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Abstract
BACKGROUND: Online programs targeting lifestyle have the 
potential to benefit brain health. We aimed to develop such 
a program for individuals with subjective cognitive decline 
(SCD). These individuals were reported to be at increased 
risk for dementia, and report both an intrinsic need for brain 
health information and motivation to participate in prevention 
strategies. Co-creation and user-evaluation benefits the 
adherence to and acceptance of online programs. Previously, we 
developed a prototype of the online program in co-creation with 
the users .
OBJECTIVES: We now aimed to evaluate the user-experiences 
of our online lifestyle program for brain health.
DESIGN: 30-day user test; multi-method. 
SETTING: Participants were recruited in a memory clinic and 
(online) research registries in the Netherlands (Alzheimer 
Center Amsterdam) and Germany (Center for memory 
disorders, Cologne).
PARTICIPANTS: Individuals with SCD (N=137, 65±9y, 57% 
female). 
MEASUREMENTS: We assessed user-experiences quantitatively 
with rating daily advices and usefulness, satisfaction and ease 
of use questionnaires as well as qualitatively using telephone 
interviews.
RESULTS: Quantitative data showed that daily advices 
were rated moderately useful (3.5 ±1.5, range 1-5 points). 
Participants (n=101, 78%) gave moderate ratings on the 
programs’ usability (3.7±1.3, max 7), ease of learning (3.6±1.9) 
and satisfaction (4.0±1.5), and marginal ratings on the overall 
usability (63.7±19.0, max 100). Qualitative data collected 
during telephone interviews showed that participants highly 
appreciated the content of the program. They elaborated that 
lower ratings of the program were mainly due to technical 
issues that hindered a smooth walk through. Participants 
reported that the program increased awareness of lifestyle 
factors related to brain health. 
CONCLUSIONS: Overall user-experience of the online 
lifestyle program was moderate to positive. Qualitative data 
showed that content was appreciated and that flawless, easy 

access technique is essential. The heterogeneity in ratings of 
program content and in program use highlights the need for 
personalization. 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.

Key words: Lifestyle, dementia, subjective cognitive decline, eHealth, 
prevention.

Abbreviations: SCD: subjective cognitive decline; MCI: mild cognitive 
impairment; SUS: System Usability Scale; USE: User Satisfaction and 
Ease of use. 

Introduction

The World Health Organization (WHO) Global 
Action Plan on Dementia emphasized the need 
for campaigns to increase public awareness and 

understanding of dementia (1). Recent studies found that 
knowledge about prevention and treatment of dementia 
remains poor and that there is a need for adequate 
dementia prevention education (2, 3).     

The body of evidence on the association between a 
healthy lifestyle and brain health keeps growing (4). 
Risk factors for dementia due to Alzheimer’s disease 
(AD), such as lifestyle factors, are suggested to be partly 
modifiable (5). A healthy lifestyle may therefore decrease 
the risk for AD dementia. Since the etiology of AD is 
complex and multifactorial, recommendations are made 
to target several risk factors simultaneously (6, 7). Indeed, 
a multifactorial intervention has been found to improve 
or maintain cognitive functioning in people at risk for 
dementia (8). However, this intervention was offered 
face-to-face, which is beneficial for program use because 
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of personal contact, but is relatively expensive and 
limits possibilities to reach a larger group of individuals. 
Offering intervention programs online has an important 
advantage because it offers the opportunity to reach 
many users, in particular in remote areas (9).

Our international EuroSCD-project aimed to develop 
an online lifestyle program for brain health. Individuals 
with subjective cognitive decline (SCD) experience 
cognitive decline in absence of objective cognitive 
impairments. SCD has previously been reported to be 
a risk factor for dementia and AD (10, 11). Therefore, 
individuals with SCD might be an ideal target group for 
online interventions. This at-risk group might present 
at memory clinics, their GP or research registries, and 
was found to be motivated to participate in prevention 
strategies (12). Individuals at-risk might benefit most 
from prevention strategies aimed at optimizing brain 
health or preventing cognitive decline (13, 14). 

