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Introduction: This study examines the effects of a structured nutritional counseling 
intervention for individuals with mild cognitive impairment (MCI) via synchronized 
online courses conducted bi-weekly over six months.

Methods: This work presents a secondary analysis of the BrainFit-Nutrition study, which 
explored the impacts of both 1) dietary counseling interventions (comparing a Whole 
Food Plant-Based (WFPB) diet with a diet based on the German Nutrition Association 
guidelines or Deutsche Gesellschaft für Ernährung, DGE) and 2) standardized versus 
individualized computer-based cognitive training, within a 2x2 factorial randomized 
controlled trial design for participants with MCI. While the primary outcome of 
the BrainFit-Nutrition study assessed the impacts of diet and cognitive training on 
cognitive performance, this secondary data analysis focuses on dietary habits and 
their changes over time. Dietary behaviors in 261 participants (52.2% female), aged 
between 60 and 86 years, were monitored using food frequency questionnaires 
at baseline (t0), post-intervention (t6), and at a 12-months follow-up (t12). Short-
term (t6) and long-term (t12) dietary pattern effects were analyzed by comparing 
consumption frequencies across various food categories between the dietary groups, 
employing ANCOVAs with baseline values (t0) as covariates for exploratory analysis.

Results: Throughout the intervention period, most participants in both groups maintained 
an omnivorous diet, with minimal shifts towards pescatarian, ovolacto-vegetarian, 
and vegan diets, especially in the WFPB group, which saw a minor increase in vegan 
and ovolacto-vegetarian participants by the end of the study. Across both dietary 
groups, vegetable, fruit, and whole grain consumption remained steady, with no 
notable intergroup differences. A decrease in meat, fish, and egg consumption was 
observed in both groups, with a more marked reduction in the WFPB group.

Discussion: These findings suggest that while targeted dietary interventions 
can foster healthier dietary patterns among MCI patients, the type of dietary 
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choices may be less impactful for individuals with MCI than participation in dietary 
interventions in general. Further prospective research is warranted to clarify the 
potential benefits of dietary adjustments on cognitive health and to refine dietary 
guidance tailored to this specific population.

KEYWORDS

whole food plant-based diet, planetary health diet, vegetarian, vegan, dietary patterns, 
cognitive health, mild cognitive impairment, online nutritional counseling

1 Introduction

Growing evidence suggests an impact of dietary patterns on 
cognitive functions (1, 2). Established dietary regimens such as the 
MIND Diet (Mediterranean-DASH Intervention for Neurodegenerative 
Delay), MedDiet (Mediterranean Diet) and DASH Diet (Dietary 
Approaches to Stop Hypertension) emphasize the consumption of 
whole plant-based foods (2). These diets have been associated with 
reductions in inflammatory markers (3–6). Current findings from the 
German Center for Neurodegenerative Diseases (German: Deutsches 
Zentrum für Neurodegenerative Erkrankungen e.V., DZNE) 
longitudinal study suggest protective effects of the Mediterranean diet 
against cognitive decline and dementia (7). A recent randomized 
controlled pilot trial showed that comprehensive lifestyle changes, 
including a whole food, minimally processed plant-based diet – high 
in complex carbohydrates from fruits, vegetables, whole grains, 
legumes, seeds, and nuts, while avoiding harmful fats, refined 
carbohydrates, and sweeteners – may significantly improve cognitive 
function in individuals with mild cognitive impairment or early-stage 
Alzheimer’s disease (8). It is pertinent to note the potential ameliorating 
effects of whole food plant-based diets (WFPBD) on conditions 
commonly related to cognitive decline as potential risk factors, such as 
cardiovascular diseases, type 2 diabetes, hyperlipoproteinemia and 
obesity (9–13). Associations between these highly prevalent conditions 
and dementia have been observed (14, 15), and evidence suggests that 
even modest weight loss may positively influence cognitive 
performance (15, 16). Plant-based diets have been successfully used in 
intervention studies for treating type 2 diabetes (10, 11) and coronary 
heart disease (13, 17). Further, a randomized controlled trial (RCT) 
showed that a WFPBD can lead to effective and sustainable weight loss 
(16). Given that cardiovascular disease, type 2 diabetes mellitus, and 
obesity are associated with the occurrence of dementia, and a weight 
loss of only 2 kg can be  accompanied by improved attention and 
memory performance (15), it seems plausible that a plant-based diet 
may have the potential to positively impact Mild Cognitive Impairment 
(MCI) symptoms.

The relevance of dietary habits for various health outcomes is 
well-documented. Dietary choices are associated with risks for several 
non-communicable chronic diseases (NCDs). Approximately 11 
million premature deaths among adults could possibly be prevented 
by transitioning from average western dietary patterns, which often 
include highly processed foods rich in saturated fats, sugars, and salt, 
to a WFPBD (18). Data suggests that a WFPBD may be protective 
against a range of conditions associated with a higher risk for dementia 
including diabetes mellitus, arterial hypertension, other (chronic) 
cardiovascular disorders, and specific cancers (19–23). This protective 
effect is partly attributed to a reduced intake of animal proteins (24, 
25). Additionally, phytochemicals, dietary fiber, and plant proteins 

have been investigated for their potential health benefits, including 
anti-inflammatory and cholesterol-lowering effects amongst others 
(20, 26, 27). Given that MCI may be  associated with micro-
inflammatory processes (28) and only plant foods and fungi can 
contain certain anti-inflammatory, bioactive substances such as 
phytochemicals and dietary fiber (26), it is worthwhile to further 
investigate potential neuroprotective effects of plant-based diets in 
well-planned clinical trials. Although fungi belong to a distinct 
taxonomic kingdom separate from plants, they are often included in 
discussions of plant-based diets due to their perceived “plant” role in 
society and academia in such dietary patterns. For practical purposes 
in this context, we will categorize fungi along with plants. There is 
evidence that certain plant foods such as green leafy vegetables (29), 
mushrooms (30), soy products (31), blueberries (32, 33), nuts (34, 35), 
cocoa (36) and green tea (37, 38) as well as certain herbs and spices 
(e.g., turmeric (39)) may exert anti-inflammatory and neuroprotective 
effects and may improve cognitive functions (40, 41). Increasing 
dietary fiber intake to approximately 34 grams per day may represent 
an effective strategy to counteract cognitive decline, as it has been 
shown to enhance specific aspects of cognitive function in older adults 
(42). The National Health and Nutrition Examination Survey 
conducted between 2011 and 2014 assessed mushroom consumption 
in adults aged 60 years and older. The study reported that regular 
mushroom intake, which provides antioxidants and vitamin D, was 
associated with performance on specific cognitive tests and may 
contribute to a reduced risk of cognitive decline (43). Furthermore, 
data indicated that participants consuming mushrooms performed 
better across multiple cognitive domains compared to non-consumers, 
with those consuming one or more portions per week achieving the 
highest scores (44). In addition, another study found that the 
consumption of edible mushrooms and algae was significantly 
associated with a lower risk of cognitive impairment in older adults 
(45). In a recent longitudinal study observing 92,383 adults over 
28 years, daily consumption exceeding 7 grams of olive oil was linked 
to a 28% reduced risk of death from dementia, compared to 
individuals who never or rarely consumed olive oil (46).

It is important to note that adherence to a healthy plant-based diet, 
which includes whole grains, fruits, vegetables, nuts, legumes and tea, is 
associated with maintaining functional well-being in middle-aged and 
older adults. In contrast, diets that emphasize less healthy plant-based 
foods, such as fruit juices, refined grains, sugar-sweetened beverages, 
and sweets, have been linked to detrimental outcomes (47). Regarding 
the detrimental effects of unhealthy nutrition on cognitive health, there 
are relevant indications of associations between increased consumption 
of fructose, particularly through industrial sweeteners such as high 
fructose corn syrup, found in most processed foods, and cognitive 
impairment, including reduced brain volume and memory impairment, 
and a possible reduction in blood flow to critical brain areas such as the 
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hippocampus and thalamus (48–50). It has been hypothesized that these 
regions may exhibit early metabolic decline in Alzheimer’s disease (51). 
On the other hand, the intake of a high quantity of vegetables and fruits 
seems likely to confer positive effects on cognitive function across the 
lifespan, with advantages particularly for the elderly (52).

While some reviews have examined potential benefits of specific 
micronutrients on cognitive function in individuals with MCI or 
dementia, the results have been inconsistent so far (53–55). This raises 
the question of whether a comprehensive dietary approach, rather 
than isolated nutrient supplementation, might be more relevant and 
effective for cognitive health (52, 56–60).

This secondary data analysis is part of the BrainFit-Nutrition study, 
a 2×2 factorial RCT involving participants with MCI (61). It utilizes 
longitudinal data from the nutritional intervention segment of the trial. 
The main objective of this analysis is to conduct a detailed examination 
of changes in dietary patterns at baseline (t0), six-month (t6), and twelve-
month (t12) intervals measured by a food frequency questionnaire (FFQ).

2 Materials and methods

2.1 Study design

The design of the main study and its protocol have been previously 
published (61). In short, the main study investigated in a 2×2 factorial 
design whether different kinds of online nutritional group counselling 
and computerized cognitive training (CCT) have an impact on the 
cognitive abilities of patients with diagnosed MCI. In regard to the 
factor nutritional group counselling, the intervention comprised 
either a whole food plant-based diet (WFPB) or a healthy omnivorous 
diet based on the guidelines of the German Nutrition Society (DGE – 
“Deutsche Gesellschaft für Ernährung”). With respect to the 
computerized cognitive training (CCT), the intervention consisted of 
either a basic learning platform for cognitive training (basic CCT; 
bCCT) or an intervention focused on an adaptive self-learning 
platform for cognitive training (individualized CCT; iCCT).

While the CCT intervention was double-blind, the online nutritional 
group counselling naturally could only be  single-blind, since the 
nutritional counselors delivering their respective intervention had to 
be aware of the specific guidance in order for them to provide them.

As this secondary data analysis focuses on dietary changes only, 
the factorial design of 2×2 groups used in the main study was 
collapsed into a simple 2-group design for which data were sampled 
over three time points (t0, t6 and t12) (61). That is, groups were 
distinguished hitherto only by means of the dietary intervention 
scheme applied in their group (WFPB vs. DGE), irrespective of the 
cognitive training scheme allocation.

The study procedures obtained approval from the Ethics 
Committee of Friedrich-Alexander-Universität Erlangen-Nürnberg’s 
medical faculty (Ref.: 21-318_1-B), and the study was registered at the 
International Standard Randomized Controlled Trial Number 
Registry (ISRCTN 10560738).

2.2 Eligibility of participants

Individuals interested in the study could schedule a screening 
appointment via the project homepage. During the screening, an 

examination of basic cognitive functions was conducted, using the 
Mini-Mental State Examination (MMSE) and the Montreal Cognitive 
Assessment (MoCA) in combination to distinguish between normal 
cognition, MCI, and dementia. Those who met the inclusion criteria 
were informed about the study and invited to participate.

Participants were eligible for inclusion in the study based on the 
following criteria: 1. Age 60 years or older; 2. Diagnosis of MCI, 
operationalized by a MoCA score of ≤24 and an MMSE score of ≥24; 
3. Possession of a computer, laptop, or tablet (Windows, Linux, or 
MacOS) equipped with a microphone, camera, and internet access; 4. 
Provided informed consent.

