Rosenberg et al. Alzheimer’s
Alzheimer’s Research & Therapy (2024) 16:252

https:/doi.org/10.1186/513195-024-01615-4 Research & Therapy

RESEARCH Open Access

. . . . f')
A digitally supported multimodal lifestyle

program to promote brain health among older
adults (the LETHE randomized controlled
feasibility trial): study design, progress, and first
results

Anna Rosenberg'?!, Helena Untersteiner**', Anna Giulia Guazzarini>®, Markus Bédenler®, Jeroen Bruinsma’,
Bianca Buchgraber-Schnalzer®, Matteo Colombo?®, Rik Crutzen’, Ana Diaz’, Dimitrios |. Fotiadis'%!",

Hannes Hilberger®'?, Simone Huber®, Nico Kaartinen'?, Thomas Kassiotis'*, Miia Kivipelto®'>1617,

Jenni Lehtisalo', Vasileios S. Loukas'®'", Jyrki Létjonen'® Mattia Pirani®, Charlotta Thunborg®'>!°, Sten Hanke®,
Francesca Mangialasche?'?, Patrizia Mecocci®?, Elisabeth Stégmann*', Tiia Ngandu' " and on behaf of the
LETHE Consortium

Abstract

Background The Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) multi-
modal lifestyle intervention yielded cognitive and other health benefits in older adults at risk of cognitive decline. The
two-year multinational randomized controlled LETHE trial evaluates the feasibility of a digitally supported, adapted
FINGER intervention among at-risk older adults. Technology is used to complement in-person activities, streamline
the intervention delivery, personalize recommendations, and collect digital biomarkers.

Methods Trial includes older adults (60-77 years) with digital readiness/experience with smart devices and increased
dementia risk but without substantial cognitive impairment. Participants are enrolled at four sites (Austria, Finland,
Italy, Sweden). At baseline, participants were randomized 1:1 ratio to 1) intervention i.e, structured multimodal
lifestyle program (including diet, exercise, cognitive training, vascular/metabolic risk management, social stimula-
tion, sleep/stress management) where in-person activities led by professionals are supported with an Android

mobile phone application developed by the consortium (the LETHE App); or 2) control i.e,, self-guided program
(regular health advice; simplified App with no personalized/interactive content). All participants wear smartwatches
to gather passive data (e.g., physical activity, sleep). Primary outcomes are retention, adherence, and change

in validated dementia risk scores. Secondary outcomes include changes in lifestyle, cognition, stress, sleep, health-
related quality of life, and health literacy. Additional outcomes (exploratory) include e.g. participant experiences
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and dementia-related biomarkers (Alzheimer’s disease blood markers, neuroimaging). A sub-study explores the feasi-
bility of novel interactive technology (audio glasses, social robot).

Results Recruitment began in September 2022, and the last participant was randomized in June 2023. In total, 156
individuals were randomized (mean age 69 years, 65% women; balanced recruitment across the four sites). Vascular
and lifestyle risk factors were common (e.g., 65% with hypertension, 69% with hypercholesterolemia, 39% physi-
cally inactive), indicating successful recruitment of a population with risk reduction potential. Trial will be completed
by summer 2025. Retention until the first post-baseline visit at 6 months is high (n=2 discontinued, retention 98.7%).

Conclusion LETHE provides crucial information about the feasibility of technology and a digitally supported FINGER
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lifestyle program to promote brain health. Digital tools specifically designed for older adults could offer potential

for large-scale, cost-effective prevention programs.
Trial registration ClinicalTrials.gov (NCT05565170).

Keywords Dementia, Cognitive decline, Prevention, Risk reduction, Randomized controlled trial, eHealth, mHealth,

Technology

Background
Preventing late-life cognitive decline and dementia is
a global health priority [1, 2]. Modifiable risk factors,
many of which are related to lifestyle, cardiovascu-
lar health, and lack of cognitive/social stimulation, are
estimated to account for at least 40% of dementia cases
globally [3]. While there is obvious potential for individ-
ual- and population-level risk reduction, the etiology of
late-life cognitive decline is complex and multifactorial,
given the lifelong cumulative exposure to multiple risk
and protective factors [4]. Thus, successful risk reduc-
tion approaches must be multifactorial, or multimodal,
i.e., address several factors simultaneously [4, 5]. Such
interventions can be non-pharmacological, pharmaco-
logical, or a combination of both [5]. In the landmark
Finnish Geriatric Intervention Study to Prevent Cogni-
tive Impairment and Disability (FINGER randomized
controlled trial, RCT, ClinicalTrials.gov NCT01041989),
a two-year multimodal lifestyle program (including die-
tary guidance, exercise, cognitive training, social activi-
ties, and vascular/metabolic risk management) showed
clear positive effects on cognition, vascular health,
and dementia risk estimates among 1260 community-
dwelling older adults with dementia risk factors but no
cognitive impairment [6—9]. The intervention was safe,
feasible, and well-received by the participants [6, 10].
Integrating smart technology and digital tools is an
attractive strategy to further optimize the FINGER
model. Digitally supported interventions offer a flex-
ible way to engage in the program and complete assess-
ments e.g., at home. Digital tools could also help align
the professional guidance with individual preferences,
risk profile, and other needs to personalize the inter-
vention. Increased flexibility and individualized adjust-
ments support adherence, which can be a challenge in
lifestyle interventions, particularly among individuals

who have most room for improvement [11-15]. Impor-
tantly, passive data collection with smart devices could
enable a closer monitoring of intervention effects and
help capture subtle changes in risk factors and cognitive/
functional status which are not detectable with standard
assessments [16, 17].

