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4  
. Introduction 

Neurocognitive disorders affect 10–15 % of people over the age of 65
nd are considered one of the greatest health challenges of this century.
ognitive difficulties associated with neurocognitive disorders, demen-
ia and Alzheimer’s disease (AD) have a major impact on the ability of
lder adults to live independently and to participate fully in society.
n increasing number of studies have identified modifiable risk factors

hat contribute to the risk of cognitive decline and dementia [ 1–3 ]. Of-
ering prevention programs focusing on risk factors has been proposed
s a major component of non-pharmacological intervention strategies
argeting cognition. In particular, educational programs targeting mod-
fiable risk factors for cognitive decline and dementia are potentially
ritical tools to inform older adults about brain health and to educate
nd empower them [ 4 ]. Addressing modifiable risk factors may have a
ajor impact on the number of dementia cases worldwide given that
5 % of attributable risk of dementia is related to these risk factors [ 1–
 ]. A recent study showed that in Canada, where this study took place,
he attributable risk increases to 49 % [ 5 ]. 

Face-to-face or supervised programs targeting modifiable risk fac-
ors [ 6–8 ] have been developed and reported to have a positive effect
n cognition in older adults at risk for dementia [ 9 ]. However, pro-
iding supervised or face-to-face interventions is costly and logistically
hallenging. The use of new digital technologies can address some of
hese access challenges. Web-based programs facilitate scalability and
mprove access to specialized scientific knowledge by reducing the im-
act of geographic, mobility and time constraints. Moreover, the condi-
ions for a web-based approach to brain health have recently improved,
s older adults have increased their use of technology in response to
andated physical distancing and isolation during the COVID-19 pan-
emic [ 10 ]. However, it is essential to evaluate technology-based pro-
rams and adapt them to align with the needs and capabilities of older
dults. Failure to do so runs the risk of reducing uptake, satisfaction
nd adherence [ 11 ]. For instance, studies have shown that technical
2

programs focused on ways to improve brain health could increase participant
agement in activities that support personal brain health, potentially reducing

elop an evidence-based online educational program with a focus on risk and
ere we present the rationale and features of the program and include results

sability and acceptability. 
an-Thumbs UP (CTU) initiative. An Intervention Mapping Approach framework
s used to develop the online program. A pre-post pilot open label design was
ptance of this at-home educational program. 
ent for the pilot study were delivered fully remotely. 
dwelling older adults (60–83 years of age, 65 % female) living in Canada who
a. 
Santé Cerveau PRO is a web-based 45-week program available in French and
mation and guidance on seven modifiable risk factors for dementia: physical
mulating activities, sleep, social and psychological health, vascular health, and
 a brief intake questionnaire, users are provided with an individualized risk
nd goals. During the course of the program, users receive feedback on lifestyle
icipants completed a 15-week version of the program. 
eports measures of usability (System Usability Scale), acceptance (Technology
isk profiles at intake based on self-reported questionnaires. 
eveloped to identify the determinants of risk for dementia and how these could
view of dementia risk and protective factors and online educational programs
ation activities with experts, stakeholders, and citizen advisors, were used to
 format, and content of the program. The pilot study reports excellent usability
.4/100 and 93.5/120 respectively. 
 and co-construction approaches facilitated the design of a program that effec-
entific content with the specific constraints, needs and abilities of older adults.
 

onstraints (e.g., ease of use, ease of navigation) and aspects of con-
ent (e.g., difficult to understand, not interesting, not science-based)
epresent barriers to the use of web-based prevention programs by older
dults [ 4 , 11 , 12 ]. Surprisingly, few studies of dementia risk reduction in-
erventions have included user’s assessment in their outcomes and still
ewer have relied on co-design to construct their intervention [ 4 , 11 ]. 

In response to this gap, a team of Canadian researchers developed
rain Health PRO/Santé Cerveau PRO , a user-friendly web-based educa-
ional risk reduction program tailored to Canadians and based on scien-
ific evidence, using a collaborative co-creation research process [ 13 , 14 ]
ombined with the Intervention Mapping Approach (IMA). The IMA is a
tep-based framework that guides the construction, validation and dis-
emination of theory- and evidence-based health promotion programs
 15 ]. The framework also guides program adoption, implementation
nd sustainability. Our process based on the IMA involved: 1. Estab-
ishing a detailed understanding of the brain health problem, the popu-
ation at risk and the behavioral and environmental determinants based
n the scientific literature and input from community-dwelling older
dults; 2. Specifying intervention program targets and goals for change;
. Translating this information into practical intervention strategies and
ontent in a coherent program; 4. Testing the efficacy of the program;
nd 5. Developing implementation strategies to facilitate adoption, im-
lementation, and maintenance in community settings. 

Focusing on Steps 1–3 of the IMA framework, this paper provides
n overview of the design process, the logic model of the factors and
eterminants of cognitive health (logic model of the problem), the logic
odel of change, and the main content and features of the resulting

o-designed Brain Health PRO/Santé Cerveau PRO . Logic models, which
re broadly used in health promotion, are defined as frameworks that
llustrate the expected cause-and-effect relationships associated with a
articular health problem, and with the proposed intervention (logic
odel of change) [ 16 ] . A secondary objective is to describe the pro-

ram’s usability and acceptance based on a 3-month pilot study. Steps
–5 are currently under investigation and will be reported separately.
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p  
he program is part of the Brain Health Support Program Study of the
anadian Therapeutic Platform Trial for Multidomain Interventions to
revent Dementia: (CAN-THUMBS UP) [ 17 ]. 