Exclusion criteria were established as follows: 1. Complete 
blindness or deafness; 2. Lack of access to a personal computer, laptop, 
or tablet with internet access; 3. Normal cognitive function, defined 
as a MoCA score > 24; 4. Diagnosis of dementia, defined as an MMSE 
score < 24; 5. Acute depression, operationalized by a PHQ-9 
score ≥ 12; 6. Other psychiatric or neurologically diagnosed diseases: 
psychosis, Parkinson’s disease, multiple sclerosis, strokes, substance 
abuse, serious brain diseases, severe vitamin B deficiency.

2.3 Outcomes

The primary outcome of the main study was the assessment of 
cognitive impairment and its progress over time as measured with the 
MoCA test. These results will be published elsewhere. Key additional 
secondary outcomes include cognitive function, evaluated by using 
the MMSE and a computerized cognitive test battery, measured at the 
t0, t6 and at a 12-months follow-up (t12).

The current exploratory study focused on the dietary behavior 
and its changes following the two dietary interventions between 
baseline, t6 and t12. Dietary behavior was assessed using the 125-item 
FFQ of the German Health Examination Survey for Adults (German: 
“Deutsches Erwachsenen Gesundheitssurvey 1,” DEGS1), modified 
and extended on both plant-based and animal-based foods as well as 
neuroprotective foods to assess the frequency at which different food 
groups are being consumed; for details see 2.5 (62).

2.4 Recruitment and randomization

The sample size was determined for the main study with the four 
groups of the original 2×2 design (Factor 1: WFPB vs. DGE, Factor 2: 
iCCT vs. bCCT) and resulted in 50 participants per group, i.e., 200 
participants in total (61, 63). Since the study was conducted entirely 
online, participants were recruited from the general population from all 
over Germany. During the period between January and September 2022, 
1,111 German residents aged 60 and above were screened for MCI. From 
the 326 positively MCI-diagnosed participants, 271 gave their written 
consent to participate, and were randomized into one of the four groups.

2.5 Survey instruments

This study used a modified version of the DEGS1 FFQ (62): of the 
original questionnaire, 50 items were retained, 25 were modified, and 57 
items were self-designed to assess the consumption frequency of relevant 
plant-based and animal-based foods, as well as neuroprotective 
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ingredients (Supplementary Table 1). While the original DEGS1 FFQ 
has undergone relative validation, our modified version has not yet been 
validated. Conducting such an FFQ validation would have required a 
large sample size, which was not feasible within the scope of this study. 
Previous research (64) highlights that validating FFQs is highly resource-
intensive and demands a large number of participants, which is why, in 
most cases, modified FFQs are not classically validated. For this reason, 
we also decided against pursuing validation to maintain the feasibility 
and focus of this investigation. The original DEGS1 FFQ was tested 
among participants of the DEGS1 study, demonstrating reasonable 
validity in assessing the dietary patterns of German adults (64).

Data presented in this work focus on food group recommendations 
from official German dietary guidelines (e.g., vegetables, fruits, legumes 
and whole grains; animal products such as milk, certain dairy products, 
meat, fish, and eggs), plant-based alternatives (including plant-based 
milk and plant-based spreads), as well as the consumption frequency of 
specific food items regarded as protective of patients’ brain health (e.g., 
berries, leafy vegetables, broccoli, mushrooms, seeds, unsalted nuts and 
walnuts, herbs, and green tea). The analysis also highlights items 
potentially harmful to mental health (e.g., fast food, snacks, and sweets 
such as fried sausages, savory snacks and chips, pastries, sugary spreads, 
chocolate and chocolate bars, sweets, and sugared and light beverages, 
and alcoholic drinks). An additional question assessed the frequency of 
cooking, asking participants how often per week they prepare a hot 
meal (lunch or dinner) for themselves from basic ingredients/fresh 
food, with response options ranging from ‘daily’ to ‘never’.

As the DEGS1 FFQ collects data (for most items) about both the 
consumption frequency per month/week/day as well as the amount 
per meal (in pre-defined servings sizes), data was collapsed into 
servings per month/week/day to allow for easy comparison.

Classification of participants into omnivore, pescatarian, ovo-lacto 
vegetarian and vegan followed participants’ statements in the DEGS1 
survey. Participants stating consumption of red meat, poultry, cold 
cuts or meat-based fast food at all were classified as “omnivores,” 
independent of the amount or consumption frequency of these food 
items. Participants who were not omnivores, but consumed fish were 
labeled as” pescetarians.” Participants who were consuming neither 
meat-based nor fish-based dishes were labeled as “ovo-lacto 
vegetarians” if they consumed eggs, animal milk, or produces derived 
from animal milk. If they abstained from consuming any meat, fish or 
food produced by animals, they were finally classified as “vegans.”

2.6 Data collection

FFQ data were collected online at baseline, t6 and t12. Data were 
managed using REDCap, a web-based platform hosted at Charité 
Berlin. This system was used to provide the FFQ, which participants 
accessed through a personalized link provided via email.

Adherence to the online nutritional group counselling was tracked 
in a table using pseudonyms, with participants encouraged to 
communicate cancelations in advance.

2.7 Statistical analysis

As mentioned above, the current study focuses on dietary changes 
only, the factorial design of 2×2 groups used in the main study was 

collapsed into a simple 2-group (WFPB vs. DGE) design with three 
time points (t0, t6 and t12) (61). Both immediate and long-term 
effects were analyzed between groups using separate analyses of 
covariance (ANCOVAs). To estimate immediate effects, for each food 
category differences between the groups at t6 were compared using an 
ANCOVA, with baseline (t0) values for that food category as a 
covariate. To estimate corresponding long-term effects, this procedure 
was then repeated between t12-values for the two groups and baseline 
values as covariates (61). However, to estimate immediate (t0 to t6) 
and long-term changes (t0 to t12) in the diet type, relative frequencies 
were compared between groups by means of a logistic regression for 
t6 values or t12 values, respectively, with group and t0 values 
as covariates.

Next, to these between-group comparisons, we  also analyzed 
intragroup changes between t0 and t6 (immediate effects) as well as 
between t0 and t12 (long-term effects) by means of missing values, 
which were imputed using the MICE algorithm for multiple 
imputations for the secondary analyses presented in this study. 
Imputation and all statistical analyses were performed using custom 
written scripts in Python (version 3.12, along with the tools 
statsmodels, scipy and sklearn).

All analyses were conducted on an exploratory level only. Thus, 
differences for which p < 0.05 were obtained are regarded as 
interesting as possible outcomes for upcoming studies, but the 
resultant differences are not regarded as significant in the sense of 
confirmatory evidence. Consequently, all p < 0.05 are interpreted only 
as so called “exploratively” and thus labeled as interesting for a future 
study, but not as significant.

2.8 Nutritional concepts and interventions

2.8.1 Online nutritional group counselling
Detailed information on the design of the online nutritional group 

counselling has been published previously (61). Nutritional courses 
were conducted online via Microsoft Teams, an online meeting 
software. Access was facilitated through webMODYS, a participant 
management system hosted on a secure server, which emailed 
participants a direct access link for pseudonymized entry, requiring 
no additional registration or software installation. Participants were 
required to have a stable internet connection, as well as a microphone 
and video camera for participation.

The online nutritional group counselling sessions were based on 
either a WFPB diet or a DGE diet, spanning 12 sessions over six 
months (each lasting 90 min and held biweekly). Each session was 
attended by 10–25 participants. The sessions were conducted on the 
same evening, consecutively, and were led by two distinct course 
instructors professionally trained in nutrition. Table  1 provides a 
general overview of the 12 sessions for both intervention groups, 
which were standardized in their structure. After 6 months 
participants were free to keep the new nutritional instructions or go 
back to their normal diet in an open phase until t12.

The sessions for both groups were standardized in their 
structure with the initial two sessions focusing on introducing the 
fundamentals of recommendations. These sessions also served as 
an opportunity for participants to acquaint themselves with 
technical aspects like group rooms, microphone usage, and video 
settings. Sessions 3–5 shifted toward practical application, where 
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participants learned about new food items, their preparation, and 
proper storage. The sixth session delved into the rationale and 
scientific foundation behind the provided recommendations. From 
sessions 7–9, the course focused on different nutrients and 
recommended foods within specific groups, deepening participants’ 
nutritional knowledge, including micronutrients and age-specific 
guidelines. Addressing the “how and when” of eating, two 
additional sessions were dedicated to mindful eating and 
circadian factors.

2.8.2 Counselling focusing on a WFPB diet
The WFPB diet concept, systematically taught to the 

participants randomized into this group, primarily consisted of 
vegetables, whole grains, legumes, fruits, nuts, and seeds, without 
restricting energy intake (see Table 2). This diet was recommended 
for regular consumption. Furthermore, participants were 
encouraged to regularly consume specific foods and nutrients 
believed to have a beneficial impact on cognitive functions based 
on current scientific evidence, such as green leafy vegetables (29), 
mushrooms (30), citrus fruits (65), soy products (31), blueberries 
(32), nuts (34), turmeric (39), green tea (37) and omega-3 fatty 
acids (57).

Concurrently, participants were advised to abstain from animal 
products in their diets during the intervention period due to their 
proinflammatory potential and to avoid consuming highly processed 
foods (66) (Table 2).

2.8.3 Counselling focusing on a DGE diet
Participants randomized to this group received recommendations 

according to the official guidelines of the DGE diet for healthy eating 
(67). They were systematically encouraged to establish an omnivorous 
diet rich in vegetables, fruits, and whole grains, including moderate 
intake of animal products, such as fish, poultry, red meat, eggs and 
dairy products (Table 3). The DGE group was also advised to prioritize 
fresh, unprocessed foods and to minimize their consumption of 
saturated fatty acids, sweetened drinks, and highly processed foods.

2.8.4 Food boxes
Every participant received six different monthly food box 

deliveries by regular post during the period of the study interventions. 
The boxes for the WFPB group contained selected wholesome, 
neuroprotective and durable food items like wholegrain pasta, green 
tea, nuts, grains, plant oils and healthy snacks like sugar-free chocolate. 
The delivery boxes for the DGE group contained a selection of staple 
foods likely to exert generally beneficial health effects (e.g., whole 
grain, plant-based oils or nuts/seeds, sugar alternatives, other 
minimally processed foods and vegetarian alternatives). These food 
boxes, serving as sample packages, were intended to vividly introduce 
the food items discussed in each session. They were meant to facilitate 
a transfer from theoretical knowledge to practical application, thereby 
supporting motivational behavior change and encouraging 
participants to explore new and beneficial food items. Neutral 
packaging was chosen to eliminate bias and ensure that participants’ 
perceptions and behaviors were not influenced by advertising. This 
approach allowed for a more accurate assessment of the food items 
based purely on their quality and appeal, not their market identity. The 
detailed food items of the six food boxes can be  found in 
Supplementary Table 2.T
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2.8.5 Adherence to dietary recommendations
The counselling sessions incorporated interactive methods and 

diverse learning materials, including structured handouts, specific 
recipes, and reflections on participants’ nutrition experiences for 
exchange rounds. The nutritional content was introduced gradually, 
with small steps to encourage personal involvement and to enhance 
participant attention, motivation, and commitment over the 6-months 
course. The participants received recipes and recommendations to 
incorporate these foods into daily life.

