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Summary and Discussion

Chapter 





Summary & Discussion
This thesis studied lifestyle in relation to brain health in non-demented elderly, in 

the context of dementia prevention. More specifically, the aims of this thesis were 

to investigate the association of nutrition with clinical characteristics and cognition, 

and to develop an online lifestyle program to optimize brain health in co-creation 

with individuals with subjective cognitive decline (SCD).

In this chapter, we first summarize the findings of this thesis. Then, several 

considerations of the studies that were conducted will be discussed. We conclude 

with implications for patient care and future research directions.

Summary 
Nutritional intake, clinical characteristics and cognition
Studies on nutrition and brain health are promising, as they show associations 

between nutritional intake and brain health (e.g. [1, 2]). However, most studies 

were conducted in population-based samples. Since these results cannot 

be easily generalized to other populations, for example to individuals with 

cognitive complaints, there is a need for studies in these specific populations. 

We therefore investigated the link between nutritional intake and both clinical 

characteristics and cognition in those at risk for dementia. As studies suggested 

that dietary patterns might be more effective than single nutrients or foods to 

influence health [3, 4], we used dietary patterns to determine nutritional intake. 

In chapter 2 we studied the relationship between dietary quality and clinical 
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Key findings
 - Dietary quality was related to clinical characteristics in individuals with SCD.

 - Mediterranean diet, MIND diet, and a data-derived dietary pattern were related 

to memory and language function in a group of non-demented elderly enriched 

with individuals at risk for AD. 

 - Pooled data of effectiveness evaluations of online multi domain lifestyle 

programs showed a positive effect on brain health outcomes.

 - Future users indicated that program characteristics as well as personal factors 

would influence their intended use of an online lifestyle program. 

 - After a 30-day user test, an international group of individuals with SCD reported 

moderate to positive user-experiences of HelloBrain and high appreciation of the 

content on lifestyle and brain health.

 - Areas for optimization of the online program were identified, including 

fine-tuning of technical aspects as well as extended personalization of content.

 - It was feasible to reach an international group of motivated individuals with SCD 

for brain health promotion using an online self-applied lifestyle program. 



characteristics in cognitively normal individuals with SCD. Using a data-driven 

approach, we identified three dietary patterns, which we labelled: (i) ‘low-Fat-

low-Salt’, (ii) ‘high-Veggy’, and (iii) ‘low-Alcohol-low-Fish’. We showed that 

dietary quality was related to clinically relevant outcomes in individuals with 

SCD. Higher scores on ‘high-Veggy’ (more intake of fruit, vegetables, fish and 

fibers) were associated with higher MMSE-score. In addition, individuals 

who scored low on ‘low-Fat-low-Salt’ (more intake of fat and salt) had more 

depressive symptoms. No associations were found with the ‘low-Alcohol-low-Fish’ 

component. These findings could be useful to identify individuals that might 

benefit most from strategies to optimize brain health.

In chapter 3, we investigated associations between dietary intake and 

cognitive functioning in non-demented elderly. In this study, dietary patterns 

were operationalized by both predefined diets (Mediterranean and MIND diet) 

and data-derived dietary patterns. We found that adherence to the Mediterranean 

diet and MIND diet was associated with better memory performance. Moreover, 

our findings based on exploratory data-derived dietary patterns, supported that 

light-to-moderate alcohol consumption was associated with better cognitive 

scores. In a sensitivity analysis where we excluded subjects with cognitive 

impairments, we found that Mediterranean and MIND diet were also related to 

language functions. The findings of this study are in line with data from elderly 

population samples. It is encouraging that the link between nutrition and 

cognition was also present in individuals that potentially are at early stages of 

cognitive decline, as this group could be considered a target group for nutrition-

based interventions.

Online lifestyle programs to optimize brain health
There is a need for initiatives to optimize brain health. Studies suggest that a 

healthy lifestyle could benefit brain health and prevent dementia [5]. Offering 

a lifestyle program online would allow reaching a large group of users. It is 

important that an online program fits the needs and digital skills of the users, 

for better acceptance and implementation of the program. Research suggests 

that individuals with SCD are at increased risk for dementia [6, 7]. In the clinic, 

we experience that individuals with SCD have questions about lifestyle and brain 

health and are interested in prevention strategies. We aimed to develop an online 

lifestyle program in co-creation with individuals with SCD.

