 -0.04;0.04 0.02 0.000 .97 -0.02 -0.07;0.02 0.02 0.012 .32
High-protein and alcohol 0.01 -0.03;0.05 0.02 0.001 .59 0.00 -0.05;0.05 0.02 0.009 .97
High-total and saturated fat ~ 0.04 -0.01;0.08 0.02 0.014 .06 0.03 -0.02;0.07 0.02 0.014 22
P-tau/ Ag42 B 95% Cl S.E 2 P-value B 95% Cl SE Adj.rs P-value
Western 0.063 0.001;0.125 0031  0.015 .05 0.042 -0.030;0.114 0.036 0.038 .25
Mediterranean/prudent 0.030 -0.029;0.088 0.030 0004 .32 -0.006 -0.069;0.058 0.032 0.034 .86
High-protein and alcohol 0.001 -0.059;,0.060 0.030 0000 .98 -0.041 -0.109;0.027 0.035 0.039 24
High-total and saturated fat 0.030 -0.027;,0.086 0.029 0004 .30 -0.002 -0.063;0.059 0.031 0.033 .96

2Analyses in model 1 is unadjusted for confounders. Potential confounders included in model 2 are: BMI, energy intake, sex, physical activity level, educational
level. One participant had missing physical activity level data. T-tau, p-tau, and the p-tau/AB42 ratio were log-transformed to normalize the distribution.

bThree participants had missing AB42/40 values.

There were several differences between the above-mentioned stud-
ies, such as study design, AD-biomarkers included (AB measured with
PET most examined), cognitive status, and age, and sample sizes were
generally small. This could possibly explain why results differ between
studies, and why associations might not be detected. Methodological
differences in dietary examination methods and dietary pattern eval-
uations (eg, dietary index scores or PCA) could also be an issue when
comparing results between studies.*® However, the overall trend in
both ours and other studies seem to support the hypothesis that less
healthy Western-style dietary patterns might increase the risk of AD,
whereas healthier Mediterranean-style patterns are protective.

The mechanisms behind the relation between diet and tau and
AB accumulation are unclear, but it has been suggested that pro-
cesses involved in disrupted lipid and glucose metabolism,*? and
inflammatory processes (oxidative stress, neuroinflammation) could

be of importance.”® The role of lipid metabolism and glucose-energy

metabolism in the pathogenesis of AD needs to be investigated
further, but a disruption of the homeostasis of lipid and glucose
metabolism could affect the production and clearance of AB and
tau phosphorylation and induce neurodegeneration.*’” The role of
diet in neuroinflammatory processes is also unclear, but it has been
suggested that polyphenols, antioxidant vitamins, and omega-3 fatty
acids could be involved in inhibiting free radicals and cytokine pro-

duction in microglia cells>®

and potentially reduce the risk of AB
accumulation.”*>2 Components of MeDi and closely related dietary
patterns such as DASH (Dietary Approaches to Stop Hypertension)
and MIND (Mediterranean-DASH diet intervention for neurodegen-
eration delay)®® are suggested to reduce neuroinflammatory pro-
cesses, while these processes are promoted by Western-style dietary
patterns.

Strengths with this study are the representative population-based

sample, the comprehensive examinations, and the relatively high
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response rate for lumbar puncture that has provided us with a sample
size larger than similar studies.2® To our knowledge, this is also one of
few studies that has investigated dietary patterns in relation to both
Apand tau levels in a cognitively healthy sample. Another strength was
the use of PCA, which allowed us to identify existing dietary patterns in
this population and describe interpersonal differences in dietary intake
and combinations of foods consumed.

The study also has limitations. Recall and over-/under-reporting of
dietary intake is a limitation in most studies examining dietary intake.>*
This is most likely true for our study as well, even though the face-
to-face interview by a trained dietitian for 1 to 2 hours would have
improved this methodological issue.2* Even though the total number
of individuals with CSF data is larger than in several other studies, the
number included in some of the analyses is low in terms of statistical
power. The results are not corrected for multiple testing and there-
fore the reported associations should be interpreted with caution. The
cross-sectional design is another limitation, since potential influences
of lifetime changes in dietary patterns on disease progression will not
be detected. Further studies are needed to confirm the results, prefer-
ably with a longitudinal approach. The individuals examined were all
cognitively healthy 70-year-olds, and the results can therefore not be

generalized to other age groups.

5 | CONCLUSIONS

The results from this study indicate that a Western-style dietary pat-
tern may influence the evolution of preclinical AD. This finding can
be added to the increasing amount of evidence linking diet with AD
and may be useful for future intervention studies investigating dietary
intake in relation to AD.
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