To ensure the regular integration of the recommended food groups, 
after six sessions, participants assessed their integration through a 
reflection quiz in which they rated their adherence to dietary 
recommendations and identified areas for improvement in their eating 
habits. Participants rated their adherence to recommended intakes on a 
scale from “do not implement” to “fully implement,” indicating how 
successfully they had incorporated these recommendations into their 
lifestyle. The reflection tool also prompted participants to identify 
successes, challenges, and areas for growth concerning their dietary 
habits. Further, it asked them to set future goals and define the steps 
needed to achieve them, thereby supporting continuous improvement 
and personal development in dietary practices. This structured reflection 
process aimed at enhancing the effectiveness of the dietary interventions 
by fostering greater self-awareness and accountability.

2.8.6 Didactical and methodical concept
As outlined in Table 4, the course adopted the Health Approach 

Process Assessment (HAPA) model by Schwarzer, focusing on 
motivation and volition phases with self-efficacy as the key component 
(68). Risk awareness was increased by linking dietary factors with 
adverse health outcomes such as dementia. Outcome expectancy was 
enhanced through the demonstration of neuroprotective food 
benefits. The instructional approach integrated resource-oriented 
communication and motivational interviewing, to boost engagement 
without pressure. Reflective practices and goal setting, as part of the 
ongoing behavior change process, were employed to promote 
sustainable dietary changes (69, 70). Participants were guided to set 
and review their nutritional goals every six sessions, encouraging 
long-term health improvements.

3 Results

A total of 1,111 patients were screened for the main study of 
which 326 were found eligible and 271 gave their written informed 
consent and were enrolled in the study and randomized in the four 
groups. However, only 270 participants completed the baseline visit, 
leading to their inclusion in the analyses [WFPB + iCCT (n = 65), 

TABLE 2 Recommended foods with potential beneficial impact on cognitive functions.

Recommended daily To be avoided

Whole grains (e.g., rice, pasta, millet, quinoa) Highly processed foods

Blueberries and other berries Sugary drinks, white sugar, and refined grains

Broccoli (raw, blanched, steamed) Alcohol consumption

Green leafy vegetables (e.g., spinach, chard, bok choy) Food high in saturated fats (e.g., butter, cheese, cream, and meat)

Spices and herbs (e.g., turmeric, coriander, saffron) Trans-fats from deep-fried food (e.g., chips, fries, bakery items, fast food)

Mushrooms Processed meats like sausage

Green tea, dark chocolate (80% cocoa)

Omega-3 rich oils such as flaxseed oil

TABLE 3 Daily nutritional recommendations for WFPB and DGE interventions.

Category WFPB recommendations DGE recommendations

Vegetables At least 3 portions (plus one tbsp. of sea vegetables/algae) 3 portions

Fruits 2 portions 2 portions

Cereals 3 to 4 portions, whole grains 4 portions, whole grains including potatoes

Nuts and seeds 1 to 2 portions Mentioned as an alternative to one fruit portion

Legumes 1 portion Not specified

Plant oil 2 to 3 tbsp (especially flax seed oil) 1.5 to 2 tbsp (1 tbsp plant oil plus 15–30 g butter or margarine)

Animal fats Not recommended 1.5 to 2 tbsp

Milk products Not recommended 3 portions

Meat, poultry, fish, eggs Not recommended 300–600 g meat as well as 1–2 servings of fish (fatty, low-fat),

3 eggs per week, and 3 servings of sausage (30 g each)

Milk alternatives 1 to 3 portions Not specified

Sweets, fried foods, fast foods Not recommended Maximum 1 portion

Neuroprotective foods Daily (e.g., walnuts, flaxseed oil, berries, green leafy vegetables, herbs) Not specified

DGE, German Nutrition Association (German: Deutsche Gesellschaft für Ernährung); WFPB, Wohle-Food Plant-Based.

https://doi.org/10.3389/fnut.2025.1536939
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Hanslian et al. 10.3389/fnut.2025.1536939

Frontiers in Nutrition 07 frontiersin.org

WFPB + bCCT (n = 71), DGE + iCCT (n = 64), and DGE + bCCT 
(n = 70)]. For the data analysis presented here, patients were pooled 
into a WFPB group (n = 136) and a DGE group (n = 134). Of these, 
n = 132 of the WFPB and 129 of the DGE group filled out the FFQ 
at baseline. The numbers dropped to 101 and 85 for WFPB and 104 
and 97 for DGE for the t6 and t12 visit, respectively. The mean age 
of the participants was 70.8 ± 6.9 years, with a range from 60 to 
86 years. Slightly more than half of the 270 participants in the study 
were women, accounting for 52.2% of the sample. Nearly a third of 
the participants (29.6%) resided by themselves. More than half 
(58.9%) possessed a high educational background, and most of the 
participants (71.9%) were retired or not currently employed. The 
mean MoCA score was 22.4 ± 1.6, and the mean MMSE score was 
27.5 ± 1.6, indicating a reduced cognitive function consistent 
with MCI.

The distributions between the two intervention groups—WFPB 
and DGE—showed no relevant differences in age, gender, living 
situation, education level, employment status, or cognitive skills. The 
characteristics of individuals with MCI in the overall sample and 
intervention groups can be found in Table 5.

Of the 270 patients initially enrolled in the study 266 started the 
online nutritional courses (131 in the WFPB group and 135 in the 

DGE group), 42 dropped out of the courses very early on, leaving 224 
patients participating in the courses, 108 in the WFPB and 116 in the 
DGE group. Of the 108 patients in the WFPB group, 78 (72.2%) took 
part in at least half (6 of 12) course units and are therefore considered 
adherent. 56 participants (51.9%) even took part in at least three 
quarters of the course units (9 of 12). There was a comparable 
frequency in the DGE group, where 88 of the 116 (75.9%) patients 
participated in at least half and 65 (56.0%) took part in at least three 
quarters of the course units.

3.1 FFQ longitudinal data

The study analyzed behavioral changes in participants’ diets by 
comparing dietary changes within and between the two groups 
(WFPB and DGE) over a 12-month period. Detailed descriptive 
statistics (group means and standard deviations or absolute and 
relative frequencies) for all 132 FFQ items at all three visits, along with 
the results of the statistical evaluation (ANCOVA) for changes 
between t0 and t6 and t0 and t12, respectively, can be  found in 
Supplementary Table 3. Dietary changes within the groups are listed 
in Supplementary Table 4.

TABLE 4 Overview of the course methodology.

Component Description

Model Health Approach Process Assessment (HAPA)

Phases Motivation and volition

Key feature Self-efficacy expectation

Behavioral determinants Risk awareness and outcome expectancy

Trigger for risk awareness Influence of food factors on dementia, MCI, and cardiovascular diseases

Positive outcome expectancy Demonstrated by neuroprotective food items and effective nutritional changes

Supportive techniques Sharing successful experiences, focusing on small-step successes, addressing individual obstacles, providing practical information

Communication style Resource-oriented and positive

Motivational strategy Motivational interviewing

Behavior change process Initiated in course 2, involving reflection rounds and scaling questions

Goal setting Participants set and evaluate realistic nutritional goals over 6 sessions

TABLE 5 Characteristics of participants with MCI in the overall sample and intervention groups.

Variable Overall Sample (N = 270)
M (SD) / n (%)

WFPB (N = 136)
M (SD) / n (%)

DGE (N = 134)
M (SD) / n (%)

Age Years 70.8 (6.9) 70.3 (6.4) 70.2 (7.3)

Sex Female 141 (52.2) 72 (52.9) 69 (51.5)

Male 129 (47.8) 64 (47.1) 65 (48.5)

Household type Single household 80 (29.6) 35 (25.7) 45 (33.6)

Education (ISCED) High 159 (58.9) 75 (55.1) 84 (62.7)

Medium 104 (38.5) 58 (42.6) 46 (34.3)

Low 7 (2.6) 3 (2.2) 4 (3.0)

Employment Employed 76 (28.1) 35 (5.7) 41 (30.6)

Cognitive skills MoCA 22.4 (1.6) 22.3 (1.7) 22.4 (1.5)

MMSE 27.5 (1.6) 27.3 (1.7) 27.6 (1.6)

Age and cognitive skills are described as mean (M) and standard deviation (SD). For all other variables, absolute and relative frequencies are shown. (ISCED, International Standard 
Classification of Education, n = Count).
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3.2 Nutritional changes

The distribution of diet types at various time points is shown in 
Table 6. At t0, the majority of participants in both groups followed an 
omnivorous diet. Specifically, 95.5% (n = 126) of participants in the 
WFPB group and 94.6% (n = 122) in the DGE group reported being 
omnivores. Smaller percentages reported following pescatarian 
(WFPB: 2%, n = 2; DGE: 3.9%, n = 5), ovolacto (WFPB: 2,3%, n = 3; 
DGE: 0.8%, n = 1), or vegan diets (WFPB: 0.8%, n = 1; DGE: 0.8%, 
n = 1). At t6, the proportions of diet types remained largely consistent 
between the groups. The WFPB group had 93.9% (n = 124) omnivores, 
1.5% (n = 2) pescatarians, 3% (n = 4) ovolacto vegetarians, and 1.5% 
(n  = 2) vegans, whereas the DGE group had 95.3% (n  = 123) 
omnivores, 3.1% (n  = 4) pescatarians, 1.6% (n  = 2) ovolacto-
vegetarians, and no vegans. At t12, the trend remained quite stable 
with 92.4% (n  = 122) omnivores in the WFPB group and 95.3% 
(n = 123) omnivores in the DGE group. The percentage of participants 
adhering to a vegan diet increased to 2.3% (n = 3) in the WFPB group, 
while the DGE group still had 0.8% (n = 1) vegans. The numbers of 
the pescatarians were the same as t6. The percentage of participants 
adhering to a ovolacto diet increased to 3.8% (n = 5) in the WFPB 
group, while the DGE group only had 0.8% (n = 1).

3.3 Vegetables, fruits, legumes and whole 
grains

Analyses within each group showed that both WFPB and DGE 
participants maintained consistent intake levels of vegetables and 
fruits throughout the whole study period, with no notable changes 
observed across all time points (Figures 1A,B).

Legume intake increased slightly at t6, following the active dietary 
intervention, in both the WFPB group (M ± SD: 0.06 ± 0.35; 
p = 0.049) and DGE group (0.06 ± 0.21; p = 0.002) without relevant 
difference between the groups at t12 (Figure 1C).

Whole grain consumption was balanced between the groups at 
baseline. At t6 there was an increase in whole grain intake in both 
groups (WFPB: M ± SD: 9.28 ± 24.02; p < 0.001; DGE M ± SD: 
13.57 ± 21.12; p < 0.001), with a further and similar increase in both 
groups by t12 (WFPB: M ± SD: 13.79 ± 25.50; DGE: M ± SD: 
16.01 ± 23.15; p < 0.001) However, the between-group differences of 
all above mentioned parameters were not relevant (Figure 1D).

3.4 Animal products

There was a difference in the decline of milk consumption 
between the two groups at t12 (p = 0.003; WFPB: M ± SD: 0.23 ± 0.35; 

DGE: M ± SD: 0.36 ± 0.4 Figure 2A). Cheese consumption decreased 
in both groups during the first six months of the dietary intervention 
and decreased even further in the WFPB group by t12 (WFPB: 
M ± SD: −0.15 ± 0.70; p = 0.017 at t6 and M ± SD: −0.27 ± 0.68; 
p  < 0.001 at t12; DGE: M ± SD: −0.14 ± 0.49; p = 0.001 at t6 and 
M ± SD: −0.15 ± 0.50; p  = 0.001 at t12; Figure  3B). However, the 
differences between the groups were not statistically significant.