First, we provided an overview of existing online multi domain lifestyle 

programs aimed at optimizing brain health in healthy adult populations 

(chapter 4). Based on an extensive literature search, we found 44 documents 

describing 14 online lifestyle programs. The programs showed heterogeneity in 

characteristics, such as targeted lifestyle factors or duration of the program. In 
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addition, the methods and results of the evaluation of effectiveness, adherence 

and user-experiences were heterogeneous and often not clearly described. Three 

studies were suitable for inclusion in the meta-analysis, as they evaluated 

program effectiveness using a controlled design. We found that online lifestyle 

programs can positively influence brain health outcomes and have the potential 

to contribute to the prevention of dementia, despite heterogeneity in the design 

and content of the intervention programs. 

Next, we investigated barriers and facilitators for the use of an online lifestyle 

program in individuals with SCD in three European countries (chapter 5). We 

used mixed methods, combing a survey and semi-structured interviews. We 

found that almost all participants used the Internet on a daily basis. Participants 

reported ‘trustworthiness’, ‘user-friendliness’, and ‘up-to-date information’ 

as main facilitators, whereas ‘having contact with other users’, ‘needing an 

account’, and ‘assignments’ were reported as barriers. Barriers differed slightly 

between countries, but facilitators overlapped. In-depth interviews revealed 

that both program characteristics (e.g., trustworthiness, user-friendliness, 

and personalization) and personal factors (e.g., expectancy to receive negative 

feedback) were expected to influence the intended use of an online lifestyle 

program.

Based on this end users’ input and in co-creation with individuals with SCD, 

we developed an online multi domain lifestyle program. We used an iterative 

process of co-creation, including focus groups and pilot tests to evaluate and 

adapt the program throughout the development. We performed a feasibility 

study to optimize study procedures. Finally, we evaluated the user-experiences 

of our online lifestyle program using mixed methods (chapter 6). Overall 

user-experience of the online lifestyle program was moderate to positive. During 

the user test the participants received daily brain buffs (Dutch: Oppepper). These 

consist of short lifestyle advices, accompanied by a short explanation why this 

brain buff would be good for brain health. For example, ‘Learn the word for 'thank 

you' in 2 new languages’ or ‘Today after diner, take a 20 minute walk’. Preference 

for a category, choosing from physical activity, social activity, mental activity, 

attitude and lifestyle, highly differed between participants. Also, every lifestyle 

advice received both lowest and highest ratings. These heterogeneities highlight 

the need for personalization. Participants reported that the program increased 

awareness of lifestyle factors that may contribute to brain health. These findings 

support the use of online self-applied lifestyle programs when aiming to reach 

large groups of motivated at-risk individuals for brain health promotion.
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General discussion
Lifestyle and prevention
Promising but early days

Dementia is a large societal problem. In the Netherlands alone, 5 individuals 

receive a dementia diagnosis every hour [8]. The interest in lifestyle as a potential 

target to optimize brain health is growing. This is illustrated by a recent opinion 

letter of 67 Dutch experts, in which they advocate for larger governmental 

investments in lifestyle-based dementia prevention [9]. Current evidence, based 

on many observational studies and a few trials, indeed suggests that a healthy 

lifestyle contributes to brain health and may prevent or delay cognitive decline 

and dementia [10, 11]. In recent years it has been found that multi domain 

interventions might be more effective than interventions targeting a single 

lifestyle factor [12]. When summarizing the evidence on risk factors for dementia, 

it was even suggested that if we would succeed in eliminating all modifiable 

risk factors for dementia in all people, we would be able to prevent 1 out of 3 

new dementia cases [13]. In addition to these positive results of face-to-face 

interventions, we found that online multi domain lifestyle interventions also 

may be effective in optimizing brain health (chapter 4). Moreover, we found that 

it was feasible to offer an online lifestyle program to an international group of 

individuals with SCD and that the users appreciated the brain health related 

content (chapter 5 and 6), paving the way for future initiatives to improve and 

implement online lifestyle programs for brain health promotion. 

Even though lifestyle research for brain health shows great promise, a 

critical reflection on the current evidence of lifestyle-based interventions to 

optimize brain health is still needed. Up till now, evidence is mainly based 

on correlational research, hindering interpretation of the direct causal 

consequences of eliminating certain lifestyle-based risk factors. High-quality 

follow-up studies and randomized controlled trials are needed to systematically 

investigate the effect of lifestyle interventions on cognition [11, 12]. In addition, 

studies are needed on the mechanisms that are underlying the positive effects 

of lifestyle interventions on brain health. Bodily processes that are influenced 

by an intervention can be directly investigated. For example, aerobic exercise 

has shown to improve cardiovascular fitness and cognitive functioning [14]. 