. Methods 

.1. Design process 

Completion of steps 1–3 of the IMA took approximately 3 years of
evelopment time. The first six months involved defining the problem,
he general approach and identifying members of the Brain Health PRO
xpert group and the Citizen Advisory Group (CAG). The next six months
ere used to identify the targets of the program and the objectives for

hange based on Step 1 and the literature (Step 2). This was done partly
n parallel with Step 1. The following 12–15 months involved program
esign and content construction (Step 3). The last 6 months involved
re-piloting elements of the prototype and completing a 3-month pilot
o test usability and acceptance (Step 3). Plans for efficacy and a pi-
ot for implementation assessment (Steps 4–5) were conducted concur-
ently to the program construction. A co-design approach was used in
onstructing the program by engaging potential users during the entire
evelopment process. 

The CTU Co-Principal Investigators (S.B., H.C., H.F., H.N. and
.M.O) proposed the initial idea and outlined the general objectives

f the program. The first author (S.B.) proposed a general layout, pro-
ram content, personalization and other functionalities which were then
iscussed and adapted by the Brain Health PRO Expert group and the
AG. The Brain Health PRO Expert Group consisted of 33 people (25
esearchers/clinicians, four CAG members and the knowledge mobiliza-
ion expert) and was led by SB. The group met every other week to dis-
uss and take decisions on the content, functionalities and modalities, to
eceive guidelines and recommendations by the knowledge mobilization
xpert (II), the techno pedagogical firm and the CAG. The CAG consisted
f nine older adults living in Ontario, Quebec, and New Brunswick (3
en, 6 women; age range = 64–80 for seven of the nine members who

ompleted demographic questionnaire). Members of the CAG were re-
ruited from the networks of researchers. It was co-chaired by L.M. and
.H (see D’Amico et al. [ 18 ] for a full description and evaluation of the
AG), with N.A. serving as the liaison researcher. The membership was
etermined to reflect the intended end-users whose first language was
nglish or French. The CAG met as needed and participated in the Brain
ealth PRO Expert Group meetings. Persons in the CAG were positioned
s research collaborators who were involved in all aspects of program
reation and development. They participated in the decisions and dis-
ussion that took place within the Brain Health PRO Expert Group meet-
ngs. They critically reviewed program material, and collaborated in the
ecision-making process regarding the program. 

The Brain Health PRO Expert Group was in charge of developing
he content of the program. A topic leader was designated for each topic
eight leaders across the eight topic modules), and topic experts were
dentified and tasked with content development and drafting the topic
hapters, often calling on other colleagues within the Canadian Consor-
ium on Neurodegeneration in Aging (CCNA), external colleagues, or
pper-level trainees. Topic authors were provided with guidelines re-
arding ways to adapt content to the general public. The drafted chap-
ers were reviewed by the CAG who focused on clarity and interest for
lder users and were revised by the topic experts accordingly. A knowl-
dge transfer expert (I.I) was also available to topic experts if needed.
cripts for narration and written text in the chapters were verified by a
inguist, the CAG and the main author. Once a chapter was finalized, it
as translated to a storyline proposal by an instructional designer team
ith expertise in techno pedagogy. Storyboards were created containing

he narration script, slide content, animation details and interactive ac-
ivities. Upon final acceptance by the authors of a chapter, a final version
as prepared and narrated by a voice actor. The instructional designer

eam integrated all components into the interactive online program. 
3

Before initiating the pilot study, a one-session beta test was con-
ucted virtually with eight older adults from Ontario, New-Brunswick
nd Quebec to provide feedback on usability and make adjustments
rior to launching the pilot study. Feedback was requested on the
omepage, registration process, dashboard, questionnaires, speedome-
ers used to show level of risks, prioritization, goal set-up, navigation to
ccess chapters, notebooks, automated mails and help section. 

.2. Brain health PRO/Santé cerveau PRO pilot study 

.2.1. Pilot study design 
A mixed methods pilot study was conducted to assess usability and

cceptance of the Brain Health PRO/Santé Cerveau PRO using a shorter
-month version of the program (a maximum of 50 chapters). In this
horter version, of the program participants received the first 3-month
ontents and completed usability, acceptance and lifestyle question-
aires. Usability refers to the ease of use of technology based on a per-
on’s perception of its effectiveness, efficiency, and resulting satisfaction
 19–21 ]; acceptance refers to the willingness to use a tool [ 22 , 23 ] and
ncludes a pragmatic evaluation of its perceived usefulness, ease of use
nd intention to use [ 24 ]. The pilot was conducted between Nov 2021
nd April 2022. This study was conducted in compliance with the In-
ernational Conference on Harmonization of Good Clinical Practice and
ll applicable regulatory requirements. It was reviewed and approved by
he following research ethics committees/boards: Clinical Trials Ontario
#3497), University of British Columbia (#H20–02817), University of
ictoria (#BC20–0580) and Horizon Health Network (#2022–3096).
he results reported in this paper focus on the quantitative data that was
ollected. The pilot study also included qualitative semi-structured fo-
us groups and feasibility of conducting fully remote evaluations which
ill be the object of a separate publication [ 25 ]. 

