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Abstract.
Background: With continuously aging societies, an increase in the number of people with cognitive decline is to be expected.
Aside from the development of causative treatments, the successful implementation of prevention strategies is of utmost
importance to reduce the high societal burden caused by neurodegenerative diseases leading to dementia among which the
most common cause is Alzheimer’s disease.
Objective: The aim of the Luxembourgish “programme dementia prevention (pdp)” is to prevent or at least delay dementia in
an at-risk population through personalized multi-domain lifestyle interventions. The current work aims to provide a detailed
overview of the methodology and presents initial results regarding the cohort characteristics and the implementation process.
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Luxembourg Centre for Systems Biomedicine (LCSB), University
of Luxembourg, 7, avenue des Hauts Fourneaux, 4362 Esch-sur-

Alzette, Luxembourg; and Centre Hospitalier de Luxembourg,
4, rue Nicolas Ernest Barblé, 1210 Luxembourg, Luxembourg.
E-mails: valerie.schroeder@uni.lu, rejko.krueger@uni.lu.

ISSN 1387-2877 © 2024 – The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).

mailto:valerie.schroeder@uni.lu
mailto:rejko.krueger@uni.lu
https://creativecommons.org/licenses/by-nc/4.0/
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Methods: In the frame of the pdp, an extensive neuropsychological evaluation and risk factor assessment are conducted for
each participant. Based on the results, individualized multi-domain lifestyle interventions are suggested.
Results: A total number of 450 participants (Mean age = 69.5 years; SD = 10.8) have been screened at different recruitment
sites throughout the country, among whom 425 participants (94.4%) met the selection criteria.
Conclusions: We provide evidence supporting the feasibility of implementing a nationwide dementia prevention program
and achieving successful recruitment of the target population by establishing a network of different healthcare providers.

Keywords: Alzheimer’s disease, cognition, dementia prevention, healthy aging, mild cognitive impairment, multi-domain
lifestyle interventions, neuropsychological assessment, personalized prevention, risk factor assessment, subjective cognitive
decline

INTRODUCTION

As life expectancy rises and societies continue
to age, the public health sector faces increasingly
complex challenges pertaining to age-related ill-
nesses. Approximately 50 million people worldwide
were living with dementia in 2018 according to the
World Alzheimer Report and this number is pro-
jected to triple to 152 million by 2050. In 2018, this
phenomenon has already incurred significant costs
estimated at around 1 trillion US$ in public and pri-
vate areas and is expected to increase substantially,
reaching approximately 2 trillion US$ by 2030 [1].
In Luxembourg, prevalence estimates of 3.8% for
dementia and 26.1% for cognitive complaints have
been obtained for adults over the age of 64 years [2].
The number of older adults affected by dementia in
Luxembourg is expected to increase substantially, as
the demographic population aged 65+ is expected to
nearly double over the coming decades [3].

During the last two decades, extensive research has
been conducted to study risk factors for cognitive
decline and dementia. In 2017, the Lancet Demen-
tia Prevention, Intervention and Care Commission
presented scientific evidence from observational, epi-
demiological and interventional studies encouraging
an ambitious approach towards dementia prevention
[4]. The authors highlighted nine potentially mod-
ifiable risk factors believed to reduce the risk of
developing dementia by more than one third. First,
the level of education has been proven to influence
the risk of developing dementia later in life. Fur-
thermore, hypertension, diabetes, physical inactivity,
overweight, smoking, hearing loss, as well as depres-
sion and social isolation have also been identified as
key risk factors. Notably, in 2020, the list expanded
to introduce three additional risk factors: excessive
alcohol consumption, traumatic brain injury and air
pollution. The aforementioned risk factors account
for approximatively 40% of dementia cases world-

wide [5]. A systematic review conducted by Deckers
and colleagues [6] identified a similar set of risk fac-
tors, while also including hyperlipidemia. According
to these authors, coronary heart disease and renal
dysfunction are also to be considered as additional
potential risk factors. They also emphasize that the
role of diet and cognitive activity needs to be fur-
ther investigated. Within the frame of our program,
we adhere to the aforementioned risk factors, but
acknowledge that the list of addressed risk factors is
to be adapted and expanded in case of new, emerging
scientific findings.

