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Abstract: Background: Evidence whether single “cognitive health” foods could prevent cognitive
decline is limited. We investigated whether dietary intake of red wine, white wine, coffee,
green tea, olive oil, fresh fish, fruits and vegetables, red meat and sausages, assessed by a
single-food-questionnaire, would be associated with either incident Alzheimer’s dementia (AD)
or verbal memory decline. Methods: Participants aged 75+ of the German Study on Aging, Cognition
and Dementia in Primary Care Patients (AgeCoDe) cohort were regularly followed over 10 years
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(n =2622; n = 418 incident AD cases). Multivariable-adjusted joint modeling of repeated-measures
and survival analysis was used, taking gender and Apolipoprotein E4 (APOE ¢4) genotype into
account as possible effect modifiers. Results: Only higher red wine intake was associated with a
lower incidence of AD (HR = 0.92; P = 0.045). Interestingly, this was true only for men (HR = 0.82;
P < 0.001), while in women higher red wine intake was associated with a higher incidence of AD
(HR =1.15; P = 0.044), and higher white wine intake with a more pronounced memory decline over
time (HR = —0.13; P = 0.052). Conclusion: We found no evidence for these single foods to be protective
against cognitive decline, with the exception of red wine, which reduced the risk for AD only in men.
Women could be more susceptible to detrimental effects of alcohol.

Keywords: food intake; gender; apolipoprotein E e¢4; memory decline; cognitive decline; dementia;
Alzheimer’s dementia

1. Introduction

Cognitive decline and dementia are a major cause of disability and mortality in very old adults.
Alzheimer’s dementia (AD) is the most common cause of dementia worldwide, which is a progressive
neurodegenerative disorder that exponentially increases with age [1,2]. The disease is becoming a
major public health concern and socioeconomic burden with an estimated global prevalence of about
107 million in 2050 [3]. In order to counteract this trend, modifiable lifestyle factors, such as diet, may
play a pivotal role in the prevention and treatment of cognitive decline and AD [4,5].

In recent years, increasing interest has been devoted to the role of dietary factors as risk factors
in AD and cognitive impairment [5,6]. To date, no dietary approach has been conclusively proven
to protect against cognitive decline [7]. Moreover, results from different studies investigating the
same dietary aspect have often been inconclusive [6]. Nevertheless, various observational and
controlled intervention studies suggest that specific nutrients, foods, or overall dietary patterns may
be effective [6-11]. Because nutrients are not consumed in isolation but as part of foods or a diet with
possible synergistic or antagonistic interactions [12], investigating foods or overall dietary patterns
rather than single nutrients seems to be a more promising approach. However, when information is
only available for complex dietary patterns, it is not clear which of the foods or nutrients provided by
the diet are most effective and thus should be especially included in diets of individuals at high risk
of developing cognitive impairment or dementia. Moreover, investigating foods is of scientific and
practical advantage because single foods, or simple combinations of foods, are the units we usually
consume during the day [13]. Additionally, they are easy to understand and to implement, and they
are the units most appropriate for public health purposes.

Individual foods that have been inversely linked to cognitive impairment and/or dementia
include fish [6-8,11,14], wine [7,11,15], red wine in particular [6-8], olive oil [7,8,16], fruits [6-8,11],
vegetables [6-8,11,17], coffee [6,18], and green tea [6,19-21]. By contrast, high meat intake, especially
of red and processed meat products, has been shown to be positively [11,22,23], or not [24] associated with
risk of dementia. However, to our knowledge, no study has investigated the association of such “cognitive
health” foods with cognitive decline or dementia in a German population. In addition, compared to a
number of studies on food intake and global cognition, the relationships between single foods and memory
decline are understudied. These associations, however, are of interest as particularly memory is affected by
AD. Also, memory tests are more sensitive than global cognition tests [25].

Furthermore, recent evidence suggests that the impact of foods on cognitive health outcomes
may be modified by Apolipoprotein E ¢4 genotype (APOE e4) [11,26-33], a major risk factor for
dementia [34-36] or by gender [37-39]. While such interactions may be biologically plausible, and
could lead to personalized nutrition strategies, they are rarely studied systematically. Joint modeling
(JM), i.e., the simultaneous analysis of survival (time-to-event) and repeated-measures (longitudinal)
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data of related processes [40], is a method which is increasingly used in medical research [41-43],
especially when the data contains nonrandom dropouts, which is common in a study including
the elderly.

To the best of our knowledge, JM has not been used to investigate the association between food
intake, cognitive decline, and incidence of dementia in the elderly.

The aim of the present study was to utilize JM to investigate whether dietary intake of commonly
eaten and supposed “cognitive health” foods were longitudinally associated with incidence of AD or
memory decline in participants of the German Study on Aging, Cognition and Dementia in Primary
Care Patients (AgeCoDe) cohort. In addition, we analyzed whether these associations were modified
by gender or APOE ¢4 status.