.2.2. Participants 
A total of 20 English-speaking adults aged 60 to 85 years were re-

ruited for the pilot study. Participants were eligible if they were at in-
reased risk of dementia based on the presence of a first-degree family
istory of dementia, a history of hypertension or hypercholesterolemia,
ody mass index > 30, or physical inactivity (active is defined as en-
aging in at least 20- 30 min of physical activity causing sweating and
reathlessness, at least 2 times a week). Participants were enrolled if
hey were cognitively intact (CI), cognitively intact with subjective cog-
itive impairment (CI + SCI), or met criteria for mild cognitive impair-
ent (MCI). They were excluded if they had received a previous clini-

al diagnosis of dementia, had a stage score ≥ 1 on the Clinical Demen-
ia Rating (CDR; telephone/video conference administration) or < 13 on
he Montreal Cognitive Assessment (MoCA; video conference adminis-
ration. They were also excluded if they reported insufficient vision or
earing for remote clinical or neuropsychological assessment or techni-
al limitations that prevented their participation in the program (e.g.:
ot having a computer, not having access to the internet; not having
he ability to send and receive emails) (see Feldman et al. [ 17 ] for more
etails on inclusion/exclusion criteria). 

Screening and Baseline visits were conducted remotely using a video-
onference platform and eligibility was verified by site investigators
rior to enrolling participants. Study participants were assigned an iden-
ification number (Project Study Center ID (PSCID)) which was used to
tore their data in the Longitudinal Online Research and Imaging Sys-
em 120 (LORIS), a web-based database system. Data collected by the
rogram were de-identified and linked to the PSCID. De-identified data
inked to LORIS PSCID were uploaded (csv.format), processed, and in-
luded in the CTU dataset for long-term maintenance and secure storage
n LORIS servers. 

.2.3. Measures 
Program adherence was measured by examining interruption of the

rogram, total number of available chapters viewed and number of
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hapters viewed per topic. Questionnaires measuring program usabil-
ty and acceptance were embedded within the online Brain Health
RO/Santé Cerveau PRO platform and were completed at the end of the
-month pilot trial. 

Usability was assessed using the 10-item System Usability Scale [ 21 ].
articipants were asked to rate their agreement with statements on a
-point Likert scale (from strongly agree to strongly disagree), which
ncluded both positively and negatively worded statements. The word-
ng of the questions must be aligned with the specific technology being
valuated. Thus, the items were worded in reference to the Brain Health
RO/Santé Cerveau PRO program. Additionally, the questions were or-
anized to group positively and negatively phrased questions together.
his was done to help reduce confusion and errors among older adults
ecause our prior experience using the original mixed order indicated
hat switching between positive and negative responses was challenging
or them, resulting in increased errors. An overall score was obtained
y summing the scores and multiplying the total by 2.5 to yield a value
anging from 0 to 100. Scores above 68 indicate satisfactory usability,
hile scores above 80 signify excellent usability. Following Davis [ 24 ],
e included an additional question to measure usage behavior by ask-

ng how often they used the program. Response options included: Less
han once per month (scored 0), About once per week (scored 1), 1–3
imes per week (scored 2), and 4–7 times per week (scored 3). 

Acceptance was measured using a 20-item questionnaire based on
he Extended Technology Acceptance Model (TAM2) [ 23 ]. To facilitate
omparability with the model and with studies also relying on the TAM,
he constructs and items were designed in similar terms as proposed in
enkatesh and Davis (2000). The TAM2 model purports to measure dif-

erent dimensions of acceptance. Similar to the SUS, the questions in
he TAM2 must be tailored to fit the specific technology being evalu-
ted and its context of use. While the TAM2 model was initially devel-
ped to assess technology acceptance in workplace settings, it has been
sed broadly to assess technologies in the fields of health and educa-
ion (see [ 26 ] and [ 27 ] for review). Therefore, the items were selected
nd rephrased to refer to the Brain Health PRO/Santé Cerveau PRO pro-
ram, taking into account the goals of a program focusing on lifestyle
hanges. The items measured intention to use and four major constructs
onsidered critical determinants of intention to use: perceived useful-
ess, perceived ease of use, output quality and results demonstrability
 23 ]. We used alpha Cronbach measures to assess internal consistency
verall and in relation to the four main constructs. We made the wording
f the questions consistent in terms of direction, as using different word-
ng (positive and negative) had previously confused participants. This
hange was shown to have no impact on the magnitude or structure of
esponse ratings [ 24 ]. Participants were asked to rate their agreement
ith statements on a Likert scale from 0 - strongly disagree - to 6 -

trongly agree. Total possible scores ranged from 0 and 120 with higher
cores indicating greater acceptance of the web-based program. 

Brain Health PRO/Santé Cerveau PRO also includes questionnaires to
easure the level of dementia risk for each of the seven topics (nutri-

ion, physical activity, cognitive engagement, social and psychological
ealth, sleep, vascular health, vision and hearing) as well as dementia
iteracy [ 28 ], self-efficacy [ 29 ], and attitudes toward dementia [ 30 ].
esults from these will be presented here at baseline. 

. Results 

.1. Design process of the brain health PRO/Santé cerveau PRO 

Identification of the problem and needs assessment (IMA Step

) : Fig. 1 shows the logic model of the problem outlining the relation-
hip between determinants and outcomes. This is used to visualize how
ersonal and environmental determinants contribute to increased risk,
nabling the identification of the problem, the analysis of related per-
onal and environmental influences, and the recognition of both proxi-
al and distal causes [ 16 ]. This framework is essential for the interven-
4

ion as it clarifies how it is anticipated to affect specific determinants
nd ultimately lead to lifestyle change. 