However, the effect of for example social activity on brain health is more difficult 

to capture. Another difficulty is that we currently don’t know in what stage of life 

lifestyle interventions pose the most beneficial effect. And in addition, which 

interventions dosage, such as frequency and duration, are optimal. For example, 

would having a 6-week physical exercise intervention be sufficient to modify a 

lifelong risk for dementia? And does the effect remain after the intervention, or 

should the intervention be continued to maintain the effect? Further, lifestyle 
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interventions research faces challenges regarding generalization. This means 

that, when for example memory is being trained using cognitive training, the 

performance on specific tasks will improve but this effect does not extend to 

cognitive functioning in daily life. Finally, as in all lifestyle research, it is difficult 

to achieve large effect sizes due to the challenges in creating enough contrast 

between the control and intervention condition and in sensitive outcome 

measures to pick up that subtle contrast. Therefore, the clinical meaningfulness 

of effects should be taken into account when interpreting results of intervention 

studies. These examples illustrate the need for large-scale high-quality trials, 

that carefully considered the outcome measure and possible confounders. We 

should interpret results of lifestyle-based interventions while considering these 

methodological issues. While theoretical models on the potential of dementia 

risk reduction are very promising, they are mainly based on cross-sectional 

studies. We should interpret these with caution, as completely eliminating 

modifiable risk factors on lifelong exposures is unrealistic.

While reducing 35% of dementia risk factors is not realistic, it should be 

noted that a small reduction in new dementia cases would already result in 

large societal benefits. It was estimated that a 1-year delay in the onset of AD 

would prevent 11.8 million incident AD cases worldwide [15]. Based on this large 

societal impact that reduction of modifiable risk factors for dementia could 

induce, experts agree that the current evidence calls for future research to 

strengthen evidence as well as promotion of lifestyle to optimize brain health [9]. 

Recommendations have been published to improve study design and reporting 

in both classic and computerized or eHealth lifestyle interventions (e.g. [16, 17]). 

Results of more large-scale high-quality trials, such as the World Wide FINGERS 

trial [18] or the online Maintain your Brain trial [19], are expected in the near 

future. 

Nutrition in at-risk populations

We zoomed in on nutrition as a modifiable risk factor of dementia. Studies have 

suggested that the relationship between nutrition and cognition might be most 

evident for dietary patterns compared with single foods or nutrients [2]. Dietary 

patterns that were shown to be positively related to brain health are for example 

the Mediterranean and MIND diet [1, 20-22]. Studies on nutrition and cognition 

have mainly focused on healthy populations, or individuals further in the course 

of AD. Studies on the populations in between, such as individuals with cognitive 

complaints, are mostly lacking [23, 24]. The absence of nutrition-based studies 

in this specific population is problematic. Results from existing studies cannot 

simply be generalized to other populations because the link between nutrition 

and cognition might be different in different populations. For example, a positive 
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association between Mediterranean and MIND diet and cognition was found in 

healthy seniors, but not in individuals with MCI or AD [25]. As individuals with 

SCD are of interest for prevention strategies, knowledge on the relationship 

between nutritional intake and cognition in this population is crucial.

The first aim of this thesis was to investigate the link between nutrition 

and cognition in non-demented elderly. In both the SCIENCe study [26] and 

DELCODE-study [27] (prospective cohort studies) nutritional data collection was 

set-up recently, in order to fill the knowledge gap on the link between nutrition 

and cognition in clinical samples of people in the earlies stages of AD. We 

investigated the relationship of nutrition with clinical characteristics (chapter 

2) and cognition (chapter 3) in clinical samples of people ranging from healthy 

controls to individuals with MCI. We found that the dietary quality of individuals 

with SCD offered room for improvement, contributing to their potential as an 

intervention target group. Based on the findings of our studies, we concluded 

that the link between nutrition and cognition is indeed present in these clinical 

samples of non-demented individuals either with cognitive complaints (SCD; 

chapter 2) or at increased risk for AD dementia (chapter 3). Our sensitivity 

analysis showed that in the cognitive normal individuals, excluding individuals 

with MCI, the Mediterranean and MIND diet were not only related to memory 

but also language (chapter 3). This is in line with other studies that also found 

associations between nutrition and cognition being most pronounced in memory 

and language [28, 29].