Since studies into single-domain interventions tar-
geting the previously mentioned modifiable risk
factors have yielded only mixed results, researchers
of the “Finnish Geriatric Intervention Study to
Prevent Cognitive Impairment and Disability (FIN-
GER)” opted to explore multi-domain interventions.
Their results imply that cognitive functioning may be
maintained or even improved in an older adult at-risk
population after having benefited from a combination
of cognitive training, exercise, diet counselling, and
vascular risk management [7]. To meet the need for
multi-domain lifestyle interventions [8], the World-
Wide FINGER network was launched in 2017 as
the first global network dedicated to multi-domain
lifestyle intervention trials for dementia prevention.
Its mission is to adapt and harmonize the efforts for
dementia prevention across countries [9].

Our program aligns with these efforts aiming
to prevent dementia through multi-domain lifestyle
interventions. The uniqueness of our program, how-
ever, resides in the personalized approach by offering
multi-domain interventions tailored to each partic-
ipant. Although the importance of early dementia
prevention is well established, to our knowledge,
guidelines for the implementation of such programs
into real world health care are missing. The current
work aims to bridge this gap by sharing experi-
ences and the methodology proven successful to
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recruit individuals at risk to a nationwide program
for dementia prevention in Luxembourg.

METHODS

Design and aim

The “programme dementia prevention (pdp)” is a
nationwide integrated care concept whose aim is to
prevent or at least delay dementia in an at-risk cohort
by reducing modifiable risk factors through personal-
ized multi-domain interventions. Within the program,
we aim to translate research findings related to the
prevention of dementia into an applied personalized
prevention program. More precisely, the aim of the
current work is to describe the design for a successful
implementation of a first nationwide integrated care
concept for precision prevention. The program was
approved by the National Research Ethics Committee
(CNER Ref: 201511/01).

Participant selection criteria

To be eligible for enrolment in the program, par-
ticipants must be at least 18 years old at the time
of inclusion and must have the capacity to consent.
Other prerequisites to participate in the pdp are a
referral letter from the treating physician and an affil-
iation to the Luxembourgish health care system.

The target population includes participants pre-
senting with a mild cognitive impairment (MCI),
which is defined as a syndrome characterized by
cognitive decline exceeding what is expected for an
individual’s age and educational level but which does
not interfere with activities of daily living [10–13]. In
the frame of the pdp, MCI is diagnosed if at least one
neuropsychological test result is lower than 1.5 stan-
dard deviation (SD) below the mean (z-score < –1.5
SD) compared to age-, sex- and education-adjusted
normative data, or if at least two test results are
located between 1.5 SD and 1 SD below the normative
mean (–1.5 SD ≤ z-scores < –1 SD).

Given that individuals with a subjective cognitive
decline (SCD) are at higher risk of developing cog-
nitive impairment in the future [14], we also include
those participants to ensure early prevention. SCD is
defined by a subjective decline in cognitive capac-
ity compared to a previous level of functioning in
the absence of objectified cognitive deficits measured
through standardized neuropsychological tests [15].
In the frame of the pdp, the absence of cognitive
deficits is established when all neuropsychological

test results are located at or above 1 SD below the
normative mean (z-scores ≥ – 1 SD) with allowance
to have one test result located between 1.5 SD and 1
SD below the normative mean (–1.5 SD ≤ z-score <
–1 SD).

Furthermore, participants in a preclinical stage,
who are carriers of known mutations in genes related
to Alzheimer’s disease, such as mutations in the amy-
loid precursor protein (APP), presenilin 1 (PS1), or
presenilin 2 (PS2) genes, as well as carriers of the risk
allele �4 in the APOE gene [16], are also included into
the program.

On the other hand, individuals who refuse to sign
the informed consent or who are younger than 18
years of age are excluded from participation in the
program. Furthermore, individuals who present nei-
ther subjective nor objective cognitive impairment
are not enrolled. Finally, people with dementia do
not qualify for the intervention program. Dementia is
characterized by cognitive or behavioral symptoms
in at least two domains that represent a deteriora-
tion from a previous level of functioning, cannot be
explained by delirium or psychiatric disorders, and
interfere with the ability to function at work or in
usual activities [17].

It should be noted that the categorization regarding
the cognitive status is based on the neuropsycho-
logical assessment. The close collaboration with
referring physicians and the requirement for each
participant to provide recent blood analysis and
reports from previous examinations enable us to gain
insights into potential pre-existing comorbidities.
Recommendations from the program to the referring
physicians are made for further differential diagnos-
tic procedures to exclude non-neurological causes,
which might interfere with the participant’s cogni-
tive performance in case these have not yet been
conducted.