Central to the program are seven modifiable risk factors on which the
ntervention focuses: physical activity, nutrition, cognitive engagement,
leep, social and psychological health, vascular health, and vision and
earing. Five of these factors were selected based on meta-analyses that
rovided evidence from observational and intervention-based studies
inking them to dementia [ 1–3 ]. Although two of the domains, nutrition
nd sleep, were supported with relatively less epidemiological evidence
 1–3 ], they were included because of their well-accepted mechanistic
ink to cognition [ 31–35 ]. All selected factors were considered as poten-
ially modifiable at the individual level and with existing guidelines to
acilitate risk modification and goal attainment. The program also in-
luded a chapter providing general information on cognition, the brain
nd neurodegenerative diseases. As shown in the logic model, the liter-
ture suggests that these risk factors impact cognition and can increase
he likelihood of cognitive decline or dementia, which in turn leads to
 reduction in quality of life. Identification of the seven risk factors was
ased on the literature and were identified as core components of the
rogram. 

Identifying the determinants of risk factors is just as crucial as identi-
ying the risk factors themselves. Determinants provide insight into why
ndividuals engage in certain behaviors and influence their level of risk.
onsequently, they are underlying factors that the intervention must ad-
ress. Fig. 1 identifies the major determinants targeted by Brain Health
RO/Santé Cerveau PRO including both personal (e.g., lack of knowl-
dge about risks and ways to improve them, low motivation, and low
elf-efficacy) and environmental determinants (e.g., unfavorable envi-
onment or limited financial resources). Determinants were identified
rom the literature and from discussion during meetings of the Brain
ealth PRO Expert Group, which included researchers, the knowledge
obilisation expert and members of the CAG. 

Program target and goals for change (IMA Step 2) : Fig. 2 shows
he logic model for change underlying the development of Brain Health
RO/Santé Cerveau PRO . The logic model for change clarifies how dif-
erent components of the intervention are linked to the personal and
nvironmental determinants identified in the logic model of the prob-
em shown in Fig. 1 . The model also identifies the relation between
he problem identified, the features of the program, the program target
nd the outcomes measured [ 16 ]. Features of the program were first
dentified from the literature and were reviewed and discussed during
eetings of the Brain Health Expert Group, which included researchers,

he knowledge mobilisation expert and members of the CAG. 
The program was designed as an educational platform tailored for

lder adults at risk for cognitive decline. This was done in response to
he expressed need for information and guidance on brain health [ 4 , 11 ].
ndeed, older adults are demanding empirically supported information
nd guidelines regarding ways to maintain and improve their cognition
 1 , 2 ]. Research suggests that older adults may benefit from online edu-
ational courses on dementia risk reduction [ 4 ] and evidence suggests
hat online educational interventions may improve dementia risk pro-
les in middle-aged adults [ 36 , 37 ]. 

To address determinants of risk factors, Brain Health PRO/Santé
erveau PRO was designed to provide comprehensive information about
ognition, the brain, and neurocognitive disorders (i.e., enhance knowl-
dge), alongside practical solutions, tips, and guidance on lifestyle
hanges that can reduce the risk of cognitive decline with age (i.e., pro-
ide tools for change). The program also addresses personal and envi-
onmental barriers or challenges (e.g., self-efficacy, motivation, stigma,
ccessible resources, cost issues, stressful environment), offering strate-
ies and alternative solutions to overcome potential barriers. The lit-
rature on aging and health underscores the importance of promoting
lder adults’ ownership of their cognitive health and empowering them,
n approach that has been integrated into the program’s content and
anguage. Additionally, the program was designed to be inclusive, re-
ecting the diversity of Canadian older adults in terms of ethnicity, sex,
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Fig. 1. Step 1 of intervention mapping: Logic model of factors and determinants of cognitive health. 
Note. This figure shows the logic model that illustrates how personal, environmental, and behavioral determinants influence risk, cognitive health and quality of 

life. The orange box represents the risk domains identified as the focus of Brain Health PRO/Santé Cerveau PRO . The green boxes represent personal and 
environmental determinants that influence these specific risk domains. The blue boxes represent variables that are modified by these specific risk factors: the 

general level of risk, cognitive health, and quality of life. 

Fig. 2. Step 2 of intervention mapping: Logic model of change. 
Note. This figure shows the logic model of change underlying the program content and format of the program. The green box shows the specifics of the content and 
format designed to address personal and environmental determinants. The orange box shows how this should impact the lifestyle domains that have been selected 
as the focus of the program. The yellow box represents the mediating objective behavioral factors. The blue boxes show how this should change cognitive and brain 

health. 
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ender, and sexual orientation. This inclusivity was woven into the in-
ographics, examples, and wording used throughout the program. 

As an educational program, our primary goal is to increase knowl-
dge about dementia and about modifiable risk factors. However, the
rogram is also designed to support self-efficacy and improve attitudes
oward dementia, which are considered important ingredients for posi-
ive change. While level of risk and cognition were not a primary out-
omes in this study, reducing risk factors was expected in response to
nhanced dementia risk literacy and this was expected to positively im-
act cognition [ 38 ]. 

Description of the program format and content (IMA Step 3):

rain Health PRO/Santé Cerveau PRO is an interactive program devel-
ped for computers and tablets ( Fig. 3 ). The platform is available in
nglish and French to be accessible to the two main linguistic commu-
ities in Canada. It was developed with Javascript and the content pre-
ented using storyline. The Brain Health PRO/Santé Cerveau PRO website
s hosted on a secure server. 