Our recent review and meta-analysis on online lifestyle 
programs for brain health suggested that these programs 
could indeed benefit brain health (15). However, 
the programs that we reviewed were heterogeneous 
in content and set-up. Further, characteristics and the 
methods and results of evaluations of the programs 
were often not described consistently. More specifically, 
it was often unclear how user-participation was 
operationalized and thus how users were involved 
during the development of the programs (15). This is 
an important aspect during the development of online 
programs, because it is essential to involve future users 
during development. With the users’ input, a program 
will better fit the users’ needs, which benefits acceptance 
and adherence, and thereby the implementation of 
sustainable innovations (16). Previously, we investigated 
barriers and facilitators for the use of an online lifestyle 
program in individuals with SCD (12). We found that 
both program characteristics and personal factors need 
to be considered, with trustworthiness, user-friendliness, 
and personalization being important facilitators. We 
implemented these results during the development of an 
online lifestyle program for brain health. In co-creation 
with the users,  we developed and adapted the program 
in multiple iterations. We now aimed to evaluate user-
experiences of our online lifestyle program in Dutch and 
German individuals with SCD, using both quantitative 
and qualitative methods.

Methods

Project and study design

This study is part of the European ‘Subjective cognitive 
decline in preclinical Alzheimer’s Disease: European 
initiative on harmonization and on a lifestyle-based 
prevention strategy’ project (Euro-SCD; JPND_PS_
FP-689-019), which aims to develop an online lifestyle 

program for individuals with SCD. The Euro-SCD 
project is a collaboration between the Alzheimer Center 
Amsterdam, the Netherlands (17), Hospital Clinic 
Barcelona, Spain, and the Center for memory disorders, 
University Hospital Cologne, Germany. The study was 
conducted in accordance with Good Clinical Practice 
(GCP) Guidelines, applicable national guidelines, and to 
the Declaration of Helsinki. The local ethical committees 
approved this study and all participants provided 
informed consent. 

The current study was conducted in the Netherlands 
and Germany (Figure 1: study overview). First, 
we conducted a feasibility study in the Netherlands 
to evaluate practicalities and study procedures. 
This allowed us to improve the online program and 
optimize the planned study procedures. Subsequently, 
we performed a 30-day online user test in both the 
Netherlands and Germany to evaluate user-experiences. 

NOTE: This Figure illustrates the study overview. During the feasibility study, 
using an iterative process, the program was adapted and study procedures 
were optimized. The 30-day online user test was quantitatively evaluated with 
questionnaires, rating of daily advices and data log, and qualitatively by follow-
up telephone interviews in a subsample of participants. USE: User Satisfaction 
and Ease of use questionnaire; SUS: System Usability Scale. a: conducted in the 
Netherlands, b: recruited via Dutch Brain Health Registry, c: recruited via Cologne 
Alzheimer dementia prevention registry.

Participants

Individuals with SCD were recruited through either a 
memory clinic or research registry: 

1) memory clinic: we included individuals that visited 
the Alzheimer Center Amsterdam because of cognitive 
complaints. They underwent clinical work-up including 
clinical evaluation, neuropsychological assessment, and 
MRI scan. Although not mandatory, an informant was 
present in most cases during consults and assessments. 
When all clinical investigations were normal, and no 
cognitive disorder could be objectified, patients were 
labelled as having SCD ((17) i.e. clinical criteria for 
MCI, dementia or psychiatric disorder not fulfilled, 
no neurological diseases known to cause memory 

Figure 1. Study overview
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complaints (e.g. Parkinson’s disease, epilepsy), HIV, 
abuse of alcohol or other substances). Individuals were 
invited for study participation based on the following 
criteria: I) diagnosis of SCD II) age 50 years or older, and 
III) owning a smartphone, tablet or computer.

2) research registries: we included individuals that 
signed up for research registries, a) the Dutch Brain 
Health Registry (online register; www.hersenonderzoek.
nl) which facilitates participant recruitment for 
neuroscience studies and is open for individuals of any 
age; b) the Cologne Alzheimer dementia prevention 
registry [Kölner Alzheimer Präventionsregister (KAP)], 
which is open for individuals of any age interested in 
the field of dementia. Through newsletters individuals 
receive information on research and are asked to 
participate in scientific studies. Individuals were invited 
for study participation based on the following criteria: I) 
self-reported experience of memory loss as assessed by 
either the question “Do you have memory complaints?” 
(Dutch registry) or the SCD interview (18) (German 
registry), II) age 50 years or older, III) no diagnosis 
of Alzheimer’s disease, another type of dementia or 
mild cognitive impairment, as assessed through self-
report, and VI) owning a smartphone, tablet or computer 
to access the online lifestyle program. No informant 
information was available for the participants from the 
research registries.