Due to the cross-sectional design of our studies, we cannot draw conclusions 

on the temporality and causality of our findings. However, it is not likely that 

individuals worsen their diet when noticing cognitive changes. In addition, we 

did not find differences in nutritional intake between the diagnostic groups 

(chapter 3). Therefore, our findings might suggest that nutrition indeed has 

beneficial effects on brain health. These cross-sectional studies were necessary 

to first show that the link between nutrition and cognition is indeed also present 

in these clinically relevant populations. Future longitudinal studies are needed to 

investigate the effect of nutrition on the rate of cognitive decline in individuals 

with SCD and other samples that are of interest for nutrition-based prevention 

strategies. In addition, intervention studies are needed to study the potential 

of nutrition to delay of prevent cognitive decline. Literature suggests that 

individuals with SCD could be a target population for lifestyle-based prevention 

[23]. This starting point was confirmed by our studies, showing room for 

improvement regarding adherence to nutritional guidelines and the presence of 

the link between nutritional intake and cognition.
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EHealth to optimize brain health: chances and challenges
EHealth for healthy brain behavior

Dementia is a global health burden, highlighting the need for large scale 

interventions. The second aim of this thesis was to develop an international 

online multi domain lifestyle program to optimize brain health specifically for 

individuals with SCD. EHealth tools have been shown to successfully modify 

lifestyle behavior, for example increase physical activity in older adults [30] 

or increase fruit and vegetable intake [31]. In addition, EHealth tools have 

advantages over face-to-face interventions, such as capacity to host a large 

group of individuals, flexibility in time and place of access, and computerized 

and structured tailoring or feedback options. If eHealth tools are developed and 

implemented, they have the opportunity to become very cost-effective, because 

they could be offered on a large scale with relatively little additional resources 

compared to developed and implemented face-to-face interventions [32]. 

First, we have explored the field of eHealth regarding online lifestyle 

programs to optimize brain health by conducting a systematic review and 

meta-analysis (chapter 4). Our main finding was a positive effect of online 

multi domain lifestyle programs on brain health outcomes. The programs in the 

meta-analysis targeted 2 to 7 lifestyle factors, all including at least physical and 

cognitive activities. Program duration lasted from 4 to 12 weeks and frequency 

differed from 1 to 4 times per week or was not specified. Because of these large 

differences in program characteristics, we cannot draw any conclusions on the 

effective elements or dosage of the programs, other than that at least a physical 

and cognitive activity were included in the programs that showed to be effective 

and, therefore, these two targets combined seems beneficial for brain health. As 

cognitive training alone was found to be beneficial for cognitive functioning in 

older adults without cognitive impairment [33], more research is needed to look 

into the potential added value of multi domain interventions. In addition, sample 

sizes were small and the effectiveness studies were heterogeneous, which 

should be taken into account when interpreting our findings. All in all, this overall 

positive effect is a promising finding for online initiatives to optimize brain 

health in cognitively normal elderly. We recommended researchers to report more 

details regarding program descriptions as well as the methods and results of 

program evaluations. This will advance the field, and ultimately lead to programs 

most effective in stimulating healthy brain behaviors. 

Challenges: sustainability and privacy

Despite the potential of online programs, developing an eHealth tool with 

good adherence of the users and sustainable implementation, remains a key 

challenge in the field [34-36]. We experienced two main challenges during 
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the development and testing of the online program, and when exploring 

implementation options. The first challenge related to the sustainability of 

the program. Our review (chapter 4) underlined that it is difficult to develop 

sustainable online programs, as only a minority of the included programs (4/14) 

was publicly available free of charge, and two programs were not available at all 

anymore. In addition, while some programs were available online, publications 

reporting on program evaluations were often lacking, hindering program quality 

assessment. This lack of successful implementation was also previously 

reported for eHealth interventions for caregivers of people with dementia [37, 

38]. One major reason for low availability of programs which we also experienced 

ourselves, is finished research funding after a project ends. The funding for 

online hosting and personnel to keep the tool up-to-date also ends when the 

funding ends. Nonetheless, efforts and resources should be made available to 

further develop and implement the program. It is worthwhile to explore if the 

program can be implemented into platforms that are already established and 

have a prove visitor traffic and online manager in place. We will implement the 

content of our program HelloBrain onto the established website of the Alzheimer 

Center Amsterdam (www.alzheimercentrum.nl). This allows us to refer patients 

and other interested people to our content. With this decision we lose the 

interactive element of our program for now. In the mean time we will explore 

possibilities to keep the interactive app and website HelloBrain online. It was 

suggested that besides efforts to optimize the eHealth application and involve 

the target group, researchers should focus on the implementing organization 

and wider context of the eHealth tool [37]. We recommend funding agencies to 

set additional requirements for eHealth projects. This could include a specific 

plan to facilitate and prepare implementation of the innovation. For example, 

starting a collaboration with an established platform partner as project partner 

to implement the innovation, including a future plan for the costs of continued 

hosting after the funding ends. Setting up a business plan to implementation 

and maintenance of the tool is expected to facilitate actual implementation [37], 

which would benefit the field, because well-developed tools will stay available to 

investigate long-term use and effects of eHealth tools.