As the adoption of digital services is growing among
older adults, and the gap to younger adults is gradually
narrowing, the window is now open for technology-
assisted interventions to support brain health. In 2022,
64% of EU citizens aged 65-74 years used the Internet
regularly (daily or at least once a week; 53% in 2019 and
42% in 2016), and of different activities, 36% mentioned
searching for health information [18]. Digital health and
lifestyle monitoring is also gaining popularity (eHealth,
mHealth solutions). This underlines the need to develop
feasible, effective, and scalable digital solutions for older
adults, for cost-efficient risk factor self-management and
dementia risk reduction.

The European LETHE project proposes a new mul-
timodal precision prevention approach to address key
challenges in dementia risk reduction with the help of
technology [19, 20]. The multinational, two-year RCT
presented in this paper investigates the feasibility of a
digitally supported, adapted FINGER multimodal life-
style intervention program among at-risk older adults.
The primary objective of the RCT is 1) to assess partici-
pant retention, adherence, and engagement in the inter-
vention which combines original FINGER in-person
activities led by professionals with digital activities, and
2) to investigate change in dementia risk. Other objec-
tives are to assess intervention-related changes in health,
cognition, and risk factors, and to identify risk/protec-
tive factors and mechanisms behind aging and cognitive
decline, also leveraging artificial intelligence and novel
digital biomarkers.
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Methods

Study design

LETHE (ClinicalTrials.gov  NCT05565170) is a two-
year pilot RCT conducted at four European sites: Medi-
cal University of Vienna (Austria), Finnish Institute for
Health and Welfare (Finland), University of Perugia
(Italy), and Karolinska Institutet (Sweden). At each site,
eligible participants were randomized in a 1:1 ratio in
blocks of four (centralized computer-based allocation
performed by project partner FH Joanneum) to either
a 1) structured digitally supported multimodal lifestyle
program (=intervention; scheduled program designed
and led by professionals) or 2) a self-guided multimodal
lifestyle program (= control; regular health advice).

The structured LETHE intervention follows a hybrid
approach where in-person intervention activities (on-site
and remote; adopted from the original FINGER program)
are supported by independent activities in the Android
smartphone application designed by the LETHE Con-
sortium (the LETHE App). The LETHE App includes
personalized features and dynamic content supporting
engagement in the lifestyle program and risk factor self-
management. The self-guided group is encouraged to
implement general health/lifestyle advice independently;
this group has access to a simplified version (view) of
the LETHE App including educational material selected
by the study teams but no personalized content. All par-
ticipants have the possibility to contact the study staff
throughout the study, and they also receive support from
so-called digital coaches (dedicated study staff members)
who help with any technical questions and problems in
person or by email/phone.

In-person (on-site & remote)

3-4 group and 1-2 individual sessions

Strength training: 1 live group & 1 independent session/week
Aerobic training: 1 — 5 x/week independent exercise

3 group sessions

Interaction with other participants
(group sessions)

Smartphone &
In-house developed
LETHE App

G0

Smartwatch
(Fitbit)

2-4 individual consultations
(1-2 with nurse, 1-2 with physician)

Different versions for different groups

Gradual introduction of the intervention activities in the first 6 months

STRUCTURED MULTIMODAL INTERVENTION

Study visits: at
months 6, 12, 24

SCREENING BASELINE

COGNITIVE TRAINING

Continuous technical support by digital coaches & passive data collection with digital tools
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Like in FINGER, blinding is pursued such that cogni-
tive outcome evaluators are blinded to randomization
and not involved in the intervention. Group allocation
is not actively disclosed to participants. The main study
visits, including clinical and cognitive assessments, take
place at baseline and at 6, 12, and 24 months; additional
data are collected digitally (actively via outcome-related
questionnaires in the LETHE App and passively via mon-
itoring through smart devices). During the second year, a
subset of intervention group participants will be invited
to join a two-month sub-study exploring novel interac-
tive technology and its feasibility in the context of the
LETHE intervention (audio smart glasses paired with a
voice interaction app, a social robot). The overview of the
study is presented in Fig. 1.