Online lifestyle program

Hello Brain is a European Project (FP7 grant no 304867) 
led by Trinity College Dublin. Hello Brain comprises a 
website and app which are available in English French 
and German. The website www.hellobrain.eu shares 
information and videos about the brain, brain health 
and brain research. The App aims to support users to 
live a brain healthy life by giving daily suggestions 
called ‘brain buffs’. There are five brain buff categories: 
physical activity, social activity, mental activity, lifestyle 
(nutrition, smoking, alcohol) and attitude (referring to 
stress management and positive thinking; 30 brain buffs 
per category). Participants are instructed to read the 
brain buff and are encouraged to engage in the described 
activity. If the user cannot or does not want to conduct a 
specific brain buff, a new brain buff can be requested.

For the current project, a collaboration was started 
between the EuroSCD team and Trinity College Dublin. 
We first investigated the preferences and wishes for 
an online lifestyle program in an international group 
of users (12). Then, in collaboration with users and a 
technical party, we adapted the program HelloBrain 
(Dutch: HalloHersenen, German: HalloGehirn; Appendix 
1: details and screenshots). The scientific content was 
translated and the modules were adapted in order for 
the interactive module to become the main module. 
Additional brain buffs were created by a team of brain 
researchers and added to the program (15 per category) 

in order to allow tailoring based on a personal profile. 
The overall lay-out of HelloBrain was changed to a 
calmer look-and-feel by applying the grey background, 
that was included in some of the original HelloBrain 
screens, to all screens while keeping the colorful details. 

Feasibility study

After the above mentioned adaptations, we performed 
a feasibility study to evaluate accessibility and the study 
procedures, to collect qualitative feedback and optimize 
study procedures for the online user test. We used 4 
iterations of user input and adaptations to create a 
version of the program that was ready to evaluate user-
experiences in a 30-day user test.

Focus groups

In 4 focus groups (memory clinic + Dutch Brain Health 
Registry, total N=17: 67±6y, 65% female) the language 
and structure of the program was evaluated. Specific 
topics were hierarchy of screens (wireframe), language, 
lay-out, and the wording of reminders and instructions. 
Feedback was translated into technical and content-
related adaptations, and passed on to the developers. We 
used an iterative process, meaning that after each focus 
group the program was adapted. In the next focus group 
the adapted version of the program was evaluated. 

Technical pilot

We conducted a technical pilot to evaluate accessibility 
of the program. Accessibility was defined as the ability 
to log in to the website or the app independently, with 
devices at home. Participants (memory clinic, N=5: 61±8y, 
80% female) received access to the program through the 
website or the app for 2 weeks. All technical issues raised 
by the participants were collected and adaptations were 
made. 

Pilot test phase

To evaluate feasibility of the planned study 
procedures, we conducted a pilot test phase in which 
we included 43 SCD subjects (Dutch Brain Health 
Registry, 65±8y, 66% female). Participants received 
account information by email and were instructed to 
use the program for 30 days. Users were able to email 
the researchers and if necessary, we initiated contact 
by telephone. At the end of the test-period, participants 
received digital questionnaires by email to evaluate the 
procedure of sending online questionnaires, having 
participants filling out the questionnaires and adequate 
data collection.
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30-day user test: user-experiences

Participants

Finally, we conducted a 30-day user test to evaluate 
user-experiences. Individuals from the Dutch Brain 
Health Registry and the Cologne Alzheimer dementia 
prevention registry were approached. These individuals 
were not involved in previous phases of the program 
development.

Procedures

Participants received account information and 
could access the program for 30 days. Participants 
were instructed to use the program on a daily basis 
and complete one brain buff each day. Besides the daily 
brain buff, participants could access the information 
on brain health as they liked. After the 30-day user test 
the participants received self-report questionnaires 
to evaluate the program. In addition, participants 
were asked whether they were willing to share their 
experiences during a telephone interview. Study 
procedures slightly differed between centers, because 
of characteristics of the research registers (online in the 
Netherlands, on paper after an in-person information 
session in Germany) and requirements of the Cologne 
ethical committee to send information via post instead of 
email.