Program structure

Participation in the program follows a predefined
pathway (Fig. 1), which is composed of an initial
referral, a neuropsychological assessment and a thor-
ough risk factor profiling. Following these steps, the
results of their assessments are communicated, and
participants are provided with vouchers giving access
to the multi-domain interventions. Finally, regular
longitudinal follow-ups are foreseen for participants
who meet the inclusion criteria. The different steps
are described below in further detail.
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Fig. 1. Recruitment pathway of participants in the frame of the pdp.

Referral letter

As previously mentioned, participants must obtain
a referral letter from their treating physician. Addi-
tionally, participants are encouraged to provide a list
of their current medication and preexisting medical
history as well as to provide further relevant infor-
mation from previous medical reports or analyses
(e.g., blood analyses, results of brain imaging, cere-
brospinal fluid analysis).

Neuropsychological assessment

During the first appointment, an anamnesis is
conducted, and participants are invited to undergo
an extensive neuropsychological assessment of an
approximate duration of two hours, conducted by
certified (neuro-) psychologists. The interpretation of
results takes into consideration age, sex, and level of
education of the participant. The test battery consists
of standardized tools designed to evaluate different
cognitive functions such as memory, attention, exec-
utive functions as well as visuo-spatial abilities and
language (Table 1) [18–30].

Risk factor assessment and additional
questionnaires

The second part of the assessment consists of ques-
tionnaires and psychometric scales [31–51] with the
objective of evaluating the presence of the differ-

ent risk factors for dementia [4–6] as well as to
capture additional outcome variables, such as cog-
nitive, behavioral, social, and psychological aspects
(Table 2). The modifiable risk factors assessed by
these questionnaires are cardiovascular diseases and
high blood pressure, hypercholesterolemia, diabetes,
non-Mediterranean diet, obesity, physical inactiv-
ity, lack of cognitive activities, depression, social
isolation, alcohol and tobacco consumption, renal
dysfunction, and hearing loss. To determine and visu-
alize an individual’s potential for improvement in
terms of dementia risk reduction, we employ the
LIfestyle for BRAin health (LIBRA) index [37],
which has been extended in our program to bet-
ter capture and at least partially quantify individual
health-related risk factors. The second in-person
appointment is scheduled once the questionnaires,
which have been provided during the first appoint-
ment and should be filled at home by the participant,
have been returned to the pdp.

Voucher system for personalized multi-domain
lifestyle interventions

Based on the results of the neuropsychological
assessment as well as the identified risk factors, the
(neuro-) psychologist establishes a tailored interven-
tion program for each participant. Participation in pdp
is free of charge for the participants, and they receive
vouchers that are directly cleared between the health-
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Table 1
Neuropsychological assessment - Summary of neuropsychological tests and measured cognitive functions [18–28]

Cognitive functions Tests / Subtests

Global cognition Montreal Cognitive Assessment (MoCA) [18]
Mini-Mental State Examination (MMSE) [19]

Auditory-verbal short-term memory Digit Span - Forward [20]
Auditory-verbal working memory Digit Span - Backward [20]
Visuo-spatial short-term memory Spatial Span - Forward [21]
Visuo-spatial working memory Spatial Span - Backward [21]
Verbal episodic long-term memory Rappel libre / rappel indicé à 16 items (RL/RI-16) [22]
Visual episodic long-term memory Constructional Praxis Recall (CERAD)a [23]
Processing speed Digit-Symbol-Coding [20]
Visuo-motor speed Trail Making Test - Part A [24]
Processing speed - Color naming Stroop Test - Color Naming [24]
Processing speed - Word reading Stroop Test - Word Reading [24]
Word initiation Verbal Fluency - Semantic (animals, 2 min) [24]

Verbal Fluency - Phonemic (letter “p”, 2 min) [24]
Mental flexibility Trail Making Test - Part B & Part B-A [24]
Inhibitory control Stroop Test - Interference [24]
Planification Rey-Osterrieth Complex Figure / [25, 26]

Modified Taylor Complex Figure [27]
Visuo-constructive capacities Rey-Osterrieth Complex Figure / [25, 26]

Modified Taylor Complex Figure [27]
Constructional Praxis (CERAD) [23]

Visual perception Figures enchevêtrées (PEGV) [28]
Language - Denomination Boston Naming Test (CERAD)a [23]

CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; PEGV, Protocole d‘évaluation des gnosies visuelles;
atests which have replaced former tools (DMS48 [29]; Grémots [30]). The list of tests used in pdp has been adapted in the
course of the implementation process and the use of tests may be adapted on a case-by-case basis if needed. This may be the
case if the originally intended test cannot be performed due to various restricting factors, such as language, age, or education
level or if the use of a complimentary test adds information that could be relevant for the referring physician in the clinical
context.

care provider and the pdp. To encourage participants
to take action and to use the vouchers in a short delay,
an expiry date is fixed and clearly indicated on each
voucher. Given that activities may start at different
time points and that, in some cases, there are longer
waiting periods, this date does not represent the date
by which the activity should be started or completed,
but the date by which the participants must have con-
tacted the voucher partner to express their interest
and, if applicable, to be registered on the waiting list.

With respect to the recommended activities, par-
ticipants can select from a broad range of choices.
First of all, participants are offered cognitive train-
ing which may take place either in a group- or an
individual setting under the guidance of a trained
health professional. Recently, this option has been
expanded to include paper-pencil training or digi-
tal training which the participant can complete at
home. The cognitive training targets different cog-
nitive functions such as memory, attention, executive
functions, visuo-spatial abilities as well as language.
Particularly in the individual sessions as well as in
the digital home-based training, the level of diffi-
culty may be adapted to the participant’s needs. In
addition, participants are encouraged to engage in

physical and/or social activities depending on their
risk factors. Participants can choose from a wide
range of different options, such as yoga, Nordic walk-
ing, aqua-gym, strength training, and Qi Gong. The
physical activities offered range from aerobic exer-
cises to strength training or flexibility exercises and
can take place either indoors or outdoors. In case
of specific physical limitations or post-operative dis-
comfort, the health care specialists may adapt the
training to the individual’s specific needs and adjust
the difficulty or intensity of the training. For the
physical and social activities, care was taken that
the range of offered activities is particularly broad,
allowing participants to choose activities aligned
with their personal interests. Additionally, a dietary
consultancy is recommended for participants with
an unhealthy diet or facing health issues related to
dietary habits. Individual sessions with a dietician
offer a distinct advantage as they allow for person-
alized recommendations tailored to the individual’s
unique circumstances taking into account various fac-
tors such as the financial situation, lifestyle, dietary
regime or pre-existing health conditions. Finally, to
improve psychological well-being in case of depres-
sion, the participant is encouraged to seek help
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Table 2
Risk factor assessment and other outcome variables - Summary of scales / questionnaires [31–46]

Domains Scales / Questionnaires

Medical aspects Medication list, Medical history, Medical records (pdp)
Participation Participation Questionnaire (pdp)
Subjective Cognitive Complaints Complainer Profile Identification (CPI) [31]
Subjective Cognitive Decline - Informant Short Form of the Informant Questionnaire on Cognitive Decline in

the Elderly (Short IQCODE)
[32]

Anamnestic Data Anamnesis (pdp)
Demographic Data Demographics (pdp)
Autonomy in Activities of Daily Living Katz Index of Independence in Activities of Daily Living (ADL) [33]

Lawton Instrumental Activities of Daily Living Scale (IADL) [34]
Clinical Dementia Rating (CDR) [35]
Functional Activities Questionnaire (FAQ) [36]

Risk Factor Assessment Lifestyle for Brain Health (LIBRA) [37]
Extended Risk Factor Assessment (pdp)a

Depression Geriatric Depression Scale (GDS-15)b / Beck Depression
Inventory (BDI)b

[38, 39]

Social Isolation Index of social isolation [40]
Loneliness Three-Item Loneliness Scaleb [41]
Social Support Social Support Questionnaire (F-SozU, K-14) [42]
Anxiety Generalized Anxiety Disorder Scale (GAD-7) [43]
Perceived Stress Perceived Stress Scale (PSS-10) [44]
Apathy Starkstein Apathy Scale (SAS) [45]
Quality of Life WHO Quality of Life - BREF (WHOQOL-BREF) [46]