Our second challenge concerned privacy issues during development and 

implementation of the online program. Literature showed that interventions 

that use tailoring to personalize program content based on characteristics 

of the user (e.g. current lifestyle, or willingness to change behavior), were often 

more effective that interventions that were not tailored [39-41]. Based on our 

survey study and interviews that indicated the need for relevant and personal 

content (chapter 5), we developed a tool that could tailor content based on a 

personal profile. However, due to the requirements of ethical approval for the 
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user tests and the General Data Protection Regulation (GDPR; Dutch: ‘Algemene 

Verordening Gegevensbescherming’ (AVG)), we were not allowed to collect 

personal information via the online program and therefore, the personal profile 

was deactivated. This was very unfortunate, because one of the main conclusions 

of our user test was that participants would have liked personalization of the 

online lifestyle program (chapter 6). This emphasizes the urgency to fine-tune 

the interplay between adequate use of privacy regulations and personalization. 

The privacy regulations that are implemented to protect citizens, cause facilities 

aimed at helping the same individuals to reach only suboptimal capacities. We 

deem patient privacy and data protection highly important. Our project was 

set-up during the implementation of the AVG, limiting the ethical committees’ 

experience with reviewing projects in the light of these new regulations. We 

encourage the ethical committees to try to reach a balance between handling 

privacy regulations and personalization in eHealth tools. Only this way we 

can facilitate the development of, and meet the need for well-developed and 

sustainable eHealth.

Chances: co-creation with users to optimize online programs

Co-creation is a collaboration in which end-users and other stakeholders are 

involved during the development and implementation of an eHealth intervention 

[35]. Co-creation is reported to contribute to the usability and acceptance of 

a tool, since a tool will be better adjusted to the wishes and preferences of the 

users [35, 42]. For example, the content of an online program can be fitted to 

the wishes of the users, leading to an increase in the perceived usefulness. In 

addition, users have tested the program at multiple stages of development 

and technical adaptations were made. The program will therefore better fit the 

digital skills of the users, which contributes to the usability of the program 

[43]. We identified room for improvement of evaluation of user-experiences, 

because these user-concepts were only evaluated for half of the programs and 

the methods for these evaluations were underreported (chapter 4). Larger 

multi domain lifestyle-based interventions have published research protocols 

and study results (e.g. [44-46]), which increases knowledge about good 

study design and effectivity. However, information on methods and results 

of user-involvement during development are often lacking. In our project, we 

emphasized the involvement of users by means of co-creation during the 

development of the online program. We focused on participant input in all 

stages of development by conducting a survey study, interviews (chapter 5), 

focus groups, a feasibility study and user-tests (chapter 6). This was a time 

consuming process, demanding high effort and flexibility of the researchers 

and the technical party. However, looking back at our iterative process of input 
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and adaptations, this set-up was of high value and we acknowledge that this 

online lifestyle program in its current form only could have been established 

with the input of the users. In our review we found that it is often unclear if and 

how users are involved in development of eHealth tools (chapter 4). Based on our 

experiences and current literature, we recommend tight collaboration with the 

end-users when developing an eHealth tool followed by detailed reporting on how 

co-creation was performed.

Subjective cognitive decline 

The studies in this thesis mainly focused on individuals with SCD. SCD refers 

to self-reported cognitive complaints without objective cognitive impairment 

on neuropsychological tests. A substantial part of the individuals that visit the 

memory clinic, is labeled ‘SCD’ [47]. Individuals with SCD were found to be at 

increased risk for MCI and dementia [7, 48]. Research is more and more focusing 

on individuals at-risk of dementia. Therefore, individuals with SCD have become 

a well-studied group. This group reports a need for brain health information 

(chapter 5). Also, individuals with SCD are enthusiastic to participate in brain 

research. We also experienced this during study recruitment, as we included 

more participants than expected beforehand. We found that Internet is a primary 

source of information on brain health for individuals with SCD (chapter 5). 

Moreover, reaching this group using an online lifestyle program was feasible 

(chapter 6). We concluded that an online lifestyle-based brain health tool can 

have added value for specifically this group of individuals. 