After registration, users first view an orientation chapter that intro-
uces the program, and provides a general overview of the program lay-
ut, contents and program expectations. Users are then presented with
eneral information on cognition, dementia and the impact of modi-
able risk factors. They are then asked to complete lifestyle question-
aires which identify the risk for each domain, and identify risk reduc-
ion priorities. The program is delivered progressively, with four new
hapters released each week. At the beginning of each week, users re-
eive a personalized email informing them that four new chapters are
vailable. The e-mails remind them to connect to the platform, as new
ontent is available or questionnaires need to be completed. The Pro-
ram Dashboard ( Fig. 3 a) allows users to easily access the different func-
ionalities of the program (e.g., chapters to complete, favorite chapters,
rioritized topics). The Home Page provides information on the user’s
rogress through the program, points and rewards collected through in-
eractive activities, and goals. The Profile Page shows the current and
ast (if applicable) lifestyle risk profile. It also contains the list of all
vailable chapters, a list of favorites and the notebook (see below). 

.1.1. Educational content 
The program contains 181 chapters, organized into eight content top-

cs, one general information topic on cognition, the brain and neurode-
enerative diseases, and one topic for each of the seven modifiable risk
actors. Each topic comprises between 16 and 24 short chapters. Content
elated to sex and gender differences is integrated throughout. Individ-
al chapters are about 10-minutes long and provide information on a
articular aspect of the topic. Topic experts created each chapter (see
he list of authors for all chapters in supplementary material), which was
eviewed and approved by the CAG using a standardized feedback form.
hen substantial revisions were required, chapters were re-reviewed by

he CAG and, if needed, by the expert in knowledge translation. The con-
ent in each chapter is presented in the form of a multimedia storyline
ith narration, written material, images and animation. All narration
as recorded in a professional recording studio to ensure the highest
ossible quality, which was deemed essential to optimize the auditory
erception for older adults. Closed captioning of the narration is also
vailable if needed. The content was revised by the CAG as mentioned
elow. 

.1.2. Selection of narrator 
The narrator is a professional bilingual male actor who was able to

arrate in French and English. Because the narrator accompanies pro-
ram users throughout the program, narrator selection was conducted
y a subgroup of researchers and members of the CAG. The selection
ommittee evaluated a pool of potential narrators based on energy, clar-
ty, ease of auditory perception, and rhythm of narration excerpts. Gen-
er of the narrator and bilingualism were two points of discussion by the
ommittee. The committee selected the male voice actor based on voice
uality and fluency in both English and French. Selecting one narrator
6

or both English and French versions was thought to help standardize
he program. 

.1.3. Interactive activities, risk profile and personalization 
The literature and feedback from the CAG indicated that interactiv-

ty, ease of manipulation and personalization were key aspects to in-
rease pleasure and engagement with the program. The program had to
e enjoyable, interactive, personalized as much as possible and easy to
nderstand. To address these needs, each chapter contains animations
nd at least one interactive activity . Types of interactive activities include:
lickable icons that provide additional information; clickable flashcards
hat reveal information; matching activities, in which the user drags
nd drops the correct items into a target; and multiple-choice quizzes
ith feedback. A digital notebook is available for the user to take notes
nd keep track of information related to their goals and objectives. The
otebook may be viewed on the screen while viewing chapter content.
lternatively, users can download the notebook as a PDF file and fill it

n electronically outside of the platform or by hand. 
A personal lifestyle risk profile is generated for each of the seven top-

cs based on responses to the lifestyle risk questionnaires completed at
rogram intake and every 11 weeks until the end of the program. Brief
ifestyle questionnaires were developed by each topic leader and topic
xperts to represent individual risk for each of the seven modifiable risk
actor domains. The scoring method and risk range for each factor was
ased on current literature. After completing the questionnaires, the
ser’s risk is computed for each modifiable risk factor. A visual rep-
esentation of each risk factor is displayed as a colored speedometer on
he user’s Profile Page ( Fig. 3 b). An arrow indicates the score obtained
or each domain and where it stands in terms of the level of risk (green
one: not a risk; yellow zone: medium risk; red zone: high risk). 

After completing risk assessment, users receive their risk profile and
re asked to select three topics to prioritize over the next eleven weeks.
sers must choose at least two priority areas from those that were clas-

ified as ‘medium’ or ‘high’ risk when they completed the questionnaires
etermining their risk profile. The third priority could either be a do-
ain at risk or a domain that the user is not at risk for but might be

nterested in viewing. Prioritizing specific topics unlock additional con-
ent related to those choices. It was determined that users would still
eceive some content on non-prioritized topics. This decision was made
ecause the CAG noted that many topics contained valuable information
or older adults, even if they are not directly related to their identified
riorities. As an additional personalization feature, users have the op-
ortunity to set personal goals for each priority topic while completing
he program. Personal goals can be written in the notebook and are vis-
ble on the user’s dashboard. At the end of an eleven-week period, the
ser may click a yes/no box to indicate whether the goal was met. A new
ifestyle risk report profile is generated for each questionnaire completed
ach 11-week period. It remains available on the Profile Page, providing
 summary of the user’s lifestyle risk profile based on the speedometer
nd goals. 