Participants

Participants were recruited using a local social media
(Facebook) advertisement in Sweden, Finland, and Aus-
tria. In Italy, local associations for older people were
utilized, as well as printed posters which were distrib-
uted in the hospital/memory clinic. The study popula-
tion in LETHE is similar as in FINGER: older adults (age
60-77 years) at risk of dementia based on the Cardio-
vascular Risk Factors, Aging, and Incidence of Dementia
(CAIDE) Dementia risk score [21] and cognitive perfor-
mance, but without any substantial cognitive impair-
ment. LETHE participants were additionally required to
have sufficient digital readiness to follow the interven-
tion. The full inclusion and exclusion criteria are shown
in Table 1.

Digital (LETHE App)

NUTRITION Short diet monitoring questionnaires
NUTRITION Reminders, nu)gti:lications
Sub-studies:
Smartwatch activity tracking, on-demand training videos
Reminders, notifications
Exploring novel interactive technology

(intervention group only,

Independent training with cTRAIN program, 4
8-week study in year 2)

goal min. 3 x/week

WhatsApp group for peer support

Self-monitoring of blood pressure, alcohol
consumption, smoking habits ( N
Videos, smartwatch sleep tracking
Reminders, notifications )
Library of everyday tips (Tiny Habits), goal setting,

motivational feedback, educational content

Interviews mapping experiences
with digital tools (both groups in
Sweden, after 6-month visit)

SELF-GUIDED MULTIMODAL INTERVENTION

GENERAL HEALTH ADVICE & SUPPORT (oral & written, including educational content in the LETHE App)

Randomization

Fig. 1 Overview of the LETHE trial design
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Table 1 Participant inclusion and exclusion criteria
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Inclusion criteria:

« Age 60-77 years

« Fluency in the local language (German, Italian, Finnish, or Swedish)
« CAIDE Risk Score > 6

- Cognition at mean level or slightly lower than expected for age, defined as having at least one of the following: MMSE < 26, Consortium to Establish
a registry for Alzheimer’s Disease (CERAD) word list learning < 19/30, and/or CERAD word list delayed recall < 75%

- Sufficient digital skills to follow the intervention program and engage with the digital tools: Internet access, prior experience with smartphone,

and an existing compatible smartphone or willingness to switch to a new smartphone provided by LETHE

Exclusion criteria:

- Diagnosed or suspected dementia/substantial cognitive impairment (MMSE < 20); current/past use of Alzheimer’s disease/dementia medication
- Significant neurologic disease e.g., Parkinson'’s disease, Huntington’s disease, normal pressure hydrocephalus, brain tumor, progressive supranuclear
palsy, seizure disorder, subdural hematoma, multiple sclerosis, or history of significant head trauma with persistent neurologic sequelae or known

structural brain abnormalities

« Diminished decision-making capacity, incapability to consent/complete study assessments, and any conditions preventing cooperation (based

on clinical judgement)
- Severe loss of vision, hearing, or communicative ability

- Any conditions affecting safe intervention engagement e.g., malignancy, major depression, symptomatic cardiovascular disease, and revascularization

within 1 year

- Concomitant participation in an intervention trial (unless considered not to interfere with LETHE)

Study procedures and data collection

During recruitment, individuals expressing their interest
to join the study were first pre-screened over the phone to
check basic inclusion criteria to reduce screening failures
(age, digital readiness/skills, and CAIDE score). Digital
readiness was assessed by interviewing the participant
about their prior use of digital devices (which device,
how often and for which purposes, and if the participant
is comfortable with using Internet and email (e.g., search
for information online, read and send emails)), about
their current internet access, and willingness to use a
phone that is compatible with the LETHE App. Poten-
tially eligible persons were invited to full screening for
detailed eligibility assessment, including cognitive testing
and interview to confirm absence of medical exclusion
criteria (Table 1). Screening was conducted on-site (Aus-
tria, Italy, Sweden) or online (Finland).

At baseline, in addition to conducting clinical, cog-
nitive, and other assessments, the study staff installed
the LETHE App on participants’ smartphones (a new
smartphone was provided if participant’s existing phone
was not compatible with the technical requirements of
LETHE). Participants were requested to complete a set
of questionnaires (e.g., lifestyle-related) in the App within
two weeks from the baseline visit. Once completed, par-
ticipants were randomized, and the full version of the
App was activated (different view and content for the
intervention and control groups). Successively, an extra
visit with the digital coach was arranged to introduce the
entire App content to the participants, and to hand out
a smartwatch (intervention group: Fitbit Sense; control
group: Fitbit Charge 5) and a tablet computer for those
intervention group participants who did not yet own one.

After baseline, the main study visits take place at 6, 12,
and 24 months, to collect clinical and cognitive outcome
data. At these timepoints, participants in both groups
also complete outcome-related questionnaires in the
LETHE App. Other digital data collection takes place
continuously throughout the trial, i.e., passive monitor-
ing through the phone, LETHE App, and smartwatch.
Table 2 summarizes the data collected at different time-
points. The trial also includes biomarker studies: at base-
line and end of study, blood samples are collected for e.g.
analysis of Alzheimer’s disease (AD) blood markers and
MRI is conducted (in a subsample) across all sites.