Measures

Data log

During the online user test, log data regarding the 
usage of the program were collected. Log data entailed 
number of log ins, log outs, brain buffs completed, brain 
buffs passed, and page visits during the test period.

 
Usefulness of daily advices

After indicating that a brain buff was completed, 
participants were asked to provide a rating of the 
usefulness of the brain buff. This rating was illustrated 
with 1 to 5 stars. Participants were invited to leave a 
comment.

Usability, ease of learning and satisfaction

We used the User Satisfaction and Ease of use (USE) 
(19) and the System Usability Scale (SUS) questionnaire 
(20) to assess perceived user-experiences of the online 
program. The USE questionnaire includes items on 
usefulness (e.g. is the program perceived as useful, does 

it have value to the user), ease of learning (e.g. is it easy to 
learn how the program works) and satisfaction (e.g. does 
it fulfill the wishes and expectations of the user), with 
scores ranging from 1 to 7. We used the domain scores for 
usefulness, ease of learning and satisfaction, by averaging 
the scores of items per domain. The SUS questionnaire 
includes 10 items on usability (scores ranging from 1-5; 
e.g. degree of convenience when using the program). The 
SUS questionnaire includes both positive and negative 
items. Total SUS score (range 0-100) was calculated by 
subtracting 1 from positive items and inversing negative 
items (5 - item score), summing these scores and 
multiplying with 2.5 (20). For both questionnaires higher 
scores indicate better ratings. 

Qualitative exploration of user-experiences

We held semi-structured telephone interviews to 
gain more insight in the questionnaire results and to 
discuss additional topics. We chose a random sample 
(N=30) from participants that indicated to be willing 
to participate in the telephone interview. Aspects that 
were deemed most important to improve, good and 
useful aspects of the program and communication during 
the user test were discussed. In case the questionnaire 
results needed clarification, the interviewer posed specific 
questions.

Frequency of Internet use

In the Dutch subsample, a question regarding 
frequency of internet use was included in the usability 
questionnaire. In a German subsample frequency of 
internet use was discussed during the in-depth interview.

Data analysis

Analyses of quantitative data were conducted using 
SPSS version 22. Descriptive methods were used to 
describe demographics, average ratings of daily advices 
per category, use of the program (data log) and user-
experience scores (questionnaires) in means and standard 
deviation, or percentages. Analysis of variance was used 
to compare questionnaire scores of Dutch and German 
participants, and to compare the ratings between brain 
buff categories. P-values of ≤0.05 were considered 
significant. Qualitative data was collected during the 
telephone interviews. Every interview was summarized 
in a short report. All comments were summarized 
independently by two researchers (LW, AKS). Data was 
then structured by these researchers upon consensus, 
in order to identify themes that were of importance 
to the participants when using the program of when 
participating in this study.  

JPAD  - Volume 7, Number 3, 2020
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Results

Feasibility study

Focus groups

We let the participants discuss terminology within 
the program. At first, we kept some English terms in 
the program. The participants proposed to use Dutch 
language only. We discussed which terms should be 
incorporated to replace the English terms. ‘Brain buff’ 
became ‘Oppepper’ (Dutch for ‘Boost’), and although 
the category name ‘Attitude’ also translates to the Dutch 
‘Attitude’, participants preferred a different wording 
(‘Houding’; Dutch synonym for ‘Attitude’). Participants 
agreed with the order and hierarchy of the screens (the 
wireframe). Upon their input the button for instructions 
was enlarged and placed more prominently, and we 
added ‘Uitleg’ (Dutch for ‘Explanation’) underneath 
this circled question mark symbol. Participants 
mentioned that back-and-forth buttons needed to be 
more prominent, which we adapted accordingly, and 
the hierarchy of the current location should be visible. 
Therefore, so called ‘Breadcrumbs’ were added to the 
page. Breadcrumbs are a simple display of the current 
location in the program, and easy way to click to a 
location with higher hierarchy (e.g. Start page / Brain 
Health / Neuroplasticity). Participants mentioned that 
they would prefer more instructions when entering 
the main screen. Together with the technical party and 
participants we came up with the solution to add a 
highlighting instruction, which highlights and explains 
all parts of the screen one by one.