2. Methods

2.1. Study Design and Participants

The current data are from the German Study on Ageing, Cognition and Dementia in Primary Care
Patients (AgeCoDe and Needs, health service use, costs and health-related quality of life in a large
sample of oldest-old primary care patients (AgeQualiDe). The study is a German multicenter and
general practitioner (GP) registry-based prospective cohort study on early detection and prediction
of mild cognitive impairment and dementia in elderly primary care patients starting in 2003.
Enrolled participants were primary care patients aged 75 years or older living in the urban areas
of the six German cities Bonn, Diisseldorf, Hamburg, Leipzig, Mannheim, or Munich. The recruitment
and baseline visits were conducted between January 2003 and November 2004. Since then, eight
follow-up (FU) visits (with an 18-month interval between each FU) were completed up to the time of
the present study. Selection and sampling of the participants have been described previously [44,45].
Briefly, participants were recruited by 138 GPs connected to the respective study sites. Of the GP
population of 22,701 persons, a total of 10,850 were eligible for inclusion in the study. Of those,
6619 persons were randomly selected to be invited to participate in the study. Inclusion criteria
were age above 75 years, absence of dementia [46], and at least one personal contact with the GP
during the past year. Exclusion criteria were consultations only via home visits, residence in a
nursing home, prevailing severe illness with an expected fatal outcome within the next three months,
insufficient German language skills, blindness or deafness, inability to provide an informed consent,
and not being a regular patient of the participating GP. Of the 6619 invited persons, 3327 persons
consented to enrollment and were investigated at baseline. All baseline assessments were performed
by trained investigators (physicians, psychologists, gerontologists) at the participants” homes and
included structured clinical interviews comprising sociodemographic and anthropometric information,
neuropsychological tests, current physical and mental health, and psychosocial and lifestyle factors.
The same personal structured interviews and neuropsychological assessments were conducted in
subsequent FUs at 18-month intervals. For participants who could not be interviewed personally at
any FU visit, informant-based information was obtained. In such a case, participants were excluded
from further FUs. The study was approved by the local ethics committees of the six participating
centers, and all participants gave their written informed consent to the study.

2.2. Analytical Samples

For the present study, we used data of participants who attended the first follow-up (FU-1) visit
because information on food intake was collected at FU-1. Of the 3327 participants investigated
at baseline, we excluded participants with FU-1 informant-based information only (n = 482) and
participants that were lost to follow up before the first follow up visit (n = 25), resulting in a sample of
2820 participants at FU-1. From these 2820 participants, we further excluded in total 198 participants
who, at baseline, received a study diagnosis of dementia (1 = 42) or were aged below 75 years (n = 37;
falsely classified as 75 years or older in the study selection process) as well as those participants with
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dementia at FU-1 (n = 107), and/or those participants whose dietary intake data (n = 20) and/or
data on depression (n = 17), and/or cognitive data (data on the Consortium to Establish a Registry
for Alzheimer’s Disease (CERAD); n = 15) was not available at FU-1. Consequently, the sample of
non-demented participants with complete cognitive test data at FU-1 included 2622 participants.
The exclusion of participants of the present study is shown in a flow chart (Figure 1).

Initial AgeCoDe sample

n=3327
Total participants excluded (n = 507)
- Informant information only (n = 482)
- Drop out before follow up 1 (n =25)
Personal interview at follow-up 1 Total participants excluded (n = 198)
n=2820 T . .
- Not meeting initial inclusion criteria (n = 78)

* Dementia at baseline visit (nz = 42)
and/or age <75 years (n =37)

- And/or dementia at follow up 1 (n =107)

v

. - - informati issi )
Sample for cross-sectional and And/or information on data missing (n = 82)

longitudinal analyses * No dietary intake data (n = 20),
n=2622 and/or no data on depression (n = 17),
and/or no cognitive test data (n = 15)

Figure 1. Flow chart of the participants included in the AgeCoDe study. Abbreviations: AgeCoDe,
German Study on Aging, Cognition and Dementia in Primary Care Patients.

2.3. Dietary Assessment

At FU-1, dietary intake of foods was assessed using a short and concise 8-item “cognitive health”
food intake screener developed by the AgeCoDe study group. Participants were asked how often they
usually consumed fresh fish (not canned), olive oil, fruits and vegetables (excluding potatoes), meat
and sausages, red wine, white wine, green tea, and coffee. For each food item, options to answer were
(1) “never”; (2) “less than once a week”; (3) “once a week”; (4) “several times per week”; (5) and “each
day”, resulting in an intake score (range 0—4) for each food item.

2.4. Assessment and Diagnosis of Alzheimer’s Dementia

Participants were assessed with the SIDAM, an established structured interview for the diagnosis
of dementia of the Alzheimer type, multi-infarct dementia and dementias of other aetiology [47,48].
AD was diagnosed by consensus of the interviewing investigator and an experienced geriatrician or
geriatric psychiatrist according to DSM-IV and ICD-10 criteria that are implemented as a diagnostic
algorithm in the SIDAM [47,48]. This algorithm comprises cognitive impairment, as defined by the
total SIDAM cognitive score (SISCO, scoring 0-55 with a higher score indicating a better performance
as the sum of the MMSE score (0-30) and 25 additional items) and impairment of activities of daily
living (ADL) as defined by a score of at least two points on the SIDAM-ADL-scale. For dementia, the
etiological diagnosis of AD was established according to the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) criteria for probable AD [49]. For the diagnosis of vascular dementia, that is, in
case of evidence for cerebrovascular events (Hachinski-Rosen Scale, medical history) and a temporal
relationship between the cerebrovascular event and the occurrence of cognitive decline, the National
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Institute of Neurological Disorders and Stroke and Association Internationale pour la Recherché et
I"’Enseignement en Neurosciences (NINDS-AIREN) criteria were used [50]. Mixed dementia was
diagnosed in cases of cerebrovascular events without temporal relationship to cognitive decline.
Dementia diagnosis in participants who were not personally interviewed was based on the Global
Deterioration Scale [51] and the Blessed Dementia Rating scale [52]. A score of 4 or higher on the
Global Deterioration Scale was used as the criterion for the dementia diagnosis. In these cases, an
etiological diagnosis was established if the information provided was sufficient to judge etiology
according to the above-named criteria. For statistical analyses AD and mixed dementia were combined
into one AD group.