Outcome assessments
Primary outcomes
The primary outcomes are: 1) feasibility of the digi-
tally supported multimodal lifestyle intervention and 2)
change in dementia risk based on validated risk scores.
Feasibility is assessed based on retention rate (propor-
tion of randomized participants completing the trial in
each group) and adherence to the intervention. A reten-
tion of 65% (max. 35% drop-out) is considered success-
ful. Reasons for discontinuation are recorded. In terms
of adherence, both digital and non-digital interven-
tion activities will be considered. The following will be
assessed: usage of and engagement with the LETHE App
and smartwatch (e.g., frequency and duration of logins,
wear time), and participation in study visits and inter-
vention-related activities/meetings. Feasibility is further
explored by investigating participants’ opinions on the
intervention and the usability of the LETHE App / digital
tools (quantitative assessment with the System Usability
Scale [22] and qualitative interviews in a subsample).
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Table 2 Overview of assessments conducted for all participants

Screening Baseline Month 6 Month 12 Month 24

General participant characteristics

Demographics (age, X X X
sex), education, marital &
socioeconomic status, living
situation

Self-reported health status & medical history

Medical history, diagno- X X X X
ses, medication use

Family history of demen- X X X
tia, CVD, diabetes
Measurements

Height & weight (BMI),  x X X X X

blood pressure, hip-waist
circumference

Routine blood tests® X X X X
DNA sample (for APOE X
genotyping)
Blood samples X X
for research purposes®
Brain MRI X X

Cognition & function
CERAD word list learning  x

& delayed recall
MMSE X X X
Subjective cognitive X X X X
concerns
CDR, CDR-SB X X
Extended NTB X X X
Digital cognitive assess- X X X
ment battery (cCOG)“
IADL X X X

Physical performance

SPPB, grip strength, X X
timed 10-m dual task test

Lifestyle questionnaires®

Food and eating habits X X X

Physical activity X X X

Smoking & alcohol X X X
consumption

Cognitive & social activi- X X X
ties

Sleep problems (ISI) X X X
Mood, depressive symptoms, quality of life

Stress-related symptoms X X X
(PSS-14)

Depressive symptoms X X X
(CES-D)

Zung depression scale® X

Health-related quality X X X

of life (RAND-36)
Health literacy, attitudes & experiences’

Health literacy (HLS-EU- X X
Q16)
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Table 2 (continued)
Screening Baseline Month 6 Month 12 Month 24
Attitudes to demen- X X
tia prevention and risk
reduction (selected items
of MCLHB-DRR scale)
Digital skills, Internet use, X
smartphone habits
Assessment of experi- X X X
ences with the LETHE App
(SUS)
Reasons for participation X
Feedback on participa- X X

tion
Passive data collection through the smartwatch, smartphone & LETHE App

Activity log, sleep param-  Continuous data collection throughout the trial
eters, heart rate, heart rate
variability, step count, SpO2
(smartwatch)

Phone sensor & app data
(count of nearby Bluetooth
devices, phone usage data,
data on LETHE App usage)

Data from the cTRAIN
cognitive training program
(e.g, logins, perforr‘mance)f

2Total cholesterol, HDL, LDL, triglycerides, HbA1c, CRP, fasting glucose, creatinine, ASAT, ALAT, GGT

b Analysis of aging- and dementia-related biomarkers e.g., AD markers (p-tau181, NfL)

€ Using personal computer/tablet or a device at the study center, approx. 1 month after each NTB

4 Questionnaires completed independently in the LETHE App
€ Assessed in Austria, Finland, and Italy
fOnly intervention group

Abbreviations: ADL activities of daily living, APOE apolipoprotein E, ALAT alanine aminotransferase, ASAT aspartate aminotransferase, BVl body mass index, CDR Clinical
Dementia Rating, CDR-SB Clinical Dementia Rating Sum of Boxes, CERAD Consortium to Establish a Registry for Alzheimer’s Disease, CES-D Center for Epidemiologic
Studies Depression Scale, CRP C-reactive protein, CVD cardiovascular disease, GGT gamma-glutamyl transferase, HDL high-density lipoprotein, HLS-EU-Q16 16-item
European Health Literacy Survey Questionnaire, IJADL Instrumental Activities of Daily Living, IS/ Insomnia Severity Index, LDL low-density lipoprotein, MCLHB-DRR The
Motivation to Change Lifestyle and Health Behaviours for Dementia Risk Reduction scale (Kim et al., Dementia and Geriatric Cognitive Disorders Extra, 2014), MMSE
Mini-Mental State Examination, MRl magnetic resonance imaging, NfL neurofilament light chain, NTB Neuropsychological Test Battery, PSS-14 14-item Perceived Stress
Scale, p-tau181 phosphorylated tau 181, SPPB Short Physical Performance Battery, SUS 10-item System Usability Scale