Egg consumption decreased in the WFPB group (M ± SD: 
−0.06 ± 0.15; p < 0.001 at t12), leading to a difference between the groups 
(p < 0.001; WFPB: M ± SD: 0.13 ± 0.15; DGE: M ± SD: 0.16 ± 0.16 at t12, 
Figure 2C). There was also a reduction in the consumption of poultry in 
the WFPB group at t12 (M ± SD: −0.02 ± 0.10; p = 0.008) leading to a 
difference between the two groups (p = 0.041; WFPB: M ± SD: 
0.05 ± 0.09; DGE: M ± SD: 0.07 ± 0.08 at t12, Figure 2D).

A difference in the reduction of meat consumption was observed 
at t6 (p = 0.007; WFPB: M ± SD: 0.15 ± 0.14; M ± SD: DGE: 
0.19 ± 0.19) but was not maintained throughout the observational 
phase (p = 0.662; WFPB: M ± SD: 0.16 ± 0.29; M ± SD: DGE: 
0.17 ± 0.17 at t12, Figure 2E). Fish consumption showed an increase 
at t12 in the DGE group (M ± SD: 0.03 ± 0.14; p = 0.031), leading to a 
difference between the groups (p = 0.025; WFPB: M ± SD: 0.14 ± 0.14; 
DGE: M ± SD: 0.18 ± 0.17 at t12, Figure 2E).

Butter showed a decline in both groups (WFPB: M ± SD: 
−0.10 ± 0.35; p = 0.001 at t6 and M ± SD: −0.13 ± 0.39; p < 0.001 at 
t12; DGE: M ± SD: −0.12 ± 0.36; p  < 0.001 at t6 and M ± SD: 
−0.10 ± 0.46; p = 0.013 at t12) without a significant intergroup 
difference (Figure 2G).

3.5 Plant-based alternatives

A relevant increase occurred in both group’s consumption of 
plant-based spreads at t6 (WFPB: M ± SD: 0.06 ± 0.22; p  = 0.002; 
DGE: M ± SD: 0.04 ± 0.20; p = 0.024). By t12, a further increase only 
occurred in the WFPB group (M ± SD: 0.18 ± 0.48; p < 0.001). This 
difference in consumption changes at t12 (p = 0.001; WFPB: M ± SD: 
1.54 ± 3.55; DGE: M ± SD: 0.63 ± 1,32, Figure 4A), indicate a more 
pronounced adoption of plant-based spreads among the WFPB group 
over the course of the study.

For plant-based milk, participants in both the WFPB and DGE 
group maintained consistent, low intake levels throughout the study 
period, with no relevant changes observed (Figure 4B).

3.6 Neuroprotective food items

There was a difference observed in green tea consumption 
between the WFPB group and the DGE group (Figure 3A). Initially, 

TABLE 6 Changes in diet type.

Diet type At baseline (t0) After 6 months (t6) After 12 months (t12)

WFPB group DGE group WFPB group DGE group WFPB group DGE group

Omnivore 126 (95.5%) 122 (94.6%) 124 (93.9%) 123 (95.3%) 122 (92.4%) 123 (95.3%)

Pescatarian 2 (1.5%) 5 (3.9%) 2 (1.5%) 4 (3.1%) 2 (1.5%) 4 (3.1%)

Ovolacto 3 (2.3%) 1 (0.8%) 4 (3.0%) 2 (1.6%) 5 (3.8%) 1 (0.8%)

Vegan 1 (0.8%) 1 (0.8%) 2 (1.5%) 0 (0.0%) 3 (2.3%) 1 (0.8%)

Distribution in n (%) for the four different diet types of omnivore, pescatarian, ovolacto-vegetarian and vegan diet at the visits t0 (baseline), t6 (after 6 months) and t12 (after twelve months).
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the WFPB group increased their intake during the first six months 
(M ± SD: 0.18 ± 0.83; p = 0,015), in contrast to the DGE group, which 
reduced their intake (M ± SD: −0.05 ± 0.36p  = 0.136). This trend 
continued into the observation phase, further increasing the 
distinction in consumption habits between the two groups (p = 0.004; 
WFPB: M ± SD: 0.38 ± 1.39; DGE: M ± SD: 0.18 ± 0.63at t6; p = 0.005; 
WFPB: M ± SD: 0.51 ± 1.60; DGE: M ± SD: 0.17 ± 0.41at t12).

Intake of unsalted nuts increased in both the WFPB and DGE 
groups throughout the study, with no statistically significant differences 
observed at t12 (Figure 3B). Herb, walnut and seed consumption also 
increased in both groups at t6 and continued to increase slightly at t12, 
with no significant differences between the groups (Figures 3C–E).

Regarding berries, leafy vegetables, broccoli, and mushrooms, intake 
levels were consistent across both groups throughout the study, showing 
minor and non-significant fluctuations (Figures 3F–I, respectively).

3.7 Fast food, snacks, sweets, sweet 
beverages, and alcohol

In the consumption of savory snacks and chips, the WFPB group 
experienced decline at both t6 and t12 (M ± SD: −0.03 ± 0.12; 
p = 0.002 at t6 and M ± SD: −0.04 ± 0.12; p = 0.001 at t12), and the 
groups demonstrated a difference at t12 (p = 0.014; WFPB: M ± SD: 
0.03 ± 0.07; DGE: M ± SD: 0.05 ± 0.10, Figure 5A).

The category sweets as well as the category pastries saw reductions 
in consumption in both groups throughout the study period (sweets: 
WFPB: M ± SD: −0.11 ± 0.31; p  < 0.001 at t6 and M ± SD: 

−0.11 ± 0.34; p < 0.001 at t12; DGE: M ± SD: −0.11 ± 0.30; p < 0.001 
at t6 and M ± SD: −0.12 ± 0.37; p = 0.001 at t12. Pastries: WFPB: 
M ± SD: −0.06 ± 0.21; p  = 0.001 at t6 and M ± SD: −0.06 ± 0.20; 
p  = 0.001 at t12; DGE: M ± SD: −0.07 ± 0.31; p = 0.015 at t6 and 
M ± SD: −0.07 ± 0.34; p = 0.015 at t12), without statistically significant 
intergroup differences (Figures 5B,C).

For fruit and vegetable juice, the intergroup differences showed a 
reduction in the WFPB group (Figure 5D).

No significant intergroup changes were observed in the 
consumption of bratwurst, sugary spreads, chocolate and chocolate 
bars, sugared and light beverages, and alcoholic drinks across both 
groups throughout the study period (Figures 5E–I).

3.8 Frequency of cooking

At baseline 38.9% of the participants claimed to have not prepared a 
hot meal (lunch or dinner) from basic ingredients/fresh food themselves 
in the last 4 weeks. The frequency of cooking did not show any significant 
changes at both t6 and t12 across both WFPB and DGE groups.

3.9 Other parameters

The following additional food items and beverages were assessed 
during the study but are not presented in detail here, as they generally 
showed no statistically significant differences between the groups or 
exhibited minimal consumption levels: breakfast cereals; muesli; 

FIGURE 1

Changes in consumption of vegetables (A), fruits (B), legumes (C) and the percentage of whole grain usage in respect of the individual total grain 
consumption (D). Bars and whiskers indicate mean and standard deviation, respectively, for the visits t0 (baseline), t6 (after 6 months) and t12 (after 
twelve months). Green and blue bars depict frequencies in the WFPB and the DGE group, respectively. Horizontal bars indicate results (p = p-values) of 
the ANCOVAs calculated for t6 and t12 values, respectively, with t0 values serving as covariates in both comparisons.
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bread; pasta; cooked potatoes; fried potatoes; pizza; hamburger or 
doner kebab; cold cuts; fried animal foods; tofu; seitan; soy meat; 
margarine; olive oil; linola oil; dark chocolate; ice cream; fresh 

smoothies; water with calcium; black tea; coffee; sugar in coffee or tea; 
coffee or tea with milk, cream, or plant milk; red wine; use of 
supplements (for details see Supplementary Table 3).

FIGURE 2

Changes in consumption of food from animal sources. Consumption of milk (A) and cheese (B), eggs (C), poultry (D), fish (F) and butter (G) are 
depicted as servings per day or week, that is the combination of individual frequencies with individual serving sizes. In contrast, the consumption of 
meat (E) is given as times per week. Bars and whiskers indicate mean and standard deviation, respectively, for the visits t0 (baseline), t6 (after 6 months) 
and t12 (after twelve months). Green and blue bars depict frequencies in the WFPB and the DGE group, respectively. Horizontal bars indicate results 
(p = p-values) of the ANCOVAs calculated for t6 and t12 values, respectively, with t0 values serving as covariates in both comparisons.
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FIGURE 3

Changes in the consumption of neuroprotective food items. The consumption of green tea (A), nuts (B), herbs (C), seeds (E), and berries (F) and are 
depicted as servings per day or week, that is the combination of individual frequencies with individual serving sizes, whereas the consumption of leafy 
vegetables (G), broccoli (H) and mushrooms (I) are given as times per day or week, In contrast, walnut consumption (D) is presented as the percentage 

(Continued)
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4 Discussion

This study aimed to explore changes in dietary habits through online 
nutrition counselling among participants with MCI aged between 60 and 
86 years. Participants initially did not meet recommended dietary 
guidelines, especially in their low intake of vegetables and fruits. While 
overall changes in dietary patterns were modest, there were several 
interesting developments. Both the WFPB and DGE groups demonstrated 
a slight increase in the consumption of whole grains and legumes. The 
WFPB group in particular showed a decrease in the intake of milk and 
dairy products. Additionally, the consumption of meat, fish, and eggs 
decreased slightly in both groups, with the WFPB group showing a 
slightly greater reduction. The intake of green tea and plant-based spreads 
showed a divergence, with the WFPB group substantially increasing their 
consumption. Conversely, the DGE group initially increased their intake 
of plant-based spreads from t0 to t6 but then reduced it from t6 to t12. 
Moreover, there was a mild increase in the consumption of berries and 
leafy greens and other neuroprotective foods like unsalted nuts and seeds, 
although these changes were not statistically significant.

Although the current study focuses on the impact of a purely 
plant-based whole-food diet on cognitive function, the observed 
reduction in egg consumption across both groups should not 
automatically be regarded as beneficial. In fact, several lines of evidence 
highlight potential cognitive advantages associated with moderate egg 
intake among older adults. For example, findings from the Rancho 
Bernardo Cohort indicated that egg consumption did not negatively 
impact various cognitive domains in this population. Specifically, men 
experienced improvements in verbal episodic memory (71), while 
women showed a modest enhancement in semantic memory (72). 
Furthermore, other research suggests that a regular inclusion of eggs 
in the diet may lower the risk of developing dementia (73). Recent 
studies have also pointed out that eggs, which are rich in nutrients such 
as choline, omega-3 fatty acids, and lutein, are associated with a 
reduced risk of Alzheimer’s dementia and related neuropathology (74). 

Complementary observational research supports the idea that an 
adequate intake of choline, particularly when derived from eggs and 
wheat germ, may positively affect cognitive function in the elderly (75).