2.5. Neuropsychological Assessment

In addition to the cognitive scale in the SIDAM, participants were assessed with subtests of the
CERAD neuropsychological assessment battery, which was designed to cover the cognitive domains most
commonly affected in AD dementia [53]. The administered CERAD subtests varied across follow-ups,
but always included the immediate and delayed verbal memory subtests of the CERAD. In the present
study, we used the ten-item Word List Immediate Recall subtest (score 0-30), the ten-item Word List
Delayed Recall subtest (score 0-10), and the ten-item Word List Recognition subtest (scored by subtracting
False Alarms from Hits; score 0-10) to quantify objective episodic memory performance. Higher scores
indicate a better memory performance in all subtests. From these subtests we created one total memory
score by standardizing a single subtest to percentages of its possible maximum score (i.e., dividing the
respective score by its maximum score and multiplying the result by 100) and averaging the resulting
three standardized subtest scores to a total CERAD memory score (range 0-100).

2.6. Assessment of Covariates

Information on sociodemographic, clinical, psychometric, and lifestyle data was collected at the
baseline assessment or FU-1 during structured interviews at the participants” homes. For the present
study, education was classified into three levels (low, middle, and high) based on the Comparative
Analysis of Social Mobility in Industrial Nations classification system [54]. For genetic and blood
biomarker analyses blood samples were drawn from each participant at the attending GP practice.
Leucocyte DNA was isolated using the Qiagen blood isolation kit according to the manufacturer’s
instructions (Qiagen, Hilden, Germany). ApoE genotyping was performed according to standard
procedures [55]. Participants were grouped into those with at least one APOE ¢4 allele (homo- and
heterozygous carriers; positive APOE ¢4 status) and those without an €4 allele (non-carriers, negative
APOE ¢4 status). Height and weight measured at FU-3 were used as a proxy for height and weight at
FU-1. BMI was calculated based on weight divided by height squared. Smoking status was assessed
at the baseline visit and used as a proxy for FU-1. Smoking was divided into three categories as
never smoker, former smoker, and current smoker. Assessment of physical activity was evaluated at
FU-1based on Verghese et al. [56] with small modifications. In brief, participants reported the frequency
of usual engagement in each of the six physical activities: bicycling, walking, swimming, gymnastics,
chores/gardening, and a category of other physical leisure activities (e.g., bowling, jogging, or golfing)
using five possible options to answer: (1) “each day”; (2) “several times per week”; (3) “once a week”;
(4) “less than once a week”; and (5) “never”. For the present study, the five frequency categories
whether the participant usually engaged in one of the six physical activities were collapsed into three
categories with the following scoring: “each day” and “several times per week” = 2; “once a week” = 1;
and “less than once a week” and “never” = 0. For each participant, these values (0, 1, or 2) were
summed up across the six activities to a total physical activity score (range 0-12). Depressive symptoms
were assessed by using the short 15-item version of the Geriatric Depression Scale [57], with a cut-off
point of 6 or more used to indicate depressive symptomatology [58]. Regarding comorbidities, we
used a modified score of the Charlson comorbidity index (CCI) [59] as a proxy for disease status.
The diseases included in our modified CCI score based on GP record information and comprised:
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myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease,
rheumatism, diabetes, liver disease, and chronic kidney disease. All diseases were coded whether the
disease was present or not (yes = 1; no = 0), with chronic kidney disease counting double according to
the original CCI score. For each participant, these values (0 or 1) were summed up across the eight
diseases resulting in our total modified CCI score (range 0-9).

2.7. Statistical Analysis

Participant characteristics at FU-1 were cross-sectionally analyzed for the total population and
stratified by gender and APOE &4 status. Differences in participant characteristics between men and
women or between APOE €4 carriers and non-carriers were examined using Student’s f-tests for
continuous variables and Chi-square tests for categorical variables.

Joint modeling [43] of survival data (with time-to-event dichotomous variable “incidence of AD”
as the response variable) and longitudinal data (with the continuous variable “memory decline” as the
response variable) was used to investigate the longitudinal associations between intake of foods and
incidence of AD together with memory decline. J]M combines a Cox proportional hazards sub-model
and a linear-mixed-effects repeated-measures sub-model by linking the respective random effect
terms, thereby accounting for incomplete observed time-varying covariate information and possible
informative dropout. For the linear-mixed-effects model part of the analyses, participant-specific
random intercept terms and random time slopes were incorporated into the models. To examine
whether the intake of the single foods modified memory over time, i.e., velocity, we included interaction
terms between each single food and time in the fixed-effects structure. Results of JM are expressed in
terms of hazard ratios (for time-to-event submodels, with 95% confidence intervals) and coefficient
estimates (for linear mixed-effects submodels, with 95% confidence intervals).