(pdp), Questionnaires designed in the frame of pdp tailored to the program’s needs; WHO, World Health Organization; acontains an adapted
version of the Alcohol Use Disorders Identification Test (AUDIT) [47]]; bcut-offs for the decision to address these risk factors: GDS-15: ≥ 6
[48], BDI: ≥ 10 [49], Three-Item Loneliness Scale: ≥ 6 [50]. The list of questionnaires used in pdp has been adapted in the course of the
implementation process (e.g., previously used questionnaire: Risk Factor Questionnaire (RFQ-U) [51]) and the use of questionnaires may be
adapted on a case-by-case basis if needed. This may be the case if the originally intended questionnaire cannot be performed due to various
restricting factors, such as language, age, or education level or if the use of a complimentary questionnaire adds information that could be
relevant for the referring physician in the clinical context.

through psychological health counselling sessions
with a certified psychologist, which may serve as an
orientation towards other offers in this context. It is
important to note that the list of offered activities and
voucher partners is constantly being adapted to allow
participants to select activities, which best fit their
needs.

To measure the adherence to the offered activities
and to obtain information regarding the regularity
of participation, dates on which the participant has
taken part in the activities are tracked by the voucher
partners. In case of the paper-pencil training, an exer-
cise journal is provided to the participant where the
progress can be recorded. For the digital training, data
regarding the level reached and the frequency of the
training is available. Finally, some voucher partners
provide feedback in form of letters including various
information regarding motivation, participation rate
or action points.

Communication of results

Results of the neuropsychological testing, the risk
factor assessment and recommendations for indi-
vidualized lifestyle interventions are communicated

directly to the participant during the second appoint-
ment. Explanations are individually adapted to the
participant’s level of understanding and the result dis-
cussion is supported by visualization aids. Finally,
participants as well as the referring physicians receive
a written report of the test results.

Longitudinal follow-up

Finally, longitudinal follow-ups are scheduled in
yearly intervals to assess the evolution of cogni-
tive performance, as well as the presence of risk
factors over time. To ensure comparability between
visits, follow-up visits are structured similar to the
baseline visit. Concerning the neuropsychological
assessment, emphasis is placed on using parallel ver-
sions of the tests, when possible, to avoid learning
effects. During the follow-up visit, participants are
again offered specific voucher options according to
their individual risk profile.

Data storage, scheduling system,
and email-encryption

Given that a large amount of sensitive and confi-
dential data is generated in the frame of the program,
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it is of utmost importance to rely on secure ways
to handle and store this data. Hence, to allow
secure storage and management of personally identi-
fiable information (PII), a scheduling system, entitled
SMASCH (Smart Scheduling System) [52], has been
established by the Luxembourg Centre for Systems
Biomedicine (LCSB). Aside from storing data, the
tool is designed to schedule and manage appoint-
ments and generate time-saving letter templates.

Pseudonymized data are stored in Research Elec-
tronic Data Capture (REDCap), an electronic data
capture tool, which allows the centralized and highly
secured storage of the data [53, 54]. The web-based
application has been designed not only to support
data capture, but also to share and harmonize data
across different sites and institutions. For increased
security, REDCap is encrypted, the access to the site
is restricted and employs two-factor authentication.

To ensure General Data Protection Regulation
(GDPR)-compliant communication with the treating
physicians and the voucher partners, a secured email
system is used to send encrypted emails.

Implementation strategy

Pdp’s communication strategy aims to raise aware-
ness about the possibilities of dementia prevention
and facilitate the recruitment of our target popula-
tion through various communication channels and
outreach activities targeted to medical doctors, allied
healthcare professionals, potential future voucher
partners, participants, and the general public. Since
awareness regarding the potential to reduce the risk
of developing dementia seems to remain limited
[55], the pdp team regularly participates in outreach
events, such as informative events or conferences
in the field of neurodegenerative diseases. Further-
more, printed flyers and factsheets are designed to
provide additional information on the pdp and modal-
ities of participation as well as relevant information
on risk factors and recommendations on how to
stay physically and mentally fit. In addition, partici-
pants, treating physicians and partners receive regular
updates about the program and the latest research
findings through newsletters. Due to the linguistic
diversity in Luxembourg, communication material
is made available in four languages, namely Ger-
man, French, English and Luxembourgish. Finally,
the program has been largely covered in mass media,
such as newspapers, radio, and TV. The pdp-website
(https://www.pdp.lu/) [56] provides key information
about the program for patients and medical pro-

fessionals and features detailed information on pdp
objectives, activities, and associated risk factors.

To accommodate for reduced mobility [57] of the
target population and to facilitate access to the pro-
gram for people living in different regions, pdp offers
different regional recruitment hubs geographically
spread throughout the country (Fig. 2) [58–60].