Technical pilot

Of the 5 participants that evaluated the accessibility 
of the program, nearly all (4/5) reported a smooth 
download and log in without any assistance. One 
participant was not able to log in, as a result of a problem 
with the internet browser. Together with the technical 
party, the issue was resolved. After log in, 2 participants 
reported several technical bugs, such as wrong linking 
between pages or not enough variation in the daily 
advices, which was caused by an algorithm error. These 
issues were solved by the technical party. 

Pilot test phase

Sending and receiving the questionnaires digitally 
went well. Participants did not report problems filling 
out the digital questionnaires. Almost all communication 
was done via email and online questionnaires. Some 
participants liked the efficient communication and felt 
that they were skilled enough to work online, while 

others would have preferred personal contact throughout 
the test-phase and provide feedback by telephone. Some 
participants mentioned that they would have liked an 
‘emergency hotline’ in order to have personal contact by 
telephone in case they would have needed help when 
using in the program. Based on participants’ suggestions, 
we made the instructions for the online user test more 
detailed.

30-day user test: user-experiences

Participants

In total, 137 SCD subjects (55 Netherlands, 82 
Germany) were included in the online user test. 
Participants were on average 65.1±8.6 years of age, 
57% female and participants completed 11.3±1.9 years 
of education. German participants had on average 
more years of education (12.6±1.4) compared to Dutch 
participants (10.2±1.9, p<.01). The majority of the 
participants reported to use the internet on a daily basis 
(>90% of a subsample; Dutch N=55, German N=15).

Data log

In total, 120 (88%) participants used the online lifestyle 
program during the 30-day test period, whereas 17 (12%) 
participants did not log in. On average, participants 
reported to have completed 31±31 daily advices and 
requested a different brain buff 23±40times during these 
30 days. Participants switched between pages on average 
117 times (from brain buff screen to informative module 
and back, or within the informative module). 

Usefulness of brain buffs

In total, participants rated 3266 brain buffs with a 
mean score of 3.5 (±1.5, max 5). The mean ratings 
differed between categories (F(4,3261)=5,725, p=.000). 
In general, buffs in the Attitude (3.6±1.4) and Physical 
activity (3.6±1.4) categories were higher appreciated than 
Lifestyle advices (3.3±1.6, resp. p<.001 and p=.001). Brain 
buffs of all categories received scores ranging from 1 to 
5 stars and rankings were accompanied by both positive 
and negative comments. While some participants really 
liked a brain buff (“It would be very easy and fun to do 
this every day”) others disliked the same brain buffs (“I 
have never liked this and I will not do this today”). This 
diversity in appreciation of the categories, is presented in 
Figure 2. 

Usability, ease of learning and satisfaction

The questionnaire was completed by 101 participants 
(response rate 74%; 37 Netherlands, 64 Germany). 

TARGETING LIFESTYLE BEHAVIOR TO IMPROVE BRAIN HEALTH
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Table 1. Summary of in-depth exploration of user-experiences, collected during telephone interviews
Topic Positive Negative Quote

Content

Information Information scientifically sound Would like more new information “I would like more new information, since I already knew a 
lot of what I read.”

Language Easy-to-understand English terms in the texts “I have difficulties with English terms, so I do not like to see 
those in texts. Also, I prefer synchronized videos instead of 
German subtitles.”

Brain buffs Categories easy to remember, close 
to daily life

“The categories are close to daily life and therefore easy to 
implement in a regular day.”

Challenging “The advice was to learn a lyrics or poem by heart. I started 
to learn a poem and that was difficult, so I kept practicing 
this.”

Too little variation in daily advices “After a while I got advices that I dismissed earlier. I would 
prefer to see more new advices.”

Not all daily advices useful “There were some advices to call a friend or to be active, but I 
already do this often.”

Personalization Missing options to personalize content, 
e.g. based on a profile or choosing a 
category

“Sometimes I felt like wanting to do an exercise on nutrition, 
but then I got attitude exercises. One day you like those, the 
other day you don’t.”

Use of program

Facilitators and bar-
riers to use program

Need information about brain 
health, because being afraid to get 
dementia or having memory pro-
blems or family members having 
dementia

“I am afraid to get dementia, so I want to read about it.”

“I have the feeling that my memory is worsening and I 
would like to do something about this.”

“In my family, there are multiple persons with dementia, so I 
want to read and learn about this.”

Being interested in brain health “I work in clinical psychiatry and have a personal interest for 
brain health.”