Confounders were selected based on published literature. Five confounders (weight, APOE
¢4 status, physical activity, hypercholesterolemia, and the modified CCI) contained missing values
(Supplementary Table S1). The percentages of missing values ranged from 0.2% (weight) to 3.6%
(APOE &4 status and modified CCI). To account for potential attrition bias, multiple imputation was
used by creating ten different possible copies of the original dataset, in which the missing values were
substituted by imputed values (Table 1). These imputed values were calculated from their predictive
distribution based on the observed data (35). Combined results of the created datasets (n = 10) were
then pooled in a separate pooled dataset, to account for the uncertainty about the missing values.
A description of the procedure is reported (Supplementary Table S2). All models were run using
imputed data.



Nutrients 2018, 10, 852 7 of 19

Table 1. Participant characteristics of the AgeCoDe cohort at follow-up 1.

Participant Characteristics Total Population (1 = 2622) Men (n = 910) Women (1 = 1712) P APOE ¢4 Carriers (n=551)  APOE ¢4 Non-Carriers (n = 2071) P
Age (years) 812+34 809 £34 813 £34 0.001 80.9 £33 812 +35 0.035
Female (n (%)) 1712 (65.3) - - - 358 (65.1) 1354 (65.3) 0.886
BMI (kg/mZ) 259 £33 26.1+28 25.7 £ 3.5 0.003 25.6 +£ 3.1 259 + 3.4. 0.048
APOE ¢4 status (n (%)) 551 (21.0) 193 (21.2) 358 (20.9) 0.886 - - -
Education (1 (%)) <0.001 0.164

Low 1594 (60.8) 483 (53.1) 1111 (64.9) 327 (59.3) 1267(61.2)

Middle 723 (27.6) 220 (24.2) 503 (29.4) 168 (30.5) 555 (26.8)

High 305 (11.6) 207 (22.7) 98 (5.7) 56 (10.2) 249 (12.0)
Physical activity (1 (%)) 0.048 0.252

Low (0> 3) 833 (31.8) 277 (30.4) 556 (32.5) 161 (29.2) 672 (32.5)

Middle (3 < 5) 897 (34.2) 296 (32.5) 601 (35.1) 204 (37.0) 693 (33.5)

High (5-11) 892 (34.0) 337 (37.0) 555 (32.4) 186 (33.8) 706 (34.0)
Smoking (1 (%)) <0.001 0.561

Never 1307 (49.8) 178 (19.6) 1129 (66.0) 277 (50.3) 1030 (49.7)

Past 1125 (42.9) 662 (72.7) 463 (27.0) 229 (41.5) 896 (43.3)

Current 190 (7.3) 70 (7.7) 120 (7.0) 45 (8.2) 145 (7.0)
MCI (1 (%)) 436 (16.6) 121 (13.3) 315 (18.4) 0.001 119 (21.7) 318 (15.4) 0.001
Hypercholesterolemia (1 (%)) 1408 (53.7) 446 (49.0) 962 (56.2) 0.094 317 (57.5) 1091 (52.7) 0.014
Depression (i1 (%)) 298 (11.4) 80 (8.8) 218 (12.7) 0.002 67 (12.1) 231 (11.2) 0.345
Modified CCI score (0-6) (11 (%)) <0.001 0.215

Score 0-2 1866 (71.2) 585 (64.3) 1281 (74.8) 408 (74.1) 1458 (70.4)

Score 3-4 666 (25.4) 284 (31.2) 382 (22.3) 124 (22.5) 542 (26.2)

Score 5-6 90 (3.4) 41 (4.5) 49 (2.9) 19 (34) 71 (3.4)
CERAD memory (score 0-100) 71.7 £13.0 69.3 £12.8 73.0 £13.0 <0.001 69.4 +13.6 723+ 128 <0.001
Time to develop AD (years) 45+£28 42+27 46+£28 0.133 42+27 46+28 0.183
Time to censoring (years) 59+33 57+33 6.0+3.3 0.047 56+33 6.0+33 0.021

Based on imputed data. Data (1 = 2622) are means (+standard deviation or n (%). P < 0.05 was considered statistically significant. Abbreviations: AgeCoDe, German Study on Aging,
Cognition and Dementia in Primary Care Patients; AD, Alzheimer’s dementia; APOE €4, apolipoprotein E ¢4 allele; BMI, body mass index; CCI, Charlson comorbidity index; MCI, mild
cognitive impairment; CERAD; Consortium to Establish a Registry for Alzheimer’s Disease.
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Models were adjusted for socio-demographic factors: age, gender, BMI, education, and APOE
¢4 status (model 1); or additionally to model 1, for the lifestyle factors smoking status and physical
activity, depression, hypercholesterolemia, and a modified CCI score (model 2). We did not adjust for
other single foods because these foods would not account for all dietary factors that affect memory
decline. Moreover, to account for participants” cognitive status at FU-1, the linear mixed model
included the CERAD memory FU-1 score as the first repeated measure.

We aimed to investigate effect modification by APOE €4 status and gender. We tested for
significant effect modification of the longitudinal associations between individual foods and all
outcome variables by APOE ¢4 status and gender, by including a multiplicative interaction term
(food intake frequency x gender X time, or food intake frequency x APOE &4 status x time) in model
2. In the case of a significant interaction term (P < 0.10) for the AD sub-model and/or the memory
decline sub-model of the JM, we stratified the analysis by APOE &4 status or gender to reveal the
strength and direction of the associations in the individual subgroups.

P values are two-sided, and P < 0.05 was considered statistically significant. IBM SPSS Statistics
for Windows (Release 21, IBM Corporation, Armonk, NY, USA) was used for descriptive analyses at
FU-1; and R.3.0.1 under R studio was used for the longitudinal JM analyses.