Compared to data from the NVS II (German: Nationale 
Verzehrsstudie II, national nutrition study), collected between 2005 
and 2007 from German citizens aged 14 to 80, our data set reveals the 
following differences. The proportion of individuals who do not 
consume animal products was lower at baseline at 0.8% compared to 
2,5% in the NVSII but increased to 2,3% in the WFPB group at t12. 
Additionally in our data set 2.3% of the WFPB participants indicated 
never eating meat at t0 whereas the NVSII estimated 4.3% of the 
German population to be vegetarian (76). By t12, this percentage had 
slightly increased to 3.8% in the WFPB group.

A representative sample of 6,933 individuals aged 18 to 79 from 
the “Study on the Health of Adults in Germany” (DEGS1), conducted 
from 2008 to 2011, confirmed the results of the NVS II further 
indicating that 4.3% of the population (6.1% of women, 2.5% of men) 
adhere to a vegetarian diet (77).

In the present study the consumption of meat and meat products 
was already lower at baseline compared to NVS II and DEGS1, yet on 
average all surveys surpass the DGE-recommended intake (76, 78).

Several factors could account for this observation. For individuals 
born shortly after the war (1940–45), meat and animal products were 
less available, influencing lifelong dietary habits (79). Later in the 
1960s the consumption of meat increased again with the economic 
upturn and the development of the meat industry, big slaughterhouses 
and meat becoming a coveted status symbol, which might have also 
had an impact on consumer beliefs. The corona pandemic (due to 
precarious financial situations) as well as the general vegetarian-health 
trend might have led to a lower consumption of animal products. As 
the influences and motivations may vary, this field remains to 
be further explored.

Furthermore, it is suggested that a phenomenon known as “social 
desirability” might have led to under-reporting of meat and animal 

of total nut consumption. Bars and whiskers indicate mean and standard deviation, respectively, for the visits t0 (baseline), t6 (after 6 months) and t12 
(after twelve months). Green and blue bars depict frequencies in the WFPB and the DGE group, respectively. Horizontal bars indicate results (p = p-
values) of the ANCOVAs calculated for t6 and t12 values, respectively, with t0 values serving as covariates in both comparisons.

FIGURE 3 (Continued)

FIGURE 4

Changes in consumption of plant-based replacements for plant-based spreads (A) and plant-based milk (B) (indicated as servings per week). Bars and 
whiskers indicate mean and standard deviation, respectively, for the visits t0 (baseline), t6 (after 6 months) and t12 (after twelve months). Green and 
blue bars depict frequencies in the WFPB and the DGE group, respectively. Horizontal bars indicate results (p = p-values) of the ANCOVAs calculated 
for t6 and t12 values, respectively, with t0 values serving as covariates in both comparisons.
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FIGURE 5

Changes in the consumption of savory snacks and chips (A), sweets (B), pastries (C), fruit juice (D), bratwurst (E), sugary spreads (F), chocolate and 
chocolate bars (G), sugared and light beverages (H), and alcoholic drinks (I) (depicted as servings per week). Bars and whiskers indicate mean and 
standard deviation, respectively, for the visits t0 (baseline), t6 (after 6 months) and t12 (after twelve months). Green and blue bars depict frequencies in 
the WFPB and the DGE group, respectively. Horizontal bars indicate results (p = p-values) of the ANCOVAs calculated for t6 and t12 values, 
respectively, with t0 values serving as covariates in both comparisons.
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product consumption. Also, for example the representation of whole 
grain consumption is surprisingly high, leading to the conclusion, the 
amount might be overreported or misunderstood (“darker brown 
bread” vs. real whole grain). Currently there are no comparable data 
on whole grain consumption in Germany. Additionally, the selection 
criteria might have inadvertently included a more health-conscious 
cohort, influencing the observed results.

All studies showed average consumption of vegetables and fruits 
below the recommendations set by the DGE. The DEGS1 revealed that 
a significant portion of the German population aged 18 to 79 
(n = 7,116) did not meet the DGE recommendations for vegetables 
and fruit consumption but showed a slight increase in fruit 
consumption compared to the NVS II survey. In the DEGS1 on 
average, women and men consumed 3.1 and 2.4 portions of fruits and 
vegetables per day, respectively (80). Only 15% of women and 7% of 
men met the recommended intake of 5 portions per day. Fruit 
consumption tended to increase up to the age of 60 to 69 years. At 
least 3 portions per day were consumed by 39% of women and 25% of 
men, with the proportion increasing with higher social status (80).

It is important to note that demographic differences between the 
studies, particularly in terms of age, gender, educational level, 
occupation, and health status, can significantly influence dietary 
habits and, consequently, the outcomes of the studies. Therefore, these 
factors must be carefully considered when interpreting and comparing 
results. Notably, the percentage of participants with a higher level of 
education in the current study was higher than in the others. 
Additionally, it is important to note that the data from NVS II as well 
as DEGS1 are relatively dated, having been collected over a decade 
ago, which may affect their current relevance and applicability.

Recent data obtained from the forsa nutrition report provides an 
updated perspective on dietary patterns within the German population 
(81). This representative survey encompassed 1,001 citizens aged 14 and 
above, conducted in May 2023, and aimed to explore various aspects 
including preferences in eating habits, frequency of consumption of 
specific food items, criteria for selecting food products, dining outside the 
home and perceptions of the importance of various nutrition policy goals. 
In the forsa survey, 2% of respondents indicated following a vegan diet, 
abstaining from all animal products. A further 8% identified themselves 
as vegetarians, consuming animal-derived products like eggs, dairy, or 
honey, while 46% considered themselves flexitarian, generally limiting 
meat intake but not excluding it. Among participants aged 60 years and 
older, 1% were vegan, 5% vegetarian, and 49% flexitarian. Additionally, in 
this age group, 75% reported daily or multiple daily intakes of fruits and 
vegetables, 59% consumed dairy products such as yogurt or cheese one 
or more times per day, 19% ate meat or sausages once or multiple times 
daily, and 1% consumed fish and seafood daily (81).

The Planetary Health Diet (PHD) established by the EAT-Lancet 
Commission, as outlined in their 2019 report, identifies the greatest 
deficiencies in the consumption of nuts, seeds, legumes, and whole 
grain products. The EAT-Lancet Report offers a comprehensive 
framework designed to support a sustainable diet, aiming to minimize 
environmental damage while ensuring sufficient, safe, and nutritious 
food for the growing global population. The PHD recommends a 
reduction in the consumption of red meat and sugar by more than 
50%, and double the intake of nuts, seeds, legumes, whole grains, 
vegetables, and fruits (18). This underlines the need for a strategic 
application of established dietary guidelines.

In our study nut and seed consumption as well as whole grain 
consumption saw an increase in intake in both groups after counselling 

throughout the intervention and the observational period without 
relevant intergroup differences. Legume intake had increased slightly 
by the 6-month mark in both the WFPB group and DGE group and 
stabilized at a similar level in both groups by the end of the 12-month 
study period. Although there was no significant increase, a positive 
trend could be observed. Therefore, nutrition education courses could 
be instrumental in addressing this gap by providing clear guidance to 
the public (28). In several cohort studies, an association has been 
found between lifestyle interventions through education, as well as 
country-level policy changes, and a lower incidence of dementia (82).

An interesting finding was the extent to which participants, mainly 
due to traditional gender roles, relied on others for their meal 
preparations. It was observed that many spouses accompanied 
participants during the course, indicating that they were primarily 
responsible for cooking and dietary choices. This raises concerns 
regarding the accuracy of the reported dietary habits. Discrepancies 
might have been introduced due to the reliance on others regarding food 
choices, suggesting that some participants may not have been closely 
involved in their dietary decisions. Additionally, nearly a third of the 
participants (29.6%) in our study lived alone, which could have influenced 
their ability to adopt dietary changes. Individuals who prepare meals 
independently may experience greater autonomy in modifying their diet, 
while those who rely on a partner, family member, or caregiver for meal 
preparation may face additional challenges in implementing dietary 
modifications. This distinction is particularly relevant in the context of 
MCI, where cognitive difficulties may further impact the ability to plan 
and prepare meals. Future research should explore the influence of living 
arrangements on dietary adherence, as social and environmental factors 
may play a crucial role in maintaining long-term dietary changes. 
Analyzing dietary behavior in individuals living alone versus those living 
with others could provide insights into tailored strategies that support 
sustainable dietary modifications in this population.

Sustaining dietary changes beyond the intervention period remains 
a challenge in nutritional counseling. Future interventions could 
incorporate structured follow-up sessions to provide continued guidance 
and address potential barriers to maintaining dietary habits. Digital tools, 
such as reminders, mobile applications, or online platforms, may support 
adherence by facilitating meal planning and progress tracking. 
Additionally, peer support networks and group discussions could 
contribute to long-term adherence by promoting social engagement and 
accountability. Personalized goal-setting and behavioral coaching may 
further aid in integrating dietary modifications into daily routines. 
Future research should examine the effectiveness of these approaches in 
maintaining dietary changes in individuals with MCI.

4.1 Strengths and limitations

The study has several strengths, including a well-maintained gender 
balance within the sample and a robust randomization process. The 
participants underwent thorough pre-screening to ensure their eligibility 
for inclusion in the MCI sample. The use of REDCap ensured that 
participants completed all questions. Additionally, we utilized validated 
measurement instruments, such as the MoCA. Conversely, the sample has 
certain limitations. Its composition is primarily determined by 
participants’ involvement in the RCT, suggesting that if individuals were 
enlisted solely for a survey, the sample might have varied characteristics. 
Consequently, this sample does not typify the broader population of 
individuals with MCI. The participants in this study possessed 

https://doi.org/10.3389/fnut.2025.1536939
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Hanslian et al. 10.3389/fnut.2025.1536939

Frontiers in Nutrition 15 frontiersin.org

higher-than-average educational levels, potentially indicating an 
enhanced capacity for health-conscious living.

The online delivery format of the nutritional counseling sessions is 
another strength by enhancing accessibility and convenience, providing 
a benefit in reaching a broader demographic, including older adults and 
individuals with mobility disabilities. This digital approach facilitated 
the participation of individuals who might otherwise have found it 
challenging to engage in due to logistical constraints and showed the 
potential of remote health interventions. However, the findings are also 
constrained by the digital context, as we could only engage individuals 
that were able to undergo remote examinations. Participation in the 
study necessitated access to technical equipment like laptops or personal 
computers equipped with cameras and microphones, along with a 
stable internet connection for attending the twelve online nutritional 
counseling sessions. Additionally, the limited familiarity with digital 
media among the older participants, leading to potential errors in data 
input. Nonetheless, the remote nature of the study enabled us to recruit 
a total of 270 participants from various regions in Germany.

Another strength is the adaptation of the FFQ for a specific 
population with MCI during nutritional counseling representing a 
pioneering approach. This adjustment aims at examining dietary patterns 
relevant to cognitive health, thus contributing insights into an 
underexplored area of research. But there are also some limitations related 
to the use of the FFQ. The retrospective nature of the FFQ may introduce 
biases such as recall and confirmation bias. The aggregation of food 
groups could potentially lead to either underestimation or overestimation 
of certain components. The inclusion of the “never” category in the 
questionnaire may have caused ambiguity, as some participants might 
have interpreted it as consuming specific foods less than once a month 
due to the absence of intermediate options. While the original FFQ was 
modified to include additional items relevant to a WFPB diet, 
neuroprotective foods, and specific food variants like whole grains, there 
is a possibility for misinterpretation. Instead of utilizing visual aids for 
portion sizes, as done in the original FFQ, this study provided descriptions 
and examples, which, although detailed, could have introduced errors in 
portion size estimations. Also, the seasonality of certain foods and the 
various times of the nutrition education groups might have influenced the 
results. Additionally, diet was never examined in isolation; it was always 
coupled with computerized cognitive training programs, as highlighted 
in the study design. This integration may further limit the interpretability 
of the data regarding the direct impact of diet alone.