Change in dementia risk is assessed based on two
scales, CAIDE [21] and LlIfestyle for BRAin health
(LIBRA) index [23]. Both are validated tools to estimate
risk of late-life dementia [24, 25], and findings from
FINGER suggest that they can be useful in quantifying
risk reduction and prevention potential in an at-risk
population and trial context [8, 9]. CAIDE considers
non-modifiable and modifiable risk factors: age, educa-
tion, sex, systolic blood pressure (BP), body mass index
(BMI), total cholesterol, and physical activity. Total
score is the sum of the points assigned for each factor
(range 0-15; higher scores indicate higher risk). LIBRA
consists of a weighted sum score of modifiable risk and
protective factors; factors in the original version include

coronary heart disease, diabetes, hypercholesterolemia,
hypertension, depression, obesity, smoking, physical
activity, renal disease, alcohol use, cognitive activity,
and diet (theoretical range from —5.9 to+12.7; higher
scores indicate higher risk).

Secondary outcomes

Secondary outcomes include changes in lifestyle/adher-
ence to healthy lifestyle, stress-related symptoms, sleep
problems, health-related quality of life, health literacy, and
cognition (composite z-score of 14 tests in the extended
Neuropsychological Test Battery, NTB [26], adapted
from the FINGER [6] and MET-FINGER [27] RCTs). The
assessment methods and scales are summarized in Table 3.
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Table 3 Methods and scales to assess secondary outcomes
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« Lifestyle/adherence to healthy lifestyle: Composite score developed in FINGER, based on self-reported data on exercise, diet, vascular factors,
and cognitive/social activity (Barbera et al., Alzheimer’s & Dementia, 2021. doi:https://doi.org/10.1002/alz.053388)
« Stress-related symptoms: Perceived Stress Scale-14 (Cohen et al., Journal of Health and Social Behavior, 1983. doi:https://doi.org/10.1002/alz.05338

810.2307/2136404)

« Sleep problems: Insomnia Severity Index (Morin, Insomnia: Psychological assessment and management, 1993)
« Health-related quality of life: RAND-36 scale (Hays et al., Health Econ, 1993. doi:https://doi.org/10.1002/hec.4730020305)
« Health literacy: 16-item European Health Literacy Survey Questionnaire (Serensen et al,, Eur J Public Health, 2015. doi: https://doi.org/10.1093/

eurpub/ckv043)

« Cognitive performance: Composite z-score of the following 14 NTB tests: WMS-IIl, WMS-R, WMS-IV Logical Memory, immediate; Logical Memory,
delayed; WMS-R Visual Paired Associates, immediate; Visual Paired Associates, delayed; Digit Span; RAVLT learning; RAVLT delayed recall; CERAD cat-
egory fluency; Category fluency fruits and vegetables; TMT A; TMT B (shifting score B-A); Shortened 40-stimulus Stroop Test condition 2; Stroop test

condition 3 (interference score 3-2); WAIS-IV Digit Symbol Substitution Test

Abbreviations: CERAD Consortium to Establish a Registry for Alzheimer’s Disease, FINGER Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and
Disability, NTB Neuropsychological Test Battery, RAVLT Rey Auditory Verbal Learning Test, TMT Trail Making Test, WAIS Wechsler Adult Intelligence Scale, WMS Wechsler

Memory Scale

Table 4 Methods and scales to assess exploratory/other outcomes

- Physical activity: objectively measured with the smartwatch and self-reported based on an adapted Minnesota questionnaire (Taylor et al., J

Chronic Dis, 1978. doi: https://doi.org/10.1016/0021-9681(78)90058-9)

« Nutrient and food intake: questionnaire adapted from the versions used e.g, in previous multimodal prevention trials (FINGER, MIND-AD .,

HATICE)

+ Vascular/metabolic factors: BP, BMI, waist circumference, blood lipids, fasting glucose, HbA1c, smartwatch data on heart rate / heart rate variability
- Mood/depressive symptoms: Center for Epidemiologic Studies Depression Scale (Lewinsohn et al., Psychol Aging, 1997. doi: https://doi.org/10.
1037//0882-7974.12.2.277); count of nearby Bluetooth devices via passive phone sensors as a proxy for social interaction

- Sleep: smartwatch data on quality, duration, fragmentation parameters

« Physical performance: grip strength, timed 10-m dual task test, Short Physical Performance Battery (Guralnik et al.,, J Gerontol, 1994. https://doi.org/

10.1093/geron;j/49.2.m85)

« Cognition, function: Individual NTB domains (memory, executive function, processing speed); CDR-SB (Morris, Neurology, 1993. https://doi.org/10.
1212/wnl43.11.2412-a); IADL (Lawton & Brody, Gerontologist,1969. https://doi.org/10.1093/geront/9.3_Part_1.179); and digital cognitive test battery
cCOG (Rhodius-Meester et al., Alzheimers Dement (Amst), 2020. https://doi.org/10.1002/dad2.12083)