3. Results

3.1. Participant Characteristics

Participant characteristics are presented for the total study population (81.2 £ 3.4 years, 65.3%
women, 4.5 & 2.8 years to develop AD) as well as by gender and APOE &4 status (Table 1). As compared
to men, women were older (81.3 vs. 80.9 years, P = 0.001), had lower BMI (25.7 vs. 26.1 kg/m?,
P =0.003), lower physical activity (P = 0.048), lower educational level (P < 0.001), lower tendency to
smoke (P < 0.001), higher frequency of Mild Cognitive Impairment (MCI) (18.4% vs. 13.3%, P = 0.001),
more often prevalent depression (12.7% vs. 8.8%, P = 0.002), and less often comorbidities (P < 0.001)
than men, but higher CERAD memory score (73.0 vs. 69.3, P < 0.001) and more years to censoring
(6.0 vs. 5.7, P = 0.047) than men. As compared to APOE ¢4 non-carriers (Table 1), APOE ¢4 carriers had
a lower BMI (25.6 vs. 25.9 kg/m?, P = 0.048), a higher frequency of MCI (21.7% vs. 15.4%, P = 0.001)
and hypercholesterolemia (57.5% vs. 52.7%, P = 0.014), together with lower CERAD memory scores
(69.4 vs. 72.3, P < 0.001) and fewer years to censoring (5.6 vs. 6.0 years, P = 0.021).

Over the 10-year FU, in the total study population (n = 2622), 418 participants developed AD.
Stratified by gender, 107 men and 311 women developed AD, whereas stratified by APOE &4 status,
126 APOE €4 carriers and 292 APOE ¢4 non-carriers developed AD over the period of 10 years.

Food intake frequencies of the study participants are presented for the total population as well as
by gender and APOE ¢4 status (Table 2). Food intake frequencies differed between men and women,
with women reporting a more frequent consumption of fruits and vegetables, and men reporting a
more frequent consumption of fresh fish, olive oil, meat and sausages, red wine, white wine and green
tea (Table 2). Food intake frequencies between APOE ¢4 carriers and APOE ¢4 non-carriers did not
differ significantly for any food item (Table 2).
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Table 2. Food intake frequencies (%) in participants of the AgeCoDe cohort at follow-up 1.

90f19

APOE ¢4
Total Population Men Women
Food Intake Frequencies (%) Carriers Non-Carriers
(n =2622) n=910) (n=1712) (n =551) (n =2071)
Fruits and vegetables @
Never 0.3 0.4 0.2 0.2 0.3
<1 time/week 0.2 0.3 0.1 - 0.2
1 time/week 0.5 1.0 0.2 04 0.5
Several times/week 14.8 18.5 129 17.1 14.2
Every day 84.2 79.8 86.6 82.4 84.7
Fresh fish
Never 7.2 6.7 7.5 6.7 7.3
<1 time/week 30.0 26.6 31.8 31.2 29.6
1 time/week 449 49.0 42.7 423 45.6
Several times/week 17.8 17.4 18.0 19.6 17.3
Every day 0.2 0.3 0.1 0.2 0.1
Olive oil
Never 36.3 32.1 38.6 38.3 35.2
<1 time/week 12.2 13.0 11.9 10.3 12.5
1 time/week 8.2 7.7 8.5 9.1 7.8
Several times/week 32.2 35.8 30.2 32.7 31.5
Every day 11.1 114 10.9 9.6 13.0
Meat and sausages ?
Never 1.1 0.7 1.3 1.5 1.0
<1 time/week 2.6 1.0 3.4 2.7 2.5
1 time/week 8.5 3.5 11.2 9.6 8.2
Several times/week 51.3 45.9 54.1 499 51.6
Every day 36.6 48.9 30.1 36.3 36.7
Red wine
Never 52.2 38.6 59.4 52.3 52.1
<1 time/week 20.4 22.0 19.6 214 20.2
1 time/week 9.2 11.3 8.1 9.1 93
Several times/week 10.7 16.7 7.5 9.8 10.9
Every day 75 114 5.4 74 75
White wine
Not at all 64.4 51.4 71.3 61.9 65.1
<1 time/week 20.6 25.3 18.2 22.0 20.3
1 time/week 6.1 9.6 43 7.3 5.8
Several times/week 7.0 11.1 4.8 6.9 7.0
Every day 1.9 2.6 1.5 2.0 1.8
Coffee
Never 13.2 13.0 13.3 13.1 13.2
<1 time/week 52 5.9 4.8 4.2 5.5
1 time/week 34 3.8 3.1 3.1 3.5
Several times/week 6.6 7.3 6.3 6.2 6.7
Every day 71.6 70.0 72.5 73.5 71.1
Green tea
Never 67.7 71.1 65.9 69.3 67.3
<1 time/week 12.6 12.0 12.9 11.1 12.9
1 time/week 5.0 3.2 6.0 44 5.2
Several times/week 8.2 5.8 9.5 7.8 8.4
Every day 6.4 7.9 5.6 74 6.2

Data (n = 2622) are (%). Abbreviations: AgeCoDe, German Study on Aging, Cognition and Dementia in Primary
Care Patients; APOE ¢4, apolipoprotein E €4 allele. # After collapsing categories to have at least n = 5 per category,
chi-square tests revealed significant differences in the frequency (percentages are bolded) of dietary intakes for
fruits and vegetables, fresh fish, olive oil, meat and sausages, red wine, white wine and green tea between men and

women only. P < 0.05 was considered statistically significant.
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3.2. Longitudinal Associations Between Food Intake and Incident AD or Memory Decline in JM

In the JM of AD and memory decline (Table 3 and Table S3), higher red wine intake was
significantly associated with lower incidence of AD in both model 1 and model 2 (model 2: HR = 0.92;
95% CI: (0.85, 0.99); P = 0.045). No significant associations between higher intakes of the single foods
and AD and memory decline were observed in these JM. Furthermore, additional adjustment for food
combinations, excluding the food under investigation, did not change the results.