Research participation “I think research is important and therefore I wanted to help 
making this program better.”

Feeling being taken care of “I liked the feeling that someone cares about what you are 
doing.”

Knowing where to look once and 
again 

“I like that I now know of the program and if it would be 
available, I would have a look now and then.”

Helpful content “I would read the information, because I think it is important 
and helpful.”

Should come automatically, for example 
with notifications

“It was not very vivid for me, because I did not receive alerts 
and then you really have to make sure that you remember to 
use the program.”

Discipline needed “Only offering something does not work. A person should be 
motivated and use the information. I think such a program is 
only useful for people with discipline.”

Sustained use difficult to loss of interest “I really liked the program at the beginning and read a lot 
of information, but I lost interest after a while, because there 
was no new information left.”

Time “I do not have time to use such a program.”

Motivation was based on study partici-
pation

“I am not sure whether I would have continued using the 
program when it would not have been for a scientific study.”

Not useful “It is not really useful for me, because I do already all of this.”

Too simple “I am not sure if I would use it, because it might not be 
sophisticated enough.”

Sharing Would recommend it to friends 
and family, lonely elderly, patients 
with depression /dystonia / 
cardiovascular diseases / muscles 
diseases

“I think this program is not only helpful for people with 
memory complaints, but also for people with other diseases, 
or lonely elderly.”

“I would recommend the program to the patients’ associa-
tions of for example cardiovascular diseases.”

JPAD  - Volume 7, Number 3, 2020
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Participants gave on average moderate scores on items 
of the USE questionnaire (max 7): usefulness 3.7±1.3, ease 
of learning 3.6±1.9 and satisfaction 4.0±1.5 points. Dutch 
participants rated the program higher on these 3 domains 
compared to German participants (Dutch: 4.1±1.3, 4.8±1.5, 
4.4±1.4 vs. German: 3.4±1.3, 2.4±1.5, 3.7±1.6; p<.05). The 
average score for usability on the SUS questionnaire 
was 63.7±19 out of 100, which translates to ‘OK to good’ 
(21) and did not differ between Dutch and German 
participants. Figure 3 presents the heterogeneity of user-
experience scores within the total group.

Qualitative exploration of user-experiences

Table 1 gives a summary of the qualitative feedback 
illustrated by quotes. Participants mentioned that they 
would prefer a personalized program, meaning that it 
would fit their specific preferences. For example, with 
content based on their current lifestyle and preferred 
lifestyle category. Some of the participants used the 
program mainly for information, while others mainly 
liked the interactive part. When asked what was most 
important to improve, participants mostly mentioned 
to optimize technical aspects of the program to ensure a 
smooth walk-through.

Most participants mentioned to highly appreciate the 

Table 1 (continued). Summary of in-depth exploration of user-experiences, collected during telephone interviews
Topic Positive Negative Quote

Effect of program

Awareness Aware of domains playing a role 
in brain health

“In the program I read that it is not only about the memory. 
I now know that nutrition is also important, and I try to do 
some more cross word puzzles.”

“I was already working on my nutrition and physical activity. 
But that contact with others is also valuable, this was a new 
thing for me.”

«It is a good thing to have different themes, now people 
become aware of which domains play a role in keeping the 
brain healthy»

Positivity More aware of living consciously 
and contact with others

“People that pay attention to the present, can enjoy a small 
thing, which is sometimes very important. Something does 
not have to be big to add a little glow to life.”

Current lifestyle Increased motivation for improve 
lifestyle

“I was working on changing my lifestyle in terms of exercise 
and diet to improve my blood pressure and weight. Reading 
this [link lifestyle and brain health] strengthens my motiva-
tion to improve our lifestyle.”

Inspired to reflect on own lifestyle “It is a good opportunity to look at your own lifestyle and 
think about small changes that might be useful.”

Confirmation of current lifestyle “It is nice to read about brain health and to have confirmation 
that your current lifestyle is alright.” 

Doubt affect lifestyle changes “I am not sure whether the program will motivate people 
that were not planning to change their lifestyle, to make any 
changes.”

NOTE: This Table presents qualitative feedback, which was provided by 30 participants during the telephone interviews.