The inclusion of lifestyle risk questionnaires and updated speedome-
ers every 11 weeks was based on recommendations from the CAG,
hich emphasized the need to receive feedback on lifestyle improve-
ents during the program. Feedback every 11 weeks with updates to

he user’s risk profile allows users to monitor their progress towards
educing dementia risk and to adjust personalized priorities and goals
ccordingly. 

.1.4. Other elements to support adherence 
Elements of gamification were included to support adherence to the

rogram as adherence was identified as a main challenge by the CAG and
rom the literature. Users are rewarded with virtual prizes for their pro-
ression in the program and for their adherence. The dashboard tracks
ser progression throughout the chapters. Because technical problems
ere identified as a major potential source of frustration and with-
rawal, users are given access to a Help Section where they can write to
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Fig. 3. Screenshots of Brain Health PRO/Santé Cerveau PRO . a) Dashboard showing some of the functionalities of the program (prioritized topics, completed chapters, 
gamification). b) Example of a speedometer indicating the individual’s risk level for four of the modifiable risk factors. c) Example of a chapter page within the 
nutrition topic. This is a game to make the person aware of the quality of his/her diet. d) Example of a chapter page within the sleep topic. It provides information 
on inter-individual differences regarding the amount of sleep a person needs. e) Example of a chapter page within the psychological and social health topic: It gives 
tips on how to improve the quality of the person’s social network. f) Example of a chapter page within the cognitive engagement topic: It gives instruction on how 

to use a strategy designed to improve memory recall. 
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et assistance and support with technical issues encountered with the
rogram. When a user does not access Brain Health PRO/Santé Cerveau
RO for a week, they receive an encouraging email to prompt them to
ontinue the program. If they remain inactive for two weeks, or are ab-
ent for three weeks, reminders are sent again on a weekly basis. Upon
oming back, they can access unattended chapters, allowing users to
eamlessly resume their engagement with the program. 
7

.2. Results of Brain Health PRO/Santé Cerveau PRO pilot study 

Participants: As shown in Table 1 , the majority of the sample was
emale, with an average of 16.75 years of education, a mean age of 70
ears (SD = 5.79) and cognitive impairment status classified as unim-
aired on the CDR. See Table 1 for baseline cognitive scores, affect, and
aseline scores on dementia literacy, self-efficacy and attitude toward
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Table 1 

Participants’ characteristics and baseline scores. 

Domain/Measures Frequency or mean score (range) 

Demographics 

Sex F/M 13/7 
Years of schooling 16.75 (12–22) 
Age (years) 70 (60–83) 

Cognition 

CDR 0/0.5 18/2 
MoCA (range) 26.05 (23–30) 
Logical Memory Immediate (range) 12.65 (8–17) 
Logical Memory Delayed (range) 10.90 (4–17) 

Baseline Determinants of Health 

Attitudes Towards Dementia (Max: 180) 118.95 (86–141) 
Dementia Literacy (Max: 30) 24.4 (17–28) 
Self- Efficacy (Max: 40) 34.40 (27–39) 

Risk Entry Criteria 

First degree family history of dementia 11/20∗ 

Hypertension 9/20∗ 

Hypercholesterolemia 11/20∗ 

BMI 4/18∗ 

Physical inactivity 8/20∗ 

Note . 2 participants did not answer the question on BMI; ∗ # of participants 
meeting that criteria/2. 
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ementia as well as the number of participants who met each risk entry
nclusion criteria. 

Program adherence: No participants interrupted the program. They
atched between 30 and 50 chapters and the overall average num-
er of chapters consulted was 43.24 out of the 50 available chapters
SD = 5.82; 86.8 %), with a good balance between the different top-
cs (General information: 6.95/8, SD = 1.36; physical activity: 5.38/6,
D = 0.74; nutrition: 5.24/6, SD = 0.99; cognitive engagement: 5.62/6,
D = 0.86; sleep: 5.62/6, SD = 0.67; social and psychological health:
.71/6, SD = 1.06; vascular health: 4.90/6, SD = 0.99; and vision and
earing: 4.81/6, SD = 1.12). 

Brain Health PRO/Santé Cerveau PRO Lifestyle Risk Assessment:

able 2 shows the average score obtained on the Brain Health PRO/Santé
erveau PRO lifestyle risk questionnaires and the number of participants
ho were considered at risk for each domain based on the question-
aire. As shown in Table 2 , most participants reported relatively low
isk for physical activity, cognitive engagement, and social and psycho-
ogical health. Moderate risk was most notable for nutrition and vascular
ealth. The number of participants that selected each topic as a prior-
ty and examples of goals selected by the participants for each topic are
hown in Table 3 . 

Usability and Acceptance : In general, the program demonstrated
xcellent perceived usability, with an overall score of 80.38/100
SD = 16.1; 95 % CI: 72.84–87.91). The mean item score was 3.22
SD = 0.64; 95 % CI: 2.91–3.52) out of a maximum of 4. As shown
n Fig. 4 a, the mean scores for individual items were all positive. The
ighest scores were found for items related to user-friendliness (i.e., it
oes not require technical assistance, Mean = 3.55, SD = 0.82; 95 %
I: 3.16–3.94; it does not require to learn a lot of things before using

t, Mean = 3.5, SD = 0.76; 95 % CI: 3.14–3.86; it is not cumbersome or
wkward to use, Mean = 3.45, SD = 0.75; 95 % CI: 3.09–3.81). Although
ts average rating on the Likert scale remains on the positive side, rela-
ively lower usability was noted for desire to use the website frequently
Mean = 2.75, SD = 0.71; 95 % CI: 2.41–3.09). 