Table 3. Longitudinal joint modeling associations between food intake and incident AD and memory
decline over a 10-year follow-up period.

o .
HR (95% CD) for Incident AD and Significant P-Values for Interaction

Associations between Food UnstandardizedRegression Coefficients (P < 0.10)
Intake and Incident AD or (95% CI) for Memory Decline .
Memory Decline Model 2 Gender APOE ¢4 status
Incident AD
(survival sub-model) HR (95%CI) P
Fruits and vegetables 1.08 (0.80; 1.46) 0.609 - 0.085
Fresh fish 0.98 (0.87;1.11) 0.754 - -
Olive oil 1.00 (0.93; 1.07) 0.969 - -
Meat and sausages 1.09 (0.94; 1.26) 0.236 - 0.083
Red wine 0.92 (0.85; 0.99) 0.045 0.001 -
White wine 1.00 (0.91; 1.12) 0.875 - 0.074
Coffee 0.97 (0.90; 1.04) 0.338 - -
Green tea 0.94 (0.86; 1.02) 0.129 - -
Memory decline
(repeated-measures sub-model) B (95%CI) P
Fruits and vegetables 0.10 (—0.14; 0.33) 0.408 - -
Fresh fish —0.03 (—0.14; 0.08) 0.610 - -
Olive oil —0.03 (—0.09; 0.04) 0.388 0.064 -
Meat and sausages 0.01 (—0.11; 0.14) 0.845 - -
Red wine —0.04 (—0.11; 0.03) 0.302 - -
White wine —0.03 (—0.12; 0.06) 0.494 0.085 -
Coffee —0.02 (—0.08; 0.05) 0.241 - 0.056
Green tea 0.02 (—0.06; 0.09) 0.681 - -

Based on imputed data (n = 2622). Model 2 was adjusted for age, gender, BMI, education, APOE ¢4 carrier status,
smoking status, physical activity score, depression, hypercholesterolemia, and a modified CCI score (for model
1 see Table S3 in the Supplementary Materials part). P < 0.05 was considered statistically significant. Abbreviations:
HR, hazard ratio; AD, Alzheimer’s dementia; BMI, body mass index.

We found evidence for effect modification of the association between intake of red wine and
incident AD by gender, as well as of the association between intakes of fruits and vegetables, red wine,
meat and sausages, white wine, and coffee and incident AD by APOE &4 status (Table 3). In addition,
we found evidence for effect modification of the association between intakes of olive o0il and white
wine and memory decline by gender (Table 3).

We performed stratified analyses of JM of AD and memory decline only when there was evidence
for effect modification (Pinteraction < 0.10) by gender or APOE ¢4 status (Tables 3 and 4).
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Table 4. Analyses stratified by gender or APOE ¢4 status (performed only when P for interaction
<0.10 in the main analyses, as shown in Table 3).

Incidence of AD (Model 2) Memory Decline (Model 2)
HR (95% CI) p B (95% CI) P

Food Intake (Score 0—4)

By gender
Olive oil
Men (n = 910) 0.06 (—0.05; 0.16) 0.285
Women (n = 1712) —0.08 (—0.16; 0.01) 0.065
Red wine
Men (n = 910) 0.82 (0.74; 0.92) <0.001
Women (n = 1712) 1.15 (1.00; 1.32) 0.044
White wine
Men (n = 910) 0.04 (—0.09; 0.17) 0.562
Women (n =1712) —0.13 (—0.26; 0.001) 0.052
By APOE ¢4 status
Fruits and vegetables
APOE ¢4 carrier (n = 552) 1.29 (0.73; 2.27) 0.388
APOE &4 non-carrier (n = 2070) 1.17 (0.88; 1.55) 0.287
Meat and sausages
APOE ¢4 carrier (n = 552) 1.13 (0.90; 1.42) 0.293
APOE ¢4 non-carrier (n = 2070) 1.04 (0.87;1.22) 0.615
White wine
APOE ¢4 carrier (n = 552) 1.21 (1.01; 1.46) 0.044
APOE ¢4 non-carrier (n = 2070) 0.93 (0.82; 1.06) 0.245
Coffee
APOE ¢4 carrier (n = 552) 0.11 (—0.06; 0.29) 0.202
APOE &4 non-carrier (n = 2070) —0.04 (—0.11; 0.02) 0.211

Based on imputed data (n = 2622). Model 2 was adjusted for age, BMI, education, smoking status, physical activity
score, depression, hypercholesterolemia, modified physical comorbidity (CCI score) and APOE &4 status (for the
gender-stratified analyses) or gender (for the APOE ¢4 stratified analyses). P < 0.05 was considered statistically
significant. Abbreviations: AD, Alzheimer’s dementia; APOE ¢4, apolipoprotein E ¢4 allele; HR, hazard ratio;
JM, joint modelling.