Scientific Advisory Board

To ensure the scientific quality of the program
and to monitor the operations along state-of-the-
art guidelines and practices of international research
on the prevention of dementia, a Scientific Advi-
sory Board (SAB) was implemented at the launch
of pdp. The SAB is composed of five internation-
ally renowned researchers and experts in the field of
dementia research, care, and prevention, who meet
annually and provide a scientific evaluation of the
program, allowing for continuous improvement of the
program.

RESULTS

A total number of 450 participants with a mean
age of 69.5 years (SD = 10.8 years), ranging from
31 years to 90 years have been recruited since the
launch of the program in its current form in February
2018. The cohort consists of 215 male (47.8%) and
235 female (52.2%) participants with a mean number
of 12.0 (SD = 3.9) years of education. Regarding the
marital status, 307 (68.2%) participants are married,
61 (13.6%) are widowed, 60 (13.3%) are divorced,
17 (3.8%) are single, and 5 (1.1%) live in a registered
partnership. With 270 (60.0%) participants indicat-
ing Luxembourgish as their native language, this is
the most spoken main language, followed by French
(n = 58 (12.9%)), Portuguese (n = 38 (8.4%)), Ital-
ian (n = 25 (5.6%)), German (n = 21 (4.7%)), Spanish
(n = 10 (2.2%)), and English (n = 9 (2.0%)). Finally,
19 (4.2%) participants indicated an “Other” language
as their main language. Overall, participants speak a
mean number of 3.7 languages (SD = 1.1).

Regarding the cognitive status at baseline, the cur-
rent sample is composed of 392 (87.1%) participants
presenting with an MCI and 33 (7.3%) subjects with
an SCD. In total, 21 (4.7%) participants had to be
excluded because of a “suspicion of dementia” and
were referred to specialized centers. Finally, 4 (0.9%)
participants showed neither subjective nor objective
cognitive decline (Fig. 3).

https://www.pdp.lu/


798 V.E. Schröder et al. / Programme Dementia Prevention (pdp)

Fig. 2. Geographical locations of pdp-recruitment hubs and voucher activities in Luxembourg. A) Map presenting locations of pdp-
recruitment hubs and voucher activities. B) Map legend. C) Enlargement of activities/hubs within Luxembourg City. D) Population density
map of Luxembourg. From Map of cantons of Luxembourg [political map], by Sémhur [wikigraphist], 2009, Wikimedia Commons [58];
Brinkhoff, T. (2022). City Population. (http://www.citypopulation.de). CC BY 3.0. [59]; Icons by Icons8 (https://icons8.com/) [60].

Out of a total number of 108 referring treating
physicians, 74 (68.5%) were general practitioners,
23 (21.3%) neurologists, 3 (2.8%) geriatricians, and
8 (7.4%) physicians with other specializations. The
referring physicians to the pdp are 74 of 534 (13.9%)
general practitioners practicing in Luxembourg, 23
of 41 (56.1%) practicing neurologists and 3 of
13 (23.1%) practicing geriatricians [61]. Continu-
ous referrals by the referring physicians lead to a
constantly increasing number of initial in-person
appointments (Fig. 4).

In our cohort, the mean interval between the first
appointment and the second appointment is 69.9 days
(SD = 67.6). Five participants completed the neu-

ropsychological assessment on the same day as the
risk factor assessment. Since the launch of the pro-
gram, a total number of 549 participants have been
referred. The difference between this number and
the 450 recruited participants mentioned earlier is
attributable to the fact that some individuals have ini-
tially been referred by the physician but were not
or have not yet been recruited into the program. As
such, for 38 (38.4%) out of these 99 individuals,
appointments have been scheduled to take place in
the next three months. Finally, the reasons for non-
participation can be multifaceted and may include
motivational factors, physical inability, or practical
reasons.

http://www.citypopulation.de
https://icons8.com/
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Fig. 3. Demographic data for pdp-participants (n = 450) (i) and Cognitive status at baseline (ii). Abbreviations: n, sample size; y, number of
years; M, male; F, female; Ma, married; W, widowed; D, divorced; S, single; RP, registered partnership; L, Luxembourgish; F, French; P,
Portuguese; I, Italian; G, German; Sp, Spanish; E, English; O, Other.

Fig. 4. Specialization of referring physicians (i) and cumulative data of initial appointments over time (ii).