Regarding the frequency of the program usage, the mean score was
.45 (SD = 0.75) which is halfway between About once per week (score
f 1) and 1–3 times per week (score of 2). Sixty percent of participants
eported using the program about once per week, 30 percent reported
sing it 1–3 times per week, and ten percent reported using it 4–7 times
er week. 

A mean total score of 93.5/120 (SD = 15.05; 95 % CI: 86.46–100.54)
as obtained on the TAM-2 which suggests a high level of acceptance for
8

he Brain Health PRO/Santé Cerveau PRO program. The mean item score
or the acceptance questionnaire was 4.68 (SD = 0.75; 95 % CI: 4.32–
.03) out of a possible total score of 6. Thus, on average participants re-
orted that they somewhat to moderately agreed with the items reflect-
ng acceptance. As shown in Fig. 4 b, individual items were all judged as
ositive. The highest scores were found for items asking about: 1) Pro-
ram platform and content, specifically, whether the health information
as easy to understand (Mean = 5.55, SD = 0.76; 95 % CI: 5.19–5.91) or
hether the website was easy to interact with (Mean = 5.2, SD = 1.01;
5 % CI: 4.73–5.67) and operate (Mean = 5.2, SD = 1.2; 95 % CI: 4.64–
.76); 2) Knowledge gained, specifically, whether the program helped
hem improve their knowledge related to health (Mean = 5.1, SD = 0.97;
5 % CI: 4.65–5.55) or better understand their health (Mean = 5.10,
D = 0.97; 95 % CI: 4.65–5.55); 3) Motivation to take care of their
rain health (Mean = 5.05, SD = 1.15 95 % CI: 4.51-5.58); and 4) Rec-
mmendation, such that participants would recommend the program
o friends or relatives (Mean = 5.05, SD = 1.05; 95 % CI: 4.56–5.54).
hree items received somewhat lower scores compared to the others, al-
hough their average ratings on the Likert scale remain on the positive
ide. These included whether the achievements system in the program
as motivating (Mean = 3.6, SD = 1.35; 95 % CI: 2.97–4.23), whether

he program helped the participant to complete tasks of everyday life
Mean = 3.3, SD = 1.42; 95 % CI: 2.64–3.96) or helped them to better
ccomplish some tasks (Mean = 3.65, SD = 1.57; 95 % CI: 2.92–4.38).
he reliability analysis indicated good to excellent internal consistency
or all measured constructs. Perceived Usefulness ( 𝛼 = 0.83, 7 items),
erceived Ease of Use ( 𝛼 = 0.88, 4 items), and Result Demonstrability
 𝛼 = 0.81, 7 items) all demonstrated good reliability levels (above 0.80).
he Global scale showed excellent reliability ( 𝛼 = 0.91, 20 items), con-
rming strong internal consistency across all items. 

. Discussion 

Web-based delivery has the potential to radically change the way
ifestyle interventions are provided and accessed and can be a powerful
eans of scaling up dementia risk reduction programs across the pop-
lation [ 4 , 12 ]. This paper provides a detailed description of the design
rocess of Brain Health PRO/Santé Cerveau PRO , its main features and
n initial program assessment in a pilot sample of 20 older adults. 

Guided by the IMA framework and enriched by a co-design approach,
his paper presents the first three steps of our IMA approach, which en-
ailed establishing a detailed understanding of the problem, specifying
he program target, and translating these into a coherent program. Rely-
ng on intervention mapping ensures that theory and scientific evidence
re systematically incorporated in the creation of the program and in
he selection of the most appropriate strategies. This framework was
urther enriched by the co-design approach with citizen advisors. The
o-creation approach provides solutions to the two main gaps identified
n the literature with regards to interventions for older adults: the need
o create programs aligned with capacities and demands of users, and
he need to identify facilitators and barriers to foster successful imple-
entation by community partners [ 4 , 11 ]. 

The pilot data indicate excellent usability and acceptance of the Brain
ealth PRO/Santé Cerveau PRO . All elements were rated positively. Al-

hough still above a “neutral ” rating, somewhat lower scores were ob-
ained for areas related to help in achieving tasks in daily life which are
ore difficult to address with online platforms and may require the in-

orporation of some face-to-face intervention, an approach that we are
urrently developing in a subgroup of participants. The gamification
hat was used to motivate users also obtained somewhat lower scores. 

The pre-pilot beta test group with older adults, the partnership with
itizen advisors within an integrated knowledge translation approach
nd the series of cycles that characterized the development process
ikely contributed to the perceived usability and acceptance of the web-
ased program [ 39 , 40 ]. For instance, the pre-pilot beta test group was
seful to identify features that would enhance ease of use. Many charac-
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Fig. 4. Mean scores for individual items of a) the usability questionnaire; and b) the acceptance questionnaire. The horizontal bars indicate the 95 % confidence 
intervals. 
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Table 2 

Participants’ risk scores and number of participants per risk level. 