- AD/dementia fluid biomarkers: blood NfL and p-tau181 (Simoa)

- AD/dementia imaging biomarkers: computationally assessed MRI volumetry, white matter lesions, and ratings for MTA, GCA, and Fazekas (Koik-
kalainen et al.,, Neuroimage Clin, 2016. https://doi.org/10.1016/j.nicl.2016.02.019; Koikkalainen et al., Eur Radiol, 2019. https://doi.org/10.1007/500330-

019-06067-1)

Abbreviations: BMI body mass index, BP blood pressure, CDR-SB Clinical Dementia Rating Sum of Boxes, FINGER Finnish Geriatric Intervention Study to Prevent
Cognitive Impairment and Disability, GCA global cortical atrophy, HATICE Healthy Aging Through Internet Counselling in the Elderly, IADL Instrumental Activities of
Daily Living, MIND-AD,;,; Multimodal Preventive Trial for Alzheimer’s Disease, MRl magnetic resonance imaging, MTA medial temporal lobe atrophy, NfL neurofilament

light chain, NTB Neuropsychological Test Battery, p-tau181 phosphorylated tau 181

Exploratory/other outcomes

Exploratory outcomes include changes in individual life-
style domains and risk factors, mood/depressive symp-
toms, sleep quality/duration, physical performance,
and cognitive and functional measures. Changes in
AD/dementia-related biomarkers will also be explored.
The assessment methods and scales are summarized in
Table 4.

Intervention

Structured multimodal lifestyle program (intervention group)
The LETHE intervention is a digitally supported,
structured multimodal lifestyle program delivered
partly in-person and partly digitally using the LETHE
App and other digital tools (tablet, smartwatch). The
intervention domains are 1) Dietary guidance, 2)
Physical activity, 3) Cognitive training, 4) Monitor-
ing and management of vascular and metabolic risk
factors, 5) Social stimulation, and 6) Sleep and stress

management (only digital). The in-person intervention
activities are organized both face-to-face and remotely
as online meetings. The activities are aligned with the
original FINGER and the more recent FINGER-based
RCTs [27, 28].

The design and development of the multimodal life-
style intervention program are centrally coordinated
and harmonized. The intervention activities at the four
sites share common key principles and similar sched-
ules to ensure comparable intervention content and
intensity. Detailed staff manuals guarantee harmo-
nized intervention delivery across all study sites. Cer-
tain local adaptations, as well as tailoring to individual
participant needs are nevertheless allowed to optimize
feasibility and efficacy. Also, each site designs the
detailed intervention delivery (e.g., balance between
face-to-face and online meetings) depending on local
arrangements and feasibility, as well as participant
preferences.


https://doi.org/10.1002/alz.053388
https://doi.org/10.1002/alz.05338810.2307/2136404
https://doi.org/10.1002/alz.05338810.2307/2136404
https://doi.org/10.1002/hec.4730020305
https://doi.org/10.1093/eurpub/ckv043
https://doi.org/10.1093/eurpub/ckv043
https://doi.org/10.1016/0021-9681(78)90058-9)
https://doi.org/10.1037//0882-7974.12.2.277)
https://doi.org/10.1037//0882-7974.12.2.277)
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1002/dad2.12083
https://doi.org/10.1016/j.nicl.2016.02.019
https://doi.org/10.1007/s00330-019-06067-1
https://doi.org/10.1007/s00330-019-06067-1

Rosenberg et al. Alzheimer’s Research & Therapy ~ (2024) 16:252

To support adherence, the different intervention
domains were introduced gradually during the first six
months of the trial, starting with individual vascular risk
factor and dietary consultations which were followed
by cognitive and finally exercise group sessions. Partici-
pants gained access to all the intervention content in the
LETHE App directly after randomization and the digital
introduction visit.

Dietary guidance

The dietary intervention aligns closely with the prin-
ciples of FINGER [29] and is based on general dietary
recommendations with special attention on nutritional
issues common among older adults. Local adjustments
are allowed to align with national dietary recommenda-
tions. The key dietary intervention goals in nutrient and
food intake levels are summarized in Supplementary
Table 1 (Additional file 1). The intervention is delivered
through individual consultations (1-2 sessions, approx.
30—45 min each) and small group sessions (3—4 sessions,
approx. 45—60 min each) with a trained nutritionist. Indi-
vidual consultations include a thorough assessment of
the participant’s current dietary habits and provide tai-
lored, practical advice on how to improve diet and imple-
ment changes in daily routines. All recommendations are
adjusted according to individual needs considering e.g.,
health status and weight. Group sessions provide more
information and support the implementation of relevant
dietary changes. Group support is exploited through
joint discussions. Participants are encouraged to invite
their spouse/partner to join the sessions.