When including individuals with SCD in studies, it is important to consider 

that although at a group level they are at increased risk for MCI and dementia, 

the majority however will not develop a cognitive impairment [7, 49]. A variety 

of factors can be the cause of SCD [6, 50], including normal aging, psychiatric 

disorders and fear of dementia [51]. Depending on the cause of SCD, some 

individuals might benefit from brain health optimization, while others might 

benefit most from for example interventions that aim to improve psychological 

well-being. At this moment we cannot yet clearly distinct individuals with 

SCD that have a higher risk for dementia from those that are worried-well. As 

individuals with SCD as a target group for interventions are quite heterogeneous, 

the effect of the intervention might not (only) be in lifestyle or cognition-related 

changes. We therefore recommend researchers that aim to develop and evaluate 

interventions for individuals with SCD, to carefully consider the outcome 

measures. The last decade, a protocol on SCD criteria that are suggested to 

be related to the increased risk for dementia was published [6]. Research on 

the characterization of SCD is making progress (e.g., [52, 53]), unraveling the 

characteristics of individuals at-risk for MCI or dementia [50]. This is valuable 
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for future interventions in SCD, as it will facilitate targeting the appropriate 

subgroup of individuals with SCD.

Methodological considerations
Study population: heterogeneity in recruitment

Besides the heterogeneity of individuals with SCD in general, there are some 

specific methodological issues regarding heterogeneity of our study populations. 

In the studies of this thesis, non-demented elderly were recruited via different 

routes. Research suggests that populations that are recruited in different ways 

have other characteristics, and therefore specifying recruitment methods is 

important [50, 54]. The study populations in the first part of this thesis, are both 

described as populations with an increased risk for AD or dementia. However, 

the first study (chapter 2) was conducted in individuals with SCD, whereas the 

second study (chapter 3) was conducted in a population of healthy controls, 

individuals with SCD, individuals with a cognitive impairment namely MCI, and 

first degree relatives of AD patients. Regarding the development and user-testing 

of the online program, we have included only participants with SCD, but using 

various recruitment strategies. We have recruited individuals from three 

European memory clinics (chapter 5) that have slightly different protocols 

for patient assessment [27, 47]. This might lead to differences in populations 

recruited via different centers [54]. In addition, we recruited individuals via 

brain research registries in the Netherlands and Germany. These registries have 

different protocols for labeling participants as having SCD, using an extensive 

screening, or self-report of cognitive complains and not having a cognitive 

impairment. Individuals that do visit a memory clinic when experiencing 

cognitive decline are thought to differ from individuals that do not visit a 

memory clinic. We have decided to recruit via these different routes, to facilitate 

the inclusion of participants but also to include a sample representative 

for individuals with SCD as found in the general population. The methods of 

recruitment should be taken into account when elaborating on our results and 

when further implementing the developed online lifestyle program.

Mixed-methods

At several stages In the process of developing the online lifestyle program, 

we used mixed-methods to evaluate users’ preferences and feedback. Mixed 

methods means the made use of both quantitative and qualitative methods 

[55, 56]. Quantitative measures can be compared more easily to other measures 

and are well-interpretable for users that are familiar with the specific measure. 

However, quantitative measures allow data collection on topics that were 

deemed important by the researchers beforehand. Qualitative methods, such 
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as interviews, allow participants to also initiate topics that are relevant for 

them, but that might have otherwise not been mentioned by the predefined 

quantitative measures. Also, qualitative methods could provide in-depth insights 

into findings and sometimes explain quantitative findings. Qualitative methods 

are, however, time-consuming and are more difficult to compare between 

studies, because iterative processes allow data collection methods to adapt 

during the study [57-59].

Using mixed-methods, we identified additional factors that were important 

for the use of an online lifestyle program (chapter 5) and we gained insight in 

the moderate user-experiences (chapter 6) which allowed us to better interpret 

these results. Also, presentation of additional qualitative data, namely quotes, 

is often of added value, since they directly appeal to one's imagination in 

contrast to many quantitative outcomes. We were able to conduct interviews in 

Amsterdam and Cologne. Due to limited resources, the German interviews were 

summarized and compared to the coding system that emerged from the Dutch 

qualitative data. To ensure similar procedures and to observe whether indeed 

same topics would arise, a Dutch researcher attended the German interviews. 

Best qualitative practice would have included coding of verbatim transcripts of 

the German interviews as well. However, we decided that including international 

qualitative data would be of added value and we took precautions as described in 

chapter 5 to ensure that robust data would be collected. 