As previously mentioned, we offer different
regional consultation sites throughout the country to
increase access to pdp. 85 (18.9%) of the 450 partic-
ipants took advantage of this opportunity and were
recruited for at least one appointment through addi-
tional recruitment hubs (Fig. 2).

11 months after the launch of the program, a survey
was conducted to receive feedback from the referring
physicians who had at least once referred patients to
pdp by that point in time (n = 66) out of which 13
(19.7%) completed the survey. The results indicate
that the physicians agree on the importance of an
individualized dementia prevention program in Lux-
embourg and that the continuation of pdp would be
highly appreciated in the interest of their patients.
Overall, the referring doctors indicated that they were
very satisfied with the content of the reports and

that the recommendations given were very helpful
for their clinical practice. The detailed results of the
survey sent to the doctors are available in the Supple-
mentary Material.

DISCUSSION

The “programme dementia prevention (pdp)” is a
nationwide integrated care concept whose aim is to
prevent or at least delay cognitive decline in a tar-
get population at risk for dementia in Luxembourg
and whose methodology and first experiences are
reported here. The concept is based on research that
has shown promising results regarding the effective-
ness of multi-domain interventions in this context
[7–9]. However, our program expands beyond these
studies by translating research findings into an inte-
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grated care concept for secondary prevention by
taking a personalized approach and offering each par-
ticipant an individualized set of lifestyle interventions
which are tailored to their needs (e.g., temporal avail-
abilities, mobility of the participant, spatial distance
between residence and voucher partner, work status,
personal interests) in order to improve the adherence
to the suggested lifestyle interventions.

The successful implementation critically relied
on the establishment of a multidisciplinary network
of different healthcare professionals across different
domains, pursuing the shared goal of encouraging and
supporting individuals to adopt a healthier lifestyle
and control for potentially modifiable risk factors.
This network consists of various healthcare profes-
sionals, ranging from medical doctors to physio- or
occupational therapists as well as (neuro-) psychol-
ogists. The interventions, which are free of charge
for pdp-participants, are delivered by local partners
across the country who offer a diversified range of
activities. Among these services are, for example,
cognitive training, physical and social activities, as
well as psychological and dietary counselling. The
list of offered activities is constantly being adapted
based on the most recent scientific findings and the
cohort’s needs to cover the largest possible area and
to allow the participants to choose among as broad a
range of activities as possible.

Close collaboration with the referring physicians
has also proven to be crucial. Within the framework
of the pdp, this has been evident through the contin-
uously increasing number of referrals by more than
100 different physicians as well as the positive feed-
back on a survey among referring physicians during
the program’s early stages of implementation. The
results of this questionnaire reveal that physicians
acknowledge the importance of dementia preven-
tion programs, recognizing the value of the activities
offered as part of the program as well as the writ-
ten report, which is generated for each participant
after every visit. Although we consider the response
rate of physicians to already be satisfactory, we are
actively exploring the possibility of conducting satis-
faction surveys for both physicians and participants,
to obtain additional feedback with the ultimate goal
of further improving the program.

Furthermore, results demonstrate that we were able
to reach our target population, comprised of individ-
uals presenting with an SCD or MCI. It is important
to note that the few participants who showed a more
advanced cognitive decline associated with a loss of
autonomy in activities of daily living were not simply

excluded from the program but were referred to insti-
tutions specialized in the treatment of people with
dementia and their relatives. Participants belonging
to the target population are invited for follow-up vis-
its with the aim of tracking their evolution in terms
of cognitive performance and the presence of risk
factors.

Given that a substantial part of the population
remains unaware of the possibility that they could
potentially influence their risk of developing demen-
tia [55], a major focus of the program is to raise
awareness about its objectives and the possibilities
of dementia prevention among the general public and
other healthcare professionals by engaging in numer-
ous outreach activities, such as informative events and
conferences. The development of different printed
information material, such as flyers, factsheets, and
newsletters, as well as the use of other communica-
tion channels, such as mass media (newspaper, TV,
and radio) or the pdp-website, have been conducive to
this goal and will further be expanded in the future to
reach an even broader population including younger
individuals to start raising awareness about dementia
prevention as early as possible.

Hurdles and barriers to implementation

A first barrier to successfully implementing the
program was the fact that older participants often
show reduced mobility [57]. To overcome these diffi-
culties, we offer participants the flexibility to choose
their preferred location from several recruitment sites
available across the country, including the northern
and southern regions as well as the center of the
country (Fig. 2). Similarly, intervention services were
selected to minimize participants’ travel distances. In
the meantime, there are also offers, such as cognitive
training in a digital form, from which participants can
benefit at home at their convenience.