Physical activity

The physical activity intervention is based on FINGER
and the international guidelines for older adults [30].
The program combines aerobic, strength, and balance
training, with progressively increasing intensity and
frequency. It is tailored to meet individual needs, e.g.,
fitness level, health status, and personal preferences.
The goal is to make permanent changes to include
physical activity into everyday life. Participants are
encouraged to lead a more active and less sedentary life
and provided with practical advice on how to incorpo-
rate activity in their daily routines.

The exercise program is led by a physiotherapist or
trained professional experienced in working with older
adults, and consists of the following components: an ini-
tial motivational consultation and muscle strength test-
ing to define the optimal training load; group sessions
on strength training (at least one weekly 30—60 min ses-
sion at the gym and/or online); and independent aerobic
exercise (planned together with the professional based
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on participants’ needs and preferences). The progres-
sion pattern for the training is shown in Supplementary
Table 2 (Additional file 1). Participants are advised to
use the on-demand video material in the LETHE App to
reach the goal of two weekly strength training sessions.
To track their activities and self-monitor exertion level
to ensure right intensity level, participants are encour-
aged to utilize their smartwatches.

Group sessions on strength training follow a similar
structure and concept regardless of whether they take
place on-site or online (e.g., duration, targeted muscle
groups). Remote sessions rely on bodyweight exercises,
resistance bands, and exercises utilizing everyday tools
at home (e.g., chairs, bottles). Even if most group ses-
sions were remote, all sites organize a few on-site ses-
sions at the beginning and end of the intervention, as
well as in-between, to ensure safety and proper exercise
techniques, and to facilitate grouping, support motiva-
tion, and monitor progression.

Cognitive training

The cognitive intervention is delivered through group ses-
sions (3 sessions, approx. 60 min each) with a psychologist
or other trained professional, and independent cognitive
training with a web application available via the LETHE
App (cTRAIN, provided by Combinostics Ltd and adapted
from the program used in FINGER [31]). The group ses-
sion topics are cognitive abilities, aging-related changes in
cognition, brain plasticity, factors affecting cognition (e.g.,
sleep, stress, mood), and tips to stay mentally fit. The first
group session is dedicated to introducing the cTRAIN
program; after that the participants have access to the
program for the whole trial duration. cTRAIN includes
six games to train working memory (visuo-spatial span
task), executive functions (two working memory updat-
ing tasks, spatial and verbal), mental speed (set-shifting
task), and episodic memory (word associate task i.e., word
triplets and a classic memory-game). The software intro-
duces automatically different tasks in a sequential order
(two games available at a time for each two-week period).
With improving performance, the difficulty of the games
increases, and more advanced levels are unlocked. Partici-
pants are recommended to train three times per week for
10-15 min/session, but they can train more if they wish.
Activity and performance are registered automatically,
and participants can monitor selected statistics (com-
pleted sessions, high scores).

Monitoring and management of vascular/metabolic risk
factors

Risk factor monitoring and management is based on
country-specific evidence-based guidelines. The goal
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is to identify risk factors and motivate participants to
take action by giving tailored, targeted counselling and
personalized feedback taking into account individual
situation and motivation. Risk factors/conditions to
cover include BP/hypertension, dyslipidemia, diabe-
tes/ glucose levels, smoking, alcohol consumption,
weight management (acknowledging the complex role
of weight changes in old age and risk of frailty/malnu-
trition), and other relevant lifestyle factors. The inter-
vention includes 1-2 individual consultations with a
nurse and physician, respectively (in total 2—4 sessions,
approx. 45—-60 min each). Extra measurements of e.g.,
BP or waist circumference can be conducted to support
the consultation. If medication initiation or adjustment
is needed, the study physician writes a prescription, or
the participant is recommended to contact (or referred
to) the regular health care provider.

Social stimulation

In previous multimodal prevention RCTs, social engage-
ment was crucial to support motivation and intervention
adherence [10, 32]. In LETHE, social activities are there-
fore strongly supported and stimulated through regular
group meetings. Group sessions are designed to facili-
tate open discussions and social interaction among par-
ticipants. This interaction is also encouraged outside the
scheduled sessions, e.g., via local WhatsApp group chats.

Sleep and stress management

Stress and sleep are acknowledged as relevant factors for
brain health, although more evidence is needed of their
potential causal role as risk factors [33, 34]. Stress and
sleep problems can nevertheless interfere with health
as a whole and prevent from making sustained lifestyle
changes. No separate in-person activities are organized
in this domain, but the topics are addressed as part of
other consultations as applicable. Participants can inde-
pendently monitor sleep with the smartwatch and access
relaxation videos in the LETHE App.

Self-guided multimodal lifestyle program (control group)

Participants in the control group are advised to build
their own healthy lifestyle program based on the standard
advice they receive at the main study visits and through
the simplified LETHE App. Participants are encour-
aged to independently implement relevant changes in
their daily routine. The simplified LETHE App includes a
library of educational material selected by the local study
teams, but none of the personalized features or notifica-
tions (see next section and Fig. 1). The smartwatch worn
by the control group is a simpler model than the one worn
by the intervention group (serves mostly passive data col-
lection, yet allows e.g. physical activity tracking). Like the
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intervention group, the control group receives the results
of routine blood tests (e.g., lipids), information about their
meaning, and if needed, advice to seek medical care.