Figure 2. Variety in reported usefulness of brain buffs

NOTE: This figure illustrates the percentages of brain buffs that received 1 to 5 stars ratings per category, and presents a negative (1 star, left) and a positive (5 stars, right) 
quotes for each category for illustrative purposes

TARGETING LIFESTYLE BEHAVIOR TO IMPROVE BRAIN HEALTH
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content of the program. They liked to have a platform 
available to read about the brain and brain health, and 
to have access to a trustworthy source of information. 
When specifically asked what they liked most about 
the program, participants reported that the program 
induced awareness of lifestyle factors that are related to 
brain health. While most participants knew that physical 
exercise is related to brain health, they were often not 
aware of the relation between nutrition or social activities 
and brain health. Some participants mentioned that the 
program was positive and induced motivation to live 
healthier. Others were stimulated to look at their current 
lifestyle, felt confirmation that they have a healthy 
lifestyle or were motivated to continue with current 
lifestyle changes. 

Discussion

We developed an online lifestyle program for brain 
health and found that its’ overall user-experience was 
moderate to positive. Qualitatively, participants reported 
to appreciate the content of the program and having a 
trustworthy source of information on lifestyle and brain 
health. Quantitative scores on usefulness and ease of 

learning showed room for improvement. We observed 
high heterogeneity in the preference of specific lifestyle 
topics, which emphasizes the need for personalization.

Content on the brain and brain health of the online 
program, as offered in the brain buffs and the information 
pages, was highly appreciated by the participants. Both 
the brain buffs and the information pages were reported 
to be interesting and useful. Many participants reported 
to have learned new things. Often they were not aware 
that all the lifestyle factors that were included in the 
program were associated to brain health. Previous studies 
into the attitudes towards prevention of AD and related 
dementias highlighted the need to improve the beliefs 
and attitudes towards dementia prevention (1, 3, 22). Our 
study showed that a tool with information on lifestyle 
and brain health can contribute to the awareness on 
modifiable risk factors of dementia. 

Involving the users throughout the process 
of development of an online program is expected to 
benefit usability and thereby adherence to the program. 
Our recent review, however, showed that for online 
lifestyle programs aimed at brain health it was often 
unclear whether and how users were involved during 
development and evaluation of the program (15). For 
example, a study on adherence to lifestyle interventions 

Figure 3. Heterogeneity in user-experiences 
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for dementia prevention found that adherence was 
lowest for the unsupervised computer-based cognitive 
training compared to other supervised trainings (23). 
However, user-involvement during development and 
evaluation was not described and therefore it remains 
unclear whether this could have benefitted adherence 
rates. In this study we aimed to evaluate and optimize 
user-experiences. When a program will be implemented 
internationally, it is important to explore cultural 
differences. Our multinational participatory research 
design increases the quality of output and sustainability, 
but also ensures culturally appropriate research, which 
is of importance when developing an international 
application (24). As a next step, additional options to 
increase the impact of the program should be explored. 
It might be worthwhile to evaluate integration of 
persuasive technologies that aim to influence behavior 
and attitudes. If such technologies are used the right way, 
it is more likely that users reach health-related goals (25).

The heterogeneity in the ratings of brain buffs, 
the frequent requests for different brain buffs and 
the qualitative feedback emphasize the need for 
personalization. Personalization has also been identified 
as one of the principles to increase appreciation and 
overall adherence to an online intervention (26, 27). In 
the current version of the program, part of the content 
was personalized, since users could request a different 
brain buff and could access information as they wished. 
Participants mentioned that they would prefer to receive 
brain buffs based on their current lifestyle behavior. 
Further evaluation and integration of personalization 
options, such as adapting lifestyle advices based on 
current lifestyle habits, could improve user-experience 
and thereby adherence to the program. 

Lessons learned from the qualitative input of the users, 
mainly entail the preference for tailoring based on current 
lifestyle behavior. In addition, participants mentioned 
different possible effects of the program. Therefore, it 
might be interesting to rethink the most appropriate 
outcome measures of future lifestyle-based interventions 
in SCD. While changes in lifestyle or brain health might 
seem obvious, effects on psychological well-being or fear 
for dementia could also be worth consideration.