Studies included in our review mentioned qualitative debriefing and a survey 

as methods to evaluate user-experiences of an online lifestyle program to 

optimize brain health, but no clear descriptions of a mixed-methods approach 

and its results were available. For HATICE, the reasons for participation in a 

multinational eHealth prevention trial were investigated using mixed-methods, 

combining a questionnaire and semi-structured interviews [60]. The researchers 

highlighted that these results are useful for the next steps, as emphasizing these 

reasons could facilitate future recruitment. For other fields, it is already more 

common to report results of mixed-methods user-evaluations. For example, a 

study on an eHealth intervention to increase physical activity, combined users’ 

website data and semi-structured interviews [61]. The interviews gave insight 

into quantitative findings, for example, that some of the program options to 

operationalize behavior change techniques (e.g., ‘feedback on performance’, 

‘prompting review of behavioral goals’) were appreciated, while others (e.g., 

’barrier identification/problem solving’) frustrated the users. Based on the 

interviews, the researchers could accurately interpret the quantitative findings. 

We also experienced that combining quantitative and qualitative methods 

provided essential information, that is expected to contribute to successful 

development of a eHealth tool, that now fits the preferences and digital skills 
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of the users. Qualitative methods are of added value for many research projects 

in either setting-up a study or interpreting the study findings. We encourage 

medical researchers to familiarize with qualitative research methods, since 

robust qualitative results can be established when using well-conducted and 

reported qualitative methods [62].

Cross-cultural differences

A white paper was recently published underlining the gap in scientific literature 

regarding the impact of different ethnical or racial factors [63]. In our European 

EuroSCD project [Box 1], we aimed to develop an online lifestyle program that 

would be suitable for multiple nationalities by taking into account cultural 

differences [64] (chapter 4 and 5). Also, an international development has the 

advantage that cross-cultural differences can be taken into account during 

development, instead of changing a program to fit different nationalities after 

development. However, a cross cultural study also poses challenges. Due to 

differences in resources and ethical requirements between centers, it was not 

achievable to include participants from all centers in each step of our study. 

In addition, although we collaborated with 3 European memory clinics, the 

diversity between our samples was relatively low, with participants being mainly 

high educated white individuals. Although we wanted to take into account 

cross-cultural differences, we cannot generalize our findings on feasibility of an 

online lifestyle program to more diverse populations and this should therefore be 

considered as a limitation to the current study.

Outcome measures of lifestyle and cognition in non-demented elderly

Many methods are available to measure nutritional intake [65] and cognitive 

functioning (e.g., [66]). We used two different questionnaires to assess nutritional 

intake, both embedded in extensive research protocols. First (chapter 2), we 

evaluated whether the diet of individuals with SCD in the memory clinic on the 

[Box 1] The Euro-SCD project is an European collaboration between three memory clinics, 
namely the Alzheimer Center Amsterdam, the Netherlands, the University Hospital in Co-
logne, Germany, and the IDIBAPS Hospital Clinic in Barcelona, Spain. The EuroSCD-project 
aimed to 1) create a transnational, harmonized definition and assessment protocol of SCD 
for early intervention trials and 2) develop an online self-applied lifestyle-based program to 
optimize brain health in the context of dementia prevention, specifically focusing on the 
individuals with SCD. The project was funded by the EU Joint Programme – Neurodegene-
rative Disease Research (JPND grant no. JPND_PS_FP-689-019 - ZonMw grant no. 733051043 
[Dutch]; BMBF grant no. 01ED1508 [German]).
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level of food groups offered room for improvement. Using the DHD-FFQ [67], we 

evaluated the intake of eight food groups. A score on adherence to a nutritional 

guideline, reflecting dietary quality, was calculated. Using this type of screener 

was feasible and facilitated nutritional data collection in the already extensive 

research protocol. Also, information on the intake of eight food groups facilitates 

translation of findings into dietary recommendation. Second (Chapter 3), 

we assessed the diet of German non-demented elderly, using an extensive 

food frequency questionnaire (EPIC-FFQ [68, 69]). This questionnaire provides 

information on the level of nutrients and foods. This information was needed 

to calculate the predefined dietary pattern scores and identify data-derived 

pattern scores. We deem these methods feasible and appropriate for our 

research goals and would recommend such validated, easy-to-use and moderate 

time-consuming questionnaires to facilitate data collection of relatively large 

groups in clinical research settings. 

In chapter 2 and 3 we also used different outcome measures related to 

cognitive functioning. First (chapter 2), we assessed clinical characteristics 

including global cognition, cognitive complaints and depressive symptoms. 