Stratified by gender (Table 4, data for model 1 not shown), higher red wine intake was associated
with a lower incidence of AD among men (model 2: HR = 0.82; 95% CI: (0.74, 0.92); P < 0.001),
whereas higher red wine intake was associated with a higher incidence of AD among women (model 2:
HR =1.15; 95% CI: (1.00, 1.32); P = 0.044). In addition, we observed that higher white wine intake and
higher olive oil intake were borderline significant associated with a more rapid decline of memory
decline in women (model 2: —0.13; 95% CI: (—0.26, 0.001); P = 0.052, and —0.08; 95% CI: (—0.16, 0.01);
P = 0.065, respectively). Stratified by APOE &4 status (Table 4, data for model 1 not shown), higher
white wine intake was associated with a higher incidence of AD among APOE ¢4 carriers (HR =1.21;
95% CI: (1.01, 1.46); P = 0.044 for model 2). No significant associations were observed between higher
fruits and vegetables or meat and sausages intakes and incident AD, and higher coffee intake and
memory decline.

4. Discussion

To our knowledge, our study is the first to investigate the association between dietary food intake
and incident AD and memory decline in a German population. Overall, we found that higher red
wine intake was associated with lower incidence of AD over a 10-year FU. Interestingly, these and
various other associations between intakes of foods (especially red wine and white wine) and incident
AD or memory decline were modified by gender or APOE ¢4 status.

4.1. Red Wine and White Wine

Red wine, more than white wine, was consumed at least once per week by about 40% of men
and 20% of women in our sample. We found that higher red wine intake was associated with
a lower incidence of AD. However, stratified analyses revealed that this was only true among
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men, as in women we rather found an increased risk for incident AD. Consistent with this, we
also found an association between higher white wine intake and a more rapid memory decline in
women. Epidemiological studies suggest that moderate consumption of red wine may prevent or
slow age-related neurodegenerative diseases [15,60,61]. Red wine has been frequently studied with
regard to cognitive decline because red grapes are one of the richest sources of polyphenols, such as
resveratrol, quercetin, and catechins, that may counteract cognitive decline and AD in a multi-target
manner [60,62,63]. However, it is not clear if the effect of red wine intake can be attributed to these
nutrients. For example, Weyerer et al. (2011) observed an association between light to moderate alcohol
intake (regardless of type of alcoholic beverages) and decreased incidence of AD [64].

Our findings could, thus, be ascribed to the alcohol content of red and white wine. Whereas in
several epidemiological studies light-to-moderate drinking of alcoholic beverages has been shown to
be protective against cognitive decline and AD [65], higher daily intakes or abuse of alcohol have also
been shown to be detrimental for brain function due to an U-shaped dose-response relationship [66,67].
Furthermore, higher white wine intake was associated with an increased risk of AD among APOE
€4 carriers. These findings are in line with two literature reviews concluding that the effects of moderate
wine consumption are more likely among APOE &4 non-carriers [65,68].

4.2. Coffee

In our German study population, higher coffee intake was not associated with memory decline
or incident AD despite an indication for effect modification by APOE ¢4 status regarding memory
decline. Coffee consumption may affect cognitive functions due to antioxidant, anti-inflammatory;,
or neuroprotective properties of phytochemicals found in coffee, including significant amounts of
chlorogenic acid and caffeine [69-72]. In line with our findings, a recent meta-analysis of eleven
prospective studies did not find an association between coffee consumption and measures of cognitive
decline. However, a reduced risk for AD of high versus low intakes of coffee was reported [18].
To our knowledge, two other studies investigated effect modification by APOE &4 status for the risk
of AD or dementia related to coffee, both studies found no significant P values for interaction [73,74].
Eskelinen et al. (2009) reported the association between moderate coffee consumption and a lower risk
for dementia in both APOE ¢4 carriers and non-carriers [73].

4.3. Olive Oil

Olive oil is not so common in the German diet as in Mediterranean countries, with only about
50% of our sample consuming it at least once per week. We observed no association between high
olive oil intakes and incident AD or memory decline. If any, there was a trend towards higher olive oil
consumption to be related with stronger memory decline in women, contrary to expectations. Berr et
al. (2009) showed that intensive olive oil intake was associated with lower odds of cognitive deficit in
visual memory and verbal fluency and decline in visual memory [16]. However, most participants
had a moderate to intensive consumption. In addition, the PREDIMED-NAVARRA Randomized
Control Trial observed, in participants who were supplemented extra-virgin olive oil in combination
with the Mediterranean diet a better cognitive function in comparison with a control diet, however,
no associations were found for most cognitive domains [75]. Compared to the omega-3 fatty acids
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) present in fish oil that play a pivotal
role in brain functions [76], oleic acid, linoleic acid, and palmitic acid present in olive oil do not have
specific roles in brain function.

4.4. Fruits and Vegetables

Fruits and vegetables have been widely studied in relation to global cognitive and memory
decline [17,77,78]. We observed no associations between higher fruits and vegetables intake and our
assessed outcomes. This is in line with a systematic review of cohort studies [17], reporting that
those studies that analyzed fruits and vegetables combined, did not find an association with global
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cognition, while studies analyzing fruits and vegetables separately found an inverse association with
vegetables only, indicating that evidence for a protective role of fruit consumption in global cognition
is insufficient [17].