Since a large proportion of our participants
encounter cognitive difficulties, it was necessary to
adapt some of the processes to the participants’ needs.
To streamline administrative steps and reduce the
number of missed appointments, participants receive,
for example, not only a written confirmation of the
appointment including important information regard-
ing their participation but also a reminder by phone
a few days prior to the appointment to reduce the
number of missed appointments.

Furthermore, when communicating results, care is
taken to ensure that explanations are adapted to the
participant’s level of understanding and supported
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with visualization aids, such as the LIBRA index [37]
or tables containing a detailed overview of the neu-
ropsychological test results. In all the efforts, it has
been shown to be favorable to involve the relatives,
particularly in the case of already more pronounced
cognitive difficulties.

To improve compliance and facilitate the pre-
viously mentioned collaboration with the referring
physicians, feedback is provided in form of a written
report after every visit, detailing the results of the neu-
ropsychological assessment, identified risk factors
and recommendations regarding voucher activities
and differential diagnostic options, all which may be
conducive to the diagnostic process.

Limitations

The continuous expansion and adaptation to the
range of lifestyle interventions offered, which is
crucial to improving the quality of the program
and increasing participants’ motivation, makes it
challenging to compare the effectiveness of the multi-
domain interventions. This difficulty arises from the
fact that the suggested set of lifestyle interventions
varies from participant to participant. In this con-
text, it would be beneficial to have a control group
to better measure the effectiveness of the various
multi-domain interventions.

Luxembourg’s linguistic context poses another
challenge to the program due to the lack of tests and
questionnaires available in the three main languages
spoken in the country, which are Luxemburgish,
French, and German. Moreover, there is a general
absence of neuropsychological tests validated in Lux-
embourgish. For this reason, it was necessary to
translate some of the tests and questionnaires. In
addition, all written documentation must always be
translated into several languages. To account for the
multilingual context, it is imperative that team mem-
bers are multilingual and easily adapt to linguistic
variations.

Outlook

Our experiences in the framework of pdp will
inform future research in the field of dementia pre-
vention and healthy aging on how to best implement
prevention programs based on personalized lifestyle
interventions in real-world healthcare. The detailed
neuropsychological assessment and the collection
of data related to medical, cognitive, psychologi-
cal, and social aspects gathered through the different

questionnaires and psychometric scales result in
a deeply phenotyped cohort of individuals at risk
for dementia. Thanks to longitudinal follow-ups, it
will not only be possible to assess the effective-
ness of individualized multi-domain interventions in
mitigating risk factors contributing to the onset of
dementia, but also to analyze important motivational
factors that may influence individuals’ adherence
to the suggested lifestyle changes. Qualitative data
analysis has the potential to help to shed light on
these last aspects. Ultimately, the pdp provides an
ideal basis for future precision medicine approaches
by already covering the aspects “personalized” and
“prevention”.

Since modifiable risk factors appear to play a role
not only in late life, but already in middle life and
early life [4, 5], we seek to expand our efforts in terms
of dementia prevention beyond participants with first
cognitive complaints to a younger target population.
To further raise awareness about the possibilities of
dementia prevention in the general population and
to meet the need for early education about demen-
tia and its risk factors, we foresee employing digital
tools, such as an application available via mobile
(smartphone) and web browser.

Finally, our experience in implementing a nation-
wide integrated care network for personalized
prevention has yielded valuable insights into hur-
dles and barriers that need to be overcome during
the implementation process and may contribute to
guidelines for rolling out similar concepts in other
countries or regions.

ACKNOWLEDGMENTS

We would like to thank all participants as well
as their families who have put their trust in us for
their commitment to the program. Furthermore, we
would like to thank the Luxembourgish Ministry
of Health for initiating and continuously supporting
the pdp. We are also very thankful to the Centre
Hospitalier de Luxembourg (CHL) for their piv-
otal role in the implementation of this integrated
care program for prevention and the strong com-
mitment of CHL staff to our program, which was
instrumental in the advancement and success of pdp.
Moreover, we would like to thank all partners offering
lifestyle interventions within our program, without
whom the success of pdp would not be possible,
especially the colleagues of “ZithaAktiv” from the
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