A potential limitation of this study is the differential emphasis 
on neuroprotective foods between the two dietary intervention 
groups. The WFPB group was encouraged to include plant-based 
foods with known neuroprotective properties, such as green leafy 
vegetables, nuts, berries, and legumes. While these foods were not 
actively discouraged in the DGE group, they were not explicitly 
emphasized to the same extent. This could introduce a potential 
bias in dietary outcomes, as participants in the WFPB group may 
have been more inclined to incorporate these foods. However, both 
dietary interventions followed structured guidelines based on 
existing dietary recommendations, and our analysis primarily 
focused on overall dietary changes rather than direct cognitive 
effects. Future studies could mitigate this potential bias by ensuring 
that both groups receive equivalent education on neuroprotective 
foods while maintaining distinct dietary frameworks.

Another potential limitation is that attendance at counseling sessions 
varied among participants. While all individuals received the same 
educational materials, lower attendance may have affected engagement 

and adherence to dietary recommendations. Future interventions could 
consider personalized follow-up support to enhance long-term adherence.

5 Conclusion

This analysis provides insights into the dietary patterns of 
patients with MCI. The findings reflect a mild shift toward more 
plant-based diets in the WFPB group compared to the more 
consistent dietary patterns observed in the DGE group. The 
persistence of dietary changes, particularly in the consumption of 
whole grains and a reduction in animal-source foods, indicates a 
potential shift toward healthier eating habits.

Overall, while some progress was made in adapting to healthier 
dietary choices, the substantial gap in achieving recommended dietary 
guidelines suggests a need for continued efforts and tailored strategies 
to enhance dietary adherence in this population. This study 
underscores the challenges in altering dietary habits in older adults 
but also highlights future areas of intervention, such as increasing the 
intake of neuroprotective foods.

Future research will be  essential to further elucidate the 
mechanisms through which dietary patterns influence cognitive decline 
and to explore the long-term effects of these dietary changes. In future 
projects, the adherence rate among participants to the recommended 
guidelines should be  systematically considered as a meaningful 
endpoint from the outset. This would enable a clearer assessment of the 
intervention’s effectiveness in terms of compliance and facilitate a more 
robust evaluation of its impact. It will also be critical to investigate the 
scalability of such interventions and their effectiveness across different 
populations with varying dietary backgrounds and health statuses. This 
could ultimately lead to more targeted dietary recommendations for 
individuals with MCI, contributing to the broader goal of enhancing 
cognitive health in aging populations.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation, upon 
justified request.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of Friedrich-Alexander-Universität Erlangen-Nürnberg’s 
Medical Faculty (Ref.: 21-318_1-B). The studies were conducted in 
accordance with the local legislation and institutional requirements. The 
participants provided their written informed consent to participate in 
this study.

Author contributions

EH: Conceptualization, Investigation, Methodology, Project 
administration, Software, Visualization, Writing – original draft. MD: 
Conceptualization, Investigation, Writing  – review & editing. JS: 
Conceptualization, Investigation, Writing – review & editing. FK: 
Data curation, Formal analysis, Software, Writing – review & editing. 

https://doi.org/10.3389/fnut.2025.1536939
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Hanslian et al. 10.3389/fnut.2025.1536939

Frontiers in Nutrition 16 frontiersin.org

DH: Writing – review & editing. CH: Writing – review & editing. EG: 
Conceptualization, Funding acquisition, Supervision, Project 
administration, Writing – review & editing. J-SS: Writing – review & 
editing. PS: Writing – review & editing. AM: Supervision, Writing – 
review & editing. MJ: Funding acquisition, Project administration, 
Visualization, Writing – review & editing. CK: Conceptualization, 
Funding acquisition, Project administration, Supervision, Writing – 
review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. The study BrainFit-
Nutrition was funded by the Karl and Veronica Carstens Stiftung 
(funding number KVC 0/117/2021E). The funding organization had no 
role in the design and conduct of the study; collection, management, 
analysis, and interpretation of the data; preparation, review, or approval 
of the manuscript; or decision to submit the manuscript for publication.

Acknowledgments

We would like to thank all the study participants for their willingness 
to take part in the study. Special thanks go to Karl and Veronica Carstens 
Stiftung, whose support made the study possible.

Conflict of interest

EH and AM are board members of the Medical Association for 
Therapeutic Fasting and Nutrition (Ärztegesellschaft Heilfasten & 

Ernährung e. V. (ÄGHE)). AM is also a co-founder of the Academy of 
Integrative Fasting (AIF) and the SALUFAST company. CK is a 
member of the scientific advisory board of Bruno Zimmer, Mittel 
zum Leben.

The remaining authors declare that the research was 
conducted in the absence of any commercial or financial 
relationships that could be  construed as a potential conflict 
of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any 
product that may be  evaluated in this article, or claim that may 
be  made by its manufacturer, is not guaranteed or endorsed by 
the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1536939/
full#supplementary-material

References
 1. Kapogiannis D, Manolopoulos A, Mullins R, Avgerinos K, Delgado-Peraza F, 

Mustapic M, et al. Brain responses to intermittent fasting and the healthy living diet in 
older adults. Cell Metab. (2024) 36:1668–78.e5. doi: 10.1016/j.cmet.2024.05.017

 2. Chen X, Maguire B, Brodaty H, O'Leary F. Dietary patterns and cognitive health in 
older adults: a systematic review. J Alzheimers Dis. (2019) 67:583–619. doi: 
10.3233/JAD-180468

 3. Mozaffari H, Jalilpiran Y, Suitor K, Bellissimo N, Azadbakht L. Associations 
between empirically derived dietary patterns and cardiovascular risk factors 
among older adult men. Int J Vitam Nutr Res. (2023) 93:308–18. doi: 
10.1024/0300-9831/a000725

 4. Soltani S, Chitsazi MJ, Salehi-Abargouei A. The effect of dietary approaches to stop 
hypertension (DASH) on serum inflammatory markers: a systematic review and meta-
analysis of randomized trials. Clin Nutr. (2018) 37:542–50. doi: 10.1016/j.clnu.2017.02.018

 5. Bonaccio M, Pounis G, Cerletti C, Donati MB, Iacoviello L, de Gaetano G. 
Mediterranean diet, dietary polyphenols and low grade inflammation: results 
from the MOLI-SANI study. Br J Clin Pharmacol. (2017) 83:107–13. doi: 
10.1111/bcp.12924

 6. Smidowicz A, Regula J. Effect of nutritional status and dietary patterns on human 
serum C-reactive protein and interleukin-6 concentrations. Adv Nutr. (2015) 6:738–47. 
doi: 10.3945/an.115.009415

 7. Ballarini T, Melo van Lent D, Brunner J, Schröder A, Wolfsgruber S, Altenstein S, 
et al. Mediterranean diet, Alzheimer disease biomarkers and brain atrophy in old age. 
Neurology. (2021) 96:e2920–32. doi: 10.1212/WNL.0000000000012067

 8. Ornish D, Madison C, Kivipelto M, Kemp C, McCulloch CE, Galasko D, et al. 
Effects of intensive lifestyle changes on the progression of mild cognitive impairment or 
early dementia due to Alzheimer's disease: a randomized, controlled clinical trial. 
Alzheimers Res Ther. (2024) 16:122. doi: 10.1186/s13195-024-01482-z

 9. Greger M. A whole food plant-based diet is effective for weight loss: the evidence. 
Am J Lifestyle Med. (2020) 14:500–10. doi: 10.1177/1559827620912400

 10. Yokoyama Y, Nishimura K, Barnard ND, Takegami M, Watanabe M, Sekikawa A, 
et al. Vegetarian diets and blood pressure: a meta-analysis. JAMA Intern Med. (2014) 
174:577–87. doi: 10.1001/jamainternmed.2013.14547

 11. Barnard ND, Cohen J, Jenkins DJ, Turner-McGrievy G, Gloede L, Green A, et al. 
A low-fat vegan diet and a conventional diabetes diet in the treatment of type 2 diabetes: 
a randomized, controlled, 74-wk clinical trial. Am J Clin Nutr. (2009) 89:1588s–96s. doi: 
10.3945/ajcn.2009.26736H

 12. Ornish D, Brown SE, Scherwitz LW, Billings JH, Armstrong WT, Ports TA, et al. 
Can lifestyle changes reverse coronary heart disease? The lifestyle heart trial. Lancet. 
(1990) 336:129–33.

 13. Ornish D, Scherwitz LW, Billings JH, Brown SE, Gould KL, Merritt TA, et al. 
Intensive lifestyle changes for reversal of coronary heart disease. JAMA. (1998) 
280:2001–7.

 14. Livingston G, Huntley J, Liu KY, Costafreda SG, Selbæk G, Alladi S, et al. Dementia 
prevention, intervention, and care: 2024 report of the lancet standing commission. 
Lancet. (2024) 404:572–628. doi: 10.1016/S0140-6736(24)01296-0

 15. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al. 
Dementia prevention, intervention, and care: 2020 report of the lancet commission. 
Lancet. (2020) 396:413–46. doi: 10.1016/S0140-6736(20)30367-6

 16. Wright N, Wilson L, Smith M, Duncan B, McHugh P. The BROAD study: a 
randomised controlled trial using a whole food plant-based diet in the community for 
obesity, ischaemic heart disease or diabetes. Nutr Diabetes. (2017) 7:e256. doi: 
10.1038/nutd.2017.3

 17. Yngve A. A historical perspective of the understanding of the link between diet 
and coronary heart disease. Am J Lifestyle Med. (2009) 3:35s–8s. doi: 
10.1177/1559827609334887

 18. Willett W, Rockström J, Loken B, Springmann M, Lang T, Vermeulen S, et al. Food 
in the Anthropocene: the EAT-lancet commission on healthy diets from sustainable food 
systems. Lancet. (2019) 393:447–92. doi: 10.1016/S0140-6736(18)31788-4

https://doi.org/10.3389/fnut.2025.1536939
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1536939/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1536939/full#supplementary-material
https://doi.org/10.1016/j.cmet.2024.05.017
https://doi.org/10.3233/JAD-180468
https://doi.org/10.1024/0300-9831/a000725
https://doi.org/10.1016/j.clnu.2017.02.018
https://doi.org/10.1111/bcp.12924
https://doi.org/10.3945/an.115.009415
https://doi.org/10.1212/WNL.0000000000012067
https://doi.org/10.1186/s13195-024-01482-z
https://doi.org/10.1177/1559827620912400
https://doi.org/10.1001/jamainternmed.2013.14547
https://doi.org/10.3945/ajcn.2009.26736H
https://doi.org/10.1016/S0140-6736(24)01296-0
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1038/nutd.2017.3
https://doi.org/10.1177/1559827609334887
https://doi.org/10.1016/S0140-6736(18)31788-4