4.5. Meat and Sausages

Meat and sausage products have not been widely studied with regard to cognitive decline. In our
study, we did not observe an association of higher meat and sausages intake with incident AD or
memory decline, although we observed an interaction with APOE €4, possibly indicating that APOE
¢4 carriers with a higher intake of meat and sausages are at increased risk for AD. Single studies have
reported that high meat intake, especially red and processed meat products, investigated individually
or as part of an “unhealthy” dietary pattern were positively [11,22,23,79] or not [24] associated with
cognitive decline. Concerns with regard to meat products are mainly related to the saturated fatty
acids in animal fats as well as the heme iron in red meat, which are both risk factors of vascular
disease [11,80]. Otherwise, meat provides high-quality protein [81] and other essential nutrients and
functional components [82] with possible benefits for cognitive functioning.

4.6. Fresh Fish

We did not find a significant association between fresh fish intake and of incident AD or memory
decline. Seafood and fish intake, rich in brain-protective nutrients, including n-3 fatty acids [83], have
been repeatedly associated with better cognitive function and reduced cognitive decline or lower
incidence of dementia, including AD [14,84,85]. Possible reasons that we did not observe a significant
association between fresh fish intake and incident AD and memory decline in our study could be that
in Germany about one third of consumed fish is freshwater fish, providing no meaningful amounts of
omega-3 fatty acids as compared to sea fish. Moreover, when assessing “fresh fish” only, we might not
have captured all intakes of fish.

4.7. Green Tea

In contrast to our study, other cohort studies in elderly Asian adults reported less cognitive
decline with higher green tea intake [21,86] rich in antioxidant, anti-inflammatory, and neuroprotective
phytochemicals such as flavonoids, catechins [87-89], and caffeine [71,72]. In our study higher green
tea intake were not significantly associated with incident AD or memory decline. This opposite
finding in our German cohort where green tea is not a traditional, but a modern “health food”, may be
explained by the ethnic and genetic background resulting in different metabolic responses to green tea
among Asian and Caucasian individuals [90].

4.8. Strengths and Limitations

Our study has several important strengths. First, the large multi-center GP-based sample that
allowed investigating individuals across Germany and the long observation period of 10 years.
Second, standardized assessments of cognitive function were performed every 18 months, allowing
for the analysis of decline trajectories and for the early detection of incident cases with dementia.
Third, most effects hold true after adjusting for a range of important confounders. Fourth, we made
use of the JM statistical technique to make optimal use of the available information on repeated
CERAD memory measures and incident AD, with memory decline being linked to AD. An important
strength of analyzing these outcomes in JM simultaneously is to increase precision, as observed in
previous studies [41-43]. Furthermore, inclusion of dropout time into the model may help to account
for unbiased estimates of cognitive decline in the presence of missing data and inclusion of the
information of longitudinal cognitive assessments may also help to address potentially informative
censoring in the survival part of the model [43].

On the other hand, our study also has limitations. Most important, we were limited to the eight
predefined food groups included in the cognitive health screener as we were not able to assess dietary
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food intake using a more extensive food frequency questionnaire. In addition, some promising food
groups in relation to cognitive health, such as green leafy vegetables, berries, and fatty fish, could not
be assessed as they were collapsed into one ‘fruits and vegetables’ group or one ‘fresh fish” group.
Finally, we cannot fully exclude some reverse causation bias due to changes in dietary habits some
time before the onset of dementia. However, the fact that results remained virtually identical for red
wine intake after excluding subjects with MCI (HR = 0.92 vs HR = 0.93) makes such a reverse causation
bias less likely. Given the long build-up of AD pathology, longitudinal dietary assessments starting in
mid-life would be needed to address this issue.

Moreover, dietary assessment by our food intake screener may have been subject to measurement error
and bias: systematic error because we were not able to adjust for total energy intake; recall bias because
participants may not have accurately remembered their food intakes; non-differential misclassification
possibly leading to bias towards the null [91]; and selection or survival bias because we investigated
elderly participants, increasing the likelihood that cognitively normal individuals with comorbidities in an
advanced stage were too sick to be enrolled in the AgeCoDe study at baseline or died before the age of
75 years. However, similar short food intake screeners have been shown to be valid for assessing intake of
specific food items in older adults [92,93]. In addition, these screeners reduce the burden for respondents
and interviewers and provide a reasonably accurate ranking of intake, similar to that of a full-length dietary
questionnaire [94]. While the methodological limitations of our food intake screener may have introduced
noise to the resulting data, this does not compromise the significance of the main and interaction effects we
found. Furthermore, based on the results observed in previous studies [39,75,95,96], we expected small
effect sizes in the associations between dietary food intake and outcomes of cognitive decline. A limitation
of the analysis strategy used here is that it did not enforce strict type 1 error control by application of
correction procedures for multiple testing. However, all single foods studied here had some prior evidence
for being associated with dementia, and were not studied in a shotgun manner.

5. Conclusions

In conclusion, we found no evidence for the single foods studied to be protective against memory
decline and AD, with the exception of red wine, which reduced the risk for AD only in men, while
increasing it in women. Women appear to be more susceptible to detrimental effects of alcohol in
general, as they experienced also a steeper memory decline with higher white wine intake. We also
found some evidence for effect modification by APOE ¢4, with hazard ratios for incident AD being
consistently higher in APOE ¢4 carriers for several food items studied. This should motivate further
studies regarding effect modification in nutritional epidemiology, as a step towards personalized
dietary recommendations in old age.
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