The quantitative ratings evaluating user-experience 
were moderate, which was lower than we expected. 
We identified room for improvement, particularly in 
ease of learning. Meaning that additional adaptations 
are necessary to improve instructions and clarity 
within the program. Differences in ratings could have 
several reasons, such as education, cultural differences, 
differences in reporting and differences in digital skills 
– which we did not assess systematically. Regarding 
the 30-day user test, German participants reported 
difficulties when learning to use the program. Some of 
the technical difficulties occurred only in the German 
back-end. Although we fixed these technical issues and 
thoroughly tested the program, we could not rule out 

remaining minor issues, possibly contributing to the 
differences in these scores. In our previous study (12), 
we found that German individuals with SCD used the 
Internet less often compared to the Dutch participants. 
However, information on the current Dutch sample and 
a subset of the German sample showed that over 90% 
of the participants uses the internet on a daily basis 
and therefore frequency of internet use is unlikely to 
influence perceived difficulties. Further, we did not 
match participants from the feasibility study and 30-day 
user test. Therefore, we cannot rule out the influence 
of demographical differences on perceived usability 
and satisfaction during development and the actual test 
phase.

In summary, qualitative feedback on the programs’ 
content was positive, while quantitative feedback on 
program characteristics showed room for improvement. 
This discrepancy between the positive qualitative 
feedback and the moderate quantitative ratings 
emphasizes the importance of combining methods when 
evaluation usability of eHealth applications, which was 
also emphasized in a recent scoping review on methods 
of usability testing in the development of eHealth 
applications (28). 

This study had some limitations.  First ,  the 
development and feasibility study took place in the 
Netherlands, and not in Germany. However, we believe it 
is promising that participants with different nationalities 
appreciated the same program, strengthening feasibility 
to offer one program in multiple countries. Second, a 
selection bias might have occurred, a study on an 
online program could have attracted individuals with 
better digital skills. However, the digital literacy of the 
participants varied from limited to very skilled, which 
was also reflected in the variety of feedback regarding 
‘ease-of-learning’. Since an online program will only 
be used by those able and willing to access a program 
online, the current participants seem representative for 
the actual target group. Third, we did not have detailed 
information on drop-outs and therefore cannot describe 
their characteristics. We did however encourage all 
individuals to complete the questionnaires and we 
interviewed individuals independent of their attitude 
towards the program. Fourth, the participants were 
recruited based on different SCD criteria between the 
memory clinic and the research registries. However, 
we deem the population representative for the 
heterogeneous populations that can be recruited via 
memory clinics and brain health registries, and results 
are generalizable as such. Finally, based on the data log 
we cannot make a distinction between merely clicking 
through the program and attentively reading pages. 
Therefore, we could not take frequency or duration 
of active participation into account. In the future, this 
information could be considered when evaluating user-
experiences and lifestyle effects of the program. 

The strengths of the study include the study design. 
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This was a multicenter study conducted in Germany and 
the Netherlands. This international character contributes 
to the generalizability of the findings to other European 
populations. Results also suggest that although some 
differences were found, one online tool for multiple 
European countries would be feasible. Second, we 
involved the target population throughout the process 
of development and evaluation. Co-creation is expected 
to increase the extent to which the tool fits the users’ 
preferences and digital skills and thereby acceptation 
and impact of the innovation in further stages (29, 30). 
Therefore, the users’ input was crucial and resulted in an 
online lifestyle program fitting the needs and preferences 
of individuals with SCD. Third, we combined methods to 
assess user-experiences of the online lifestyle program. 
The quantitative and qualitative methods were found 
to complement each other. Finally, we focused on 
individuals with SCD, who do not show cognitive deficits 
but at group level are at increased risk for cognitive 
decline. Therefore, this group is of clinical relevance in 
the context of dementia prevention. Individuals with SCD 
also report a need for brain health information, which has 
not yet been fulfilled since trustworthy sources are still 
lacking. This group is willing to participate in prevention 
strategies, which was also observed during recruitment 
and led to a higher inclusion number than planned.

In conclusion, in this study we developed and 
evaluated an online lifestyle program for brain health in 
individuals with SCD. We found that the overall user-
experience of our program was moderate to positive. 
Participants appreciated content on lifestyle and 
brain health. The variety in preferences for different 
categories highlighted the need for personalization. It 
was feasible to offer this online lifestyle program in an 
at-risk population with SCD. Online self-applied lifestyle 
programs seem useful when aiming to reach large 
groups of motivated at-risk individuals for brain health 
promotion. 
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