Mean Score 
(Range) 

Low Moderate High 

Physical activity risk score 
( medium and high risk is below 1.75 ) 

4.49 (1.25 – 9) 18 1 1 

Nutrition risk score 
( medium and high risk is below 14 ) 

12.10 (3 – 18) 
10 8 2 

Cognitive engagement risk score 
( medium and high risk is below 15 ) 

18.45 (9 – 24) 18 2 0 

Sleep risk score 
( medium and high risk is below 16 ) 

11 (4 – 11) 
∗ 17.05 ( 8 – 20 ) 

0 (15∗ ) 19 (4) ∗ 1 (1) ∗ 

Social and psychological health risk score 
( medium and high risk is above 15 ) 

8.35 (1 – 24) 
18 2 0 

Vascular health risk score 
( medium and high risk is below 7 ) 

7 (2 – 8) 11 9 0 

Vision and hearing risk score 
( medium and high risk is above 8 ) 

4.1 (1 – 18) 
17 2 1 

∗ The pilot study enabled the identification and correction of an error in the program’s computation for the risk score of the 
sleep domain. Accordingly, the table presents the initial sleep and risk scores provided to participants at intake and the data 
following the [∗ ] presents corrected scores that should have been computed. 

Table 3 

Participants who selected each topic as a priority and examples of personal goals. 

Topic Participant Selecting the Topic 
as a priority (Frequency) 

Examples of Personal Goals 

Physical activity 7 • Add 30 mins of bike riding 5 days/week. 
• Ride to beach & do beach cleanups at noon. 

Cognitive engagement 16 • Do crossword puzzles and Jumble daily, as well as daily 
book reading. 

Nutrition 12 • Eat fruit/vegetables at each meal. 
• Practice mindful eating at least once per day. 

Sleep 16 • Go to bed at 10 pm every night. 
• Meditate instead of watching TV or checking the phone. 

Social and Psychological health 2 • Keep a record for 1 month and commit to calling/seeing 
(speaking) with people 5 timesweek. 

Vascular Health 3 • Get lab tests done and follow up with doctor on results 
related to vascular health. 

• Have regular yearly check-ups. 

Vision & Hearing 1 • Focus on listening to understand. 
• Engage others in conversation. 
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eristics of the program emerged directly from the CAG’s contribution,
ncluding enhancements to the readability of the content, increase in the
umber of interactive activities and the provision of regular feedback
hrough lifestyle questionnaires and the speedometer. These aspects of
ur approach likely enhanced user acceptance and willingness to engage
ith the program. 

Personalization was also identified as a critical component by citi-
en advisors and many elements of personalization were included when
esigning the program. First, key personal and environmental deter-
inants of risk were incorporated in the logic model of the prob-

em and in the logic model of change. These factors were consid-
red in the development of the program content by identifying them
nd including practical tips to address them. In addition, the com-
utation and graphical presentation of each person’s risk on a color-
10
oded speedometer allows direct individualized information and feed-
ack in a familiar format to shape the users’ experience and engage-
ent with the program. Repeated assessment of risk over the course

f the program also allows users to visualize their progress and goals
chievement. 

The preliminary risk profiles of the pilot participants were unevenly
istributed, which may have been due to different risk assessment
hresholds across the seven risk factors or due to the risk status of the
articipants, which may not be representative of community dwelling
lder adults in Canada. Interestingly, the topics that were more fre-
uently selected by participants were not necessarily aligned with their
isk profile, indicating that participants selected priorities based on pref-
rences or interest. For example, the topic cognitive engagement was
elected by 16 participants even though 18 scored within the low-risk
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ange. The freedom to select topics irrespective of risk profile may pro-
ide participants with a sense of agency. However, it is also important
o ensure that users are considering their risk profile when making topic
elections and are not avoiding topics of risk. 

Some limitations must be considered. First, the use of a web-based
rogram requires that users are technically literate, have access to a dig-
tal device and the internet, and are comfortable with technology. Sec-
nd, the CAG and pilot sample included a self-selected group of highly
ducated, white, and motivated older adults. Accordingly, additional re-
earch is being conducted in a more diverse sample. The questionnaires
ad to be adapted to the technology used and the particularities of the
opulation, and although the TAM-2 showed high internal consistency,
t merits further validity studies. Finally, the pilot study relied on a small
ample size, as the primary goal was to provide a preliminary assessment
f usability and acceptability to determine whether the large efficacy
tudy could proceed with the program as designed. However, the data
eported should be interpreted with caution, considering the limitations
n sample size and diversity. This highlights the importance of ongoing
ata collection on user experience when designing and refining tech-
ological innovations, particularly among older adults. Continuing to
ollect usability and acceptability data in the larger sample, which is
ikely to include a more diverse range of participants, will be essential.
ince cohorts differ in their profiles —whether related to their level of
ducation, familiarity with technology, level of numeracy, health liter-
cy, or self-efficacy —ongoing data collection ensures that the tool can
e continuously refined and adapted through an iterative process of im-
rovement. 

In summary, this study employed co-creation, participatory research,
n integrated knowledge translation approach and implementation
apping to design a brain health program that is fully grounded in

he scientific literature while being engaging and easy to use for the
ntended audience. We developed logic models to identify the deter-
inants. This helped clarify the pathway through which Brain Health
RO/Santé Cerveau PRO contributes to reduce the level of risk for de-
entia, ensuring that all relevant elements are incorporated into the
rogram to promote lifestyle changes, enhance brain and cognitive
ealth, and ultimately improve quality of life. The pilot data suggest that
rain Health PRO/Santé Cerveau PRO is well received by community-
welling older adults. Given the positive outcome of the pilot, the next
teps include a large efficacy trial to test the impact of the program on
ementia literacy, as well as an implementation study to examine how
t can be used and promoted in the community. 
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