We used a cognitive screening measure and questionnaires which were part 

of a memory clinic work up. This set-up fits a memory clinic routine and these 

measures could be easily implemented in daily practice. Second (chapter 

3), we used an extensive neuropsychological test battery to assess cognitive 

functioning in five cognitive domains. Such a test battery is more sensitive 

to subtle differences than a global screener and it therefore well-suited for 

evaluating cognitive functioning in a population with no or only minor cognitive 

deficits. In addition, repetition of this test battery would be useful to evaluated 

subtle changes in cognition over time. Our participants were mainly cognitively 

normal, thus when aiming to measure subtle cognitive differences, the outcome 

measure should be chosen cautiously. When selecting an cognitive outcome 

measures, ceiling effects, and in case of longitudinal measurement, practice 

effects should be taken into account. The cognitive outcome in our study 

(chapter 3), standardized cognitive domain scores based on a confirmatory 

factor analysis, were shown to capture subtle cognitive deficits in domains 

known to be affected earliest in AD [70]. Future studies on the effect of lifestyle 

interventions in SCD should cautiously select the outcome measures [23]. 

Depending on the primary objective of the interventions, it should be considered 

whether objective change in cognition would be the most appropriate primary 

outcome measure, or whether other outcomes, such as improvement in objective 

lifestyle measures or psychological well-being might be more appropriate. 
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Implications: SCD and lifestyle in clinical practice
Individuals with SCD report a need for information on brain health, use the 

Internet as a main source of information and have difficulty determining whether 

information is trustworthy. We encourage health care professionals to be aware 

of this general need of this group. It could be worthwhile to discuss brain health 

and the importance of a healthy lifestyle, including nutritional intake, during 

consultation with individuals at risk of cognitive decline or individuals with 

depressive symptoms. Clinicians should refer individuals to trustworthy and 

scientifically grounded sources for information. Depending on the preferences 

and digital skills of the users, these sources could be on paper, such as patient 

organization folders, or digital, for example the website of a specific memory 

clinic (e.g. www.alzheimercentrum.nl) or patient organization (e.g. www.dementie.

nl). Online evidence-based lifestyle tools are available and the number of digital 

options is expected to increase in the near future.Online tools should emphasize 

the importance of healthy nutrition in relation to brain health and mood, as we 

plan to do in our developed program ‘HalloHersenen’.

As health care professionals we should aim to minimize the existence of 

inaccurate believes about lifestyle and brain health. Therefore it is important 

to avoid general lifestyle advices that might cause society to lose its trust 

in healthy lifestyle as a beneficial factor to optimize brain health [71]. We 

recommend to not oversimplify information, for example by explaining that 

results are depending on specific study populations.

Future directions of nutritional studies and online lifestyle programs for 
non-demented elderly
Future research on nutrition and cognition in individuals with SCD should 

focus on longitudinal studies to investigate the relation between nutritional 

intake and cognitive decline over time. In addition, randomized controlled 

trials are necessary to draw conclusions on the causality of this relation, and 

to investigate the preventative potential of nutrition in the context of dementia. 

This would strengthen nutrition as a target for prevention of cognitive decline 

in sample at-risk for cognitive decline and dementia. It would also allow us to 

identify sub groups of patients that benefit most from specific nutrition-based 

interventions. Since multi-domain lifestyle-based interventions are suggested 

to be more effective than single domain interventions [12, 72, 73], it seems to be 

worthwhile to include nutrition in multi domain interventions. 

In order to move forward with lifestyle-based eHealth applications to optimize 

brain health, it is crucial to gain knowledge on elements that contribute 

to best appreciated and most effective programs. This knowledge will be 

based on comparison of programs, for which better description of programs 
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and their evaluations is needed. Future studies should focus on optimizing 

user-experiences, adherence and effectiveness, taking into account that 

co-creation is valuable during every step of development and evaluation. 

Outcome measures should be considered carefully and mixed-methods could be 

of added value during evaluation. Successful and sustainable implementation 

of eHealth innovations is needed to scale up the reach of online programs. 

In addition, it would be valuable to investigate cross-cultural differences 

in preferences for online lifestyle-based brain health programs. This will 

facilitate the adaptation and successful implementation of online tools in 

international settings. Researchers should be aware that planning ahead, for 

example preparing a complete business model for the innovation, including 

possible collaborations and future expenses, is expected to contribute to actual 

implementation in clinical health care.

Conclusions
This thesis investigated the link between nutrition and cognition and explored 

possibilities for an online lifestyle-based intervention to optimize brain health. 

We found that nutrition was related to cognition and depressive symptoms 

in non-demented elderly at risk for dementia. Further, we developed an online 

lifestyle program and found that it was feasible to offer this program to an 

European group of individuals with SCD. If overcoming the challenges of 

development and implementation, an online lifestyle program could contribute 

to brain health in a group of motivated at-risk individuals, in the context of 

dementia prevention.
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