Hanslian et al. 10.3389/fnut.2025.1536939

Frontiers in Nutrition 17 frontiersin.org

 19. Fraser GE. Vegetarian diets: what do we know of their effects on common chronic 
diseases? Am J Clin Nutr. (2009) 89:1607s–12s. doi: 10.3945/ajcn.2009.26736K

 20. Kahleova H, Levin S, Barnard N. Cardio-metabolic benefits of plant-based diets. 
Nutrients. (2017) 9:8. doi: 10.3390/nu9080848

 21. Michaëlsson K, Wolk A, Langenskiöld S, Basu S, Warensjö Lemming E, Melhus H, 
et al. Milk intake and risk of mortality and fractures in women and men: cohort studies. 
BMJ. (2014) 349:g6015. doi: 10.1136/bmj.g6015

 22. Orlich MJ, Singh PN, Sabaté J, Jaceldo-Siegl K, Fan J, Knutsen S, et al. Vegetarian 
dietary patterns and mortality in Adventist health study 2. JAMA Intern Med. (2013) 
173:1230–8. doi: 10.1001/jamainternmed.2013.6473

 23. Rizzo NS, Sabaté J, Jaceldo-Siegl K, Fraser GE. Vegetarian dietary patterns are 
associated with a lower risk of metabolic syndrome: the adventist health study 2. 
Diabetes Care. (2011) 34:1225–7. doi: 10.2337/dc10-1221

 24. Song M, Fung TT, Hu FB, Willett WC, Longo VD, Chan AT, et al. Association of 
Animal and Plant Protein Intake with all-Cause and cause-specific mortality. JAMA 
Intern Med. (2016) 176:1453–63. doi: 10.1001/jamainternmed.2016.4182

 25. van Nielen M, Feskens EJ, Rietman A, Siebelink E, Mensink M. Partly replacing 
meat protein with soy protein alters insulin resistance and blood lipids in 
postmenopausal women with abdominal obesity. J Nutr. (2014) 144:1423–9. doi: 
10.3945/jn.114.193706

 26. Poulsen NB, Lambert MNT, Jeppesen PB. The effect of plant derived bioactive 
compounds on inflammation: a systematic review and Meta-analysis. Mol Nutr Food 
Res. (2020) 64:e2000473. doi: 10.1002/mnfr.202000473

 27. Tuohy KM, Conterno L, Gasperotti M, Viola R. Up-regulating the human 
intestinal microbiome using whole plant foods, polyphenols, and/or fiber. J Agric Food 
Chem. (2012) 60:8776–82. doi: 10.1021/jf2053959

 28. Shen XN, Niu LD, Wang YJ, Cao XP, Liu Q, Tan L, et al. Inflammatory markers in 
Alzheimer's disease and mild cognitive impairment: a meta-analysis and systematic 
review of 170 studies. J Neurol Neurosurg Psychiatry. (2019) 90:590–8. doi: 
10.1136/jnnp-2018-319148

 29. Morris MC, Wang Y, Barnes LL, Bennett DA, Dawson-Hughes B, Booth SL. 
Nutrients and bioactives in green leafy vegetables and cognitive decline: prospective 
study. Neurology. (2018) 90:e214–22. doi: 10.1212/WNL.0000000000004815

 30. Feng L, Cheah IK, Ng MM, Li J, Chan SM, Lim SL, et al. The association between 
mushroom consumption and mild cognitive impairment: a community-based cross-
sectional study in Singapore. J Alzheimers Dis. (2019) 68:197–203. doi: 
10.3233/JAD-180959

 31. Cui C, Birru RL, Snitz BE, Ihara M, Kakuta C, Lopresti BJ, et al. Effects of soy 
isoflavones on cognitive function: a systematic review and meta-analysis of randomized 
controlled trials. Nutr Rev. (2020) 78:134–44. doi: 10.1093/nutrit/nuz050

 32. Travica N, D'Cunha NM, Naumovski N, Kent K, Mellor DD, Firth J, et al. The 
effect of blueberry interventions on cognitive performance and mood: a systematic 
review of randomized controlled trials. Brain Behav Immun. (2020) 85:96–105.doi: 
10.1016/j.bbi.2019.04.001

 33. Hein S, Whyte AR, Wood E, Rodriguez-Mateos A, Williams CM. Systematic 
review of the effects of blueberry on cognitive performance as we age. J Gerontol A Biol 
Sci Med Sci. (2019) 74:984–95. doi: 10.1093/gerona/glz082

 34. Chauhan A, Chauhan V. Beneficial effects of walnuts on cognition and brain 
health. Nutrients. (2020) 12:550. doi: 10.3390/nu12020550

 35. Arias-Fernández L, López García E, Struijk EA, Rodríguez Artalejo F, Lana PA. 
Nut consumption and cognitive function: a systematic review. Nutr Hosp. (2019) 
36:1179–88. doi: 10.20960/nh.02566

 36. Barrera-Reyes PK, de Lara JC, González-Soto M, Tejero ME. Effects of cocoa-
derived polyphenols on cognitive function in humans. Systematic review and analysis 
of methodological aspects. Plant Foods Hum Nutr. (2020) 75:1–11. doi: 
10.1007/s11130-019-00779-x

 37. Kakutani S, Watanabe H, Murayama N. Green tea intake and risks for dementia, 
Alzheimer's disease, mild cognitive impairment, and cognitive impairment: a systematic 
review. Nutrients. (2019) 11:1165. doi: 10.3390/nu11051165

 38. Mancini E, Beglinger C, Drewe J, Zanchi D, Lang UE, Borgwardt S. Green tea 
effects on cognition, mood and human brain function: a systematic review. 
Phytomedicine. (2017) 34:26–37. doi: 10.1016/j.phymed.2017.07.008

 39. Zhu LN, Mei X, Zhang ZG, Xie YP, Lang F. Curcumin intervention for cognitive 
function in different types of people: a systematic review and meta-analysis. Phytother 
Res. (2019) 33:524–33. doi: 10.1002/ptr.6257

 40. Nurk E, Refsum H, Drevon CA, Tell GS, Nygaard HA, Engedal K, et al. Cognitive 
performance among the elderly in relation to the intake of plant foods. The Hordaland 
health study. Br J Nutr. (2010) 104:1190–201. doi: 10.1017/S0007114510001807

 41. Lefèvre-Arbogast S, Gaudout D, Bensalem J, Letenneur L, Dartigues JF, Hejblum 
BP, et al. Pattern of polyphenol intake and the long-term risk of dementia in older 
persons. Neurology. (2018) 90:e1979–88. doi: 10.1212/WNL.0000000000005607

 42. Prokopidis K, Giannos P, Ispoglou T, Witard OC, Isanejad M. Dietary Fiber intake 
is associated with cognitive function in older adults: data from the National Health and 
nutrition examination survey. Am J Med. (2022) 135:e257–62. doi: 
10.1016/j.amjmed.2022.03.022

 43. Ba DM, Gao X, Al-Shaar L, Muscat J, Chinchilli VM, Ssentongo P, et al. Mushroom 
intake and cognitive performance among US older adults: the National Health and 
nutrition examination survey, 2011-2014. Br J Nutr. (2022) 128:2241–8. doi: 
10.1017/S0007114521005195

 44. Cha S, Bell L, Williams CM. The relationship between mushroom intake and 
cognitive performance: an epidemiological study in the European investigation of 
Cancer-Norfolk cohort (EPIC-Norfolk). Nutrients. (2024) 16:353. doi: 
10.3390/nu16030353

 45. Yang Y, Zhu D, Qi R, Chen Y, Sheng B, Zhang X. Association between intake of 
edible mushrooms and algae and the risk of cognitive impairment in Chinese older 
adults. Nutrients. (2024) 16:637. doi: 10.3390/nu16050637

 46. Tessier A-J, Cortese M, Yuan C, Bjornevik K, Ascherio A, Wang DD, et al. 
Consumption of olive oil and diet quality and risk of dementia-related death. JAMA 
Netw Open. (2024) 7:e2410021. doi: 10.1001/jamanetworkopen.2024.10021

 47. Bigman G, Rusu ME, Kleckner AS, Sorkin JD, Jin Y, Talegawkar SA, et al. Plant-
based diets and their associations with physical performance in the Baltimore 
longitudinal study of aging. Nutrients. (2024) 16:4249. doi: 10.3390/nu16234249

 48. Johnson RJ, Tolan DR, Bredesen D, Nagel M, Sánchez-Lozada LG, Fini M, et al. 
Could Alzheimer's disease be a maladaptation of an evolutionary survival pathway 
mediated by intracerebral fructose and uric acid metabolism? Am J Clin Nutr. (2023) 
117:455–66. doi: 10.1016/j.ajcnut.2023.01.002

 49. Pase MP, Himali JJ, Jacques PF, DeCarli C, Satizabal CL, Aparicio H, et al. Sugary 
beverage intake and preclinical Alzheimer's disease in the community. Alzheimers 
Dement. (2017) 13:955–64. doi: 10.1016/j.jalz.2017.01.024

 50. Page KA, Chan O, Arora J, Belfort-Deaguiar R, Dzuira J, Roehmholdt B, et al. 
Effects of fructose vs glucose on regional cerebral blood flow in brain regions involved 
with appetite and reward pathways. JAMA. (2013) 309:63–70. doi: 
10.1001/jama.2012.116975

 51. Brun A, Gustafson L. Distribution of cerebral degeneration in Alzheimer's disease. 
A clinico-pathological study. Arch Psychiatr Nervenkr. (1976) 223:15–33.

 52. Dalile B, Kim C, Challinor A, Geurts L, Gibney ER, Galdos MV, et al. The EAT-
lancet reference diet and cognitive function across the life course. Lancet Planet Health. 
(2022) 6:e749–59. doi: 10.1016/S2542-5196(22)00123-1

 53. D'Cunha NM, Georgousopoulou EN, Dadigamuwage L, Kellett J, Panagiotakos 
DB, Thomas J, et al. Effect of long-term nutraceutical and dietary supplement use on 
cognition in the elderly: a 10-year systematic review of randomised controlled trials. Br 
J Nutr. (2018) 119:280–98. doi: 10.1017/S0007114517003452

 54. McCleery J, Abraham RP, Denton DA, Rutjes AW, Chong LY, Al-Assaf AS, et al. 
Vitamin and mineral supplementation for preventing dementia or delaying cognitive 
decline in people with mild cognitive impairment. Cochrane Database Syst Rev. (2018) 
2019:CD011905. doi: 10.1002/14651858.CD011905.pub2

 55. Rutjes AW, Denton DA, Di Nisio M, Chong LY, Abraham RP, Al-Assaf AS, et al. 
Vitamin and mineral supplementation for maintaining cognitive function in cognitively 
healthy people in mid and late life. Cochrane Database Syst Rev. (2018) 2019:CD011906. 
doi: 10.1002/14651858.CD011906.pub2

 56. Scarmeas N, Anastasiou CA, Yannakoulia M. Nutrition and prevention of 
cognitive impairment. Lancet Neurol. (2018) 17:1006–15. doi: 10.1016/S1474- 
4422(18)30338-7

 57. Andrieu S, Guyonnet S, Coley N, Cantet C, Bonnefoy M, Bordes S, et al. Effect of 
long-term omega 3 polyunsaturated fatty acid supplementation with or without 
multidomain intervention on cognitive function in elderly adults with memory 
complaints (MAPT): a randomised, placebo-controlled trial. Lancet Neurol. (2017) 
16:377–89. doi: 10.1016/S1474-4422(17)30040-6

 58. Ford AH, Almeida OP. Effect of vitamin B supplementation on cognitive 
function in the elderly: a systematic review and Meta-analysis. Drugs Aging. (2019) 
36:419–34. doi: 10.1007/s40266-019-00649-w

 59. Katz DL, Meller S. Can we say what diet is best for health? Annu Rev Public Health. 
(2014) 35:83–103. doi: 10.1146/annurev-publhealth-032013-182351

 60. Jacobs DR Jr, Tapsell LC. Food, not nutrients, is the fundamental unit in nutrition. 
Nutr Rev. (2007) 65:439–50. doi: 10.1111/j.1753-4887.2007.tb00269.x

 61. Scheerbaum P, Book S, Jank M, Hanslian E, DellO'ro M, Schneider J, et al. 
Computerised cognitive training tools and online nutritional group counselling for people 
with mild cognitive impairment: study protocol of a completely digital, randomised, 
controlled trial. BMJ Open. (2022) 12:e060473. doi: 10.1136/bmjopen-2021-060473

 62. Gößwald A, Lange M, Kamtsiuris P, Kurth BM. DEGS: German health interview 
and examination survey for adults. A nationwide cross-sectional and longitudinal study 
within the framework of health monitoring conducted by the Robert Koch institute. 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. (2012) 55:775–80. doi: 
10.1007/s00103-012-1498-z

 63. Scheerbaum P, Graessel E, Boesl S, Hanslian E, Kessler CS, Scheuermann JS. Are 
protective activities and limitations in practical skills of daily living associated with the 
cognitive performance of people with mild cognitive impairment? Baseline results from 
the BrainFit-nutrition study. Nutrients. (2023) 15:3519. doi: 10.3390/nu15163519

 64. Haftenberger M, Heuer T, Heidemann C, Kube F, Krems C, Mensink GBM. 
Relative validation of a food frequency questionnaire for national health and nutrition 
monitoring. Nutr J. (2010) 9:36. doi: 10.1186/1475-2891-9-36

https://doi.org/10.3389/fnut.2025.1536939
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3945/ajcn.2009.26736K
https://doi.org/10.3390/nu9080848
https://doi.org/10.1136/bmj.g6015
https://doi.org/10.1001/jamainternmed.2013.6473
https://doi.org/10.2337/dc10-1221
https://doi.org/10.1001/jamainternmed.2016.4182
https://doi.org/10.3945/jn.114.193706
https://doi.org/10.1002/mnfr.202000473
https://doi.org/10.1021/jf2053959
https://doi.org/10.1136/jnnp-2018-319148
https://doi.org/10.1212/WNL.0000000000004815
https://doi.org/10.3233/JAD-180959
https://doi.org/10.1093/nutrit/nuz050
https://doi.org/10.1016/j.bbi.2019.04.001
https://doi.org/10.1093/gerona/glz082
https://doi.org/10.3390/nu12020550
https://doi.org/10.20960/nh.02566
https://doi.org/10.1007/s11130-019-00779-x
https://doi.org/10.3390/nu11051165
https://doi.org/10.1016/j.phymed.2017.07.008
https://doi.org/10.1002/ptr.6257
https://doi.org/10.1017/S0007114510001807
https://doi.org/10.1212/WNL.0000000000005607
https://doi.org/10.1016/j.amjmed.2022.03.022
https://doi.org/10.1017/S0007114521005195
https://doi.org/10.3390/nu16030353
https://doi.org/10.3390/nu16050637
https://doi.org/10.1001/jamanetworkopen.2024.10021
https://doi.org/10.3390/nu16234249
https://doi.org/10.1016/j.ajcnut.2023.01.002
https://doi.org/10.1016/j.jalz.2017.01.024
https://doi.org/10.1001/jama.2012.116975
https://doi.org/10.1016/S2542-5196(22)00123-1
https://doi.org/10.1017/S0007114517003452
https://doi.org/10.1002/14651858.CD011905.pub2
https://doi.org/10.1002/14651858.CD011906.pub2
https://doi.org/10.1016/S1474-4422(18)30338-7
https://doi.org/10.1016/S1474-4422(18)30338-7
https://doi.org/10.1016/S1474-4422(17)30040-6
https://doi.org/10.1007/s40266-019-00649-w
https://doi.org/10.1146/annurev-publhealth-032013-182351
https://doi.org/10.1111/j.1753-4887.2007.tb00269.x
https://doi.org/10.1136/bmjopen-2021-060473
https://doi.org/10.1007/s00103-012-1498-z
https://doi.org/10.3390/nu15163519
https://doi.org/10.1186/1475-2891-9-36


Hanslian et al. 10.3389/fnut.2025.1536939

Frontiers in Nutrition 18 frontiersin.org

 65. Zhang S, Tomata Y, Sugiyama K, Sugawara Y, Tsuji I. Citrus consumption and 
incident dementia in elderly Japanese: the Ohsaki cohort 2006 study. Br J Nutr. (2017) 
117:1174–80. doi: 10.1017/S000711451700109X

 66. Beilharz JE, Maniam J, Morris MJ. Diet-induced cognitive deficits: the role of fat 
and sugar, potential mechanisms and nutritional interventions. Nutrients. (2015) 
7:6719–38. doi: 10.3390/nu7085307

 67. DGE. Gut essen und trinken – die DGE-Empfehlungen (2024). Published by the 
German Nutrition Society (DGE). Available online at: https://www.dge.de/gesunde-
ernaehrung/gut-essen-und-trinken/dge-empfehlungen/

 68. Schwarzer R. Self-regulatory processes in the adoption and maintenance of health 
behaviors. J Health Psychol. (1999) 4:115–27.

 69. Richter S, van Zyl LE, Roll LC, Stander MW. Positive psychological coaching tools 
and techniques: a systematic review and classification. Front Psych. (2021) 12:12. doi: 
10.3389/fpsyt.2021.667200

 70. Tobias Weigl JM. Motivierende Gesprächsführung  - Eine Einführung (2019). 
Published by Springer Fachmedien Wiesbaden.

 71. Kritz-Silverstein D, Bettencourt R. The longitudinal Association of egg 
Consumption with cognitive function in older men and women: the rancho Bernardo 
study. Nutrients. (2023) 16:53. doi: 10.3390/nu16010053

 72. Kritz-Silverstein D, Bettencourt R. Egg consumption and 4-year change in 
cognitive function in older men and women: the rancho Bernardo study. Nutrients. 
(2024) 16:2765. doi: 10.3390/nu16162765

 73. Igbinigie PO, Chen R, Tang J, Dregan A, Yin J, Acharya D, et al. Association 
between egg consumption and dementia in Chinese adults. Nutrients. (2024) 16:3340. 
doi: 10.3390/nu16193340

 74. Pan Y, Wallace TC, Karosas T, Bennett DA, Agarwal P, Chung M. Association of 
egg Intake with Alzheimer's dementia risk in older adults: the rush memory and aging 
project. J Nutr. (2024) 154:2236–43. doi: 10.1016/j.tjnut.2024.05.012

 75. Obeid R, Karlsson T. Choline  - a scoping review for Nordic nutrition 
recommendations 2023. Food Nutr Res. (2023):67. doi: 10.29219/fnr.v67.10359

 76. Nationale Verzehrsstudie II. Ergebnisbericht Teil 2. Die bundesweite Befragung 
zur Ernährung von Jugendlichen und Erwachsenen. Karlsruhe: Max-Rubner Institut; 
(2008). 77–81.

 77. Mensink G, Barbosa CL, Brettschneider A-K. Verbreitung der vegetarischen 
Ernährungsweise in Deutschland. Epidemiologie und Gesundheitsberichterstattung: 
Robert Koch-Institut (2016).

 78. Kuhn D-A. Entwicklung eines Index zur Bewertung der Ernährungsqualität in der 
Studie zur Gesundheit Erwachsener in Deutschland. DEGS1: Robert Koch-Institut (2018).

 79. Hirschfelder G. Europäische Esskultur. Frankfurt: Campus Verlag (2005). 210ff p.

 80. Mensink GBM, Truthmann J, Rabenberg M, Heidemann C, Haftenberger M, 
Schienkiewitz A, et al. Obst- und Gemüsekonsum in Deutschland. Bundesgesundheitsbl 
Gesundheitsforsch Gesundheitsschutz. (2013) 56:779–85. doi: 10.1007/s00103-012-1651-8

 81. Forsa. Ernährungsreport 2023  - Ergebnisse einer repräsentativen 
Bevölkerungsbefragung BMEL (Bundesministerium für Ernährung und Landwirtschaft) 
(2023). Published by the German Federal Ministry of Food and Agriculture (BMEL).
Available online at: https://www.bmel.de/SharedDocs/Downloads/DE/_Ernaehrung/
forsa-ernaehrungsreport-2023-tabellen.pdf?__blob=publicationFile&v=2.

 82. Mukadam N, Wolters FJ, Walsh S, Wallace L, Brayne C, Matthews FE, et al. Changes 
in prevalence and incidence of dementia and risk factors for dementia: an analysis from 
cohort studies. Lancet Public Health. (2024) 9:e443–60. doi: 10.1016/S2468-2667(24)00120-8

https://doi.org/10.3389/fnut.2025.1536939
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1017/S000711451700109X
https://doi.org/10.3390/nu7085307
https://www.dge.de/gesunde-ernaehrung/gut-essen-und-trinken/dge-empfehlungen/
https://www.dge.de/gesunde-ernaehrung/gut-essen-und-trinken/dge-empfehlungen/
https://doi.org/10.3389/fpsyt.2021.667200
https://doi.org/10.3390/nu16010053
https://doi.org/10.3390/nu16162765
https://doi.org/10.3390/nu16193340
https://doi.org/10.1016/j.tjnut.2024.05.012
https://doi.org/10.29219/fnr.v67.10359
https://doi.org/10.1007/s00103-012-1651-8
https://www.bmel.de/SharedDocs/Downloads/DE/_Ernaehrung/forsa-ernaehrungsreport-2023-tabellen.pdf?__blob=publicationFile&v=2
https://www.bmel.de/SharedDocs/Downloads/DE/_Ernaehrung/forsa-ernaehrungsreport-2023-tabellen.pdf?__blob=publicationFile&v=2
https://doi.org/10.1016/S2468-2667(24)00120-8

	Effects of nutritional counseling on dietary patterns in patients with mild cognitive impairment: insights from the BrainFit-Nutrition study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Eligibility of participants
	2.3 Outcomes
	2.4 Recruitment and randomization
	2.5 Survey instruments
	2.6 Data collection
	2.7 Statistical analysis
	2.8 Nutritional concepts and interventions
	2.8.1 Online nutritional group counselling
	2.8.2 Counselling focusing on a WFPB diet
	2.8.3 Counselling focusing on a DGE diet
	2.8.4 Food boxes
	2.8.5 Adherence to dietary recommendations
	2.8.6 Didactical and methodical concept

	3 Results
	3.1 FFQ longitudinal data
	3.2 Nutritional changes
	3.3 Vegetables, fruits, legumes and whole grains
	3.4 Animal products
	3.5 Plant-based alternatives
	3.6 Neuroprotective food items
	3.7 Fast food, snacks, sweets, sweet beverages, and alcohol
	3.8 Frequency of cooking
	3.9 Other parameters

	4 Discussion
	4.1 Strengths and limitations

	5 Conclusion

	 References