LETHE App

Given the lack of existing apps that are appropriate for
the LETHE target group and aligned with the principles
of the FINGER intervention model, a new app was in the
project to support the intervention delivery and trial data
collection. The LETHE App is an Android native app; the
development process and technical implementation are
described elsewhere (Hilberger et al., in preparation). In
brief, the LETHE App features two different views (full
view with all functionalities for the intervention group;
simplified view with selected functionalities for the con-
trol group). Figure 2 shows the two different overviews
(dashboards) of the LETHE App. All content is available
in English and the four trial languages (Finnish, Ger-
man, Italian, Swedish). Translations were provided and
checked by the local study teams.

The key features of the LETHE App are summarized
in Fig. 1. Features for both study groups include: a cal-
endar (to view and keep track of study appointments
and join online meetings if applicable), questionnaires
(for outcome-related assessments at timepoints shown
in Table 2), option to record current mood (by selecting
emoticons), and a library of educational content covering
all domains of the lifestyle program (external websites).
This material was selected by the study teams to ensure it
is appropriate for this target group, evidence-based, reli-
able, and aligned with the principles of the lifestyle inter-
vention as well as local guidelines. The full App includes
several additional features designed to support the deliv-
ery of the multimodal lifestyle intervention and encour-
age independent engagement in healthy activities. Some
of the features and activities can be viewed and modified
by the study staff on a web portal (LETHE Clinical Trial
Management System, CTMS) which helps deliver the
intervention in a more personalized way.

For diet, a short questionnaire is available in the App
for simple self-monitoring of healthy diet adherence (e.g.,
consumption of fish, processed meat, and fruit and veg-
etables). The questionnaire is divided into three blocks,
each of which appears weekly (Additional file 1, Supple-
mentary Table 3). For physical activity, on-demand exer-
cise videos focusing on strength and balance training are
available (selected or filmed by the local study teams to
accommodate different fitness levels). These videos com-
plement the in-person group sessions. To relax or help
fall asleep, YouTube videos with soothing melodies and
breathing exercises are available (selected by the study
teams). For cognitive training, participants have access to
the cTRAIN program through the LETHE App. cTRAIN,
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— Intervention group
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Fig. 2 Overview (front page) of the different LETHE App views (full view for the intervention group, simplified view for the control group)

as well as all videos in the LETHE App, can also be
opened on a tablet or computer, by scanning a QR code
or sending the link by e-mail. For social stimulation, par-
ticipants are offered the possibility to connect with each
other in a local WhatsApp group chat. For vascular risk
factor control, the App includes a diary for self-monitor-
ing of smoking, alcohol consumption, and BP. The profes-
sionals can view the entries in the CTMS, and results can
be discussed at the individual consultations.

The full LETHE App also includes a feature for personal
goals. The goals are discussed and set together with the
professional to ensure they are relevant and follow the
SMART principles (specific, measurable, achievable, real-
istic, time-bound). Goals are displayed in the App as items

on a to-do list, and they can be ticked off once reached.
The full App also includes a library of practical everyday
tips and behavioral suggestions to help individuals imple-
ment healthy habits into the daily routine (so called tiny
habits, based on habit formation theory [35, 36]). The
library was originally created for a large Finnish type 2 dia-
betes online prevention RCT [37] (library publicly avail-
able in Finnish under CC BY 4.0 license [38]). Lifestyle
domains covered were diet, exercise and sedentary life-
style, mental wellbeing, sleep, smoking, and social inter-
action. For LETHE, the library was reviewed, translated,
and partly adapted and expanded by the study teams to
ensure appropriateness for our context. For example, the
dietary and exercise advice was aligned with the principles
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of FINGER, and a new section was developed for cogni-
tive stimulation. Participants can choose new habits and
unselect old ones as often as they wish (total number of
available habits >500; examples in Additional file 1, Sup-
plementary Table 4). Participants can indicate regularly if
the habits were successfully implemented or not. Finally, a
feature for personalized semi-automated feedback is cur-
rently under development. Based on data from the smart
devices, motivational feedback messages will be sent, and
a weekly performance/adherence score will be calculated
and shown in the App (Fig. 2).

Exploring novel interactive technology (sub-study)

A subset of intervention group participants will be
invited to test novel interactive technology as a comple-
mentary way to engage with the LETHE App. Two dif-
ferent technologies are tested: a social robot (Temi) and
audio smart glasses (FAUNA Spiro) (Fig. 1). The robot
can navigate around the house and display LETHE App
content on a touch display. It can also assist by reminding
about intervention-related tasks. The audio glasses have a
Bluetooth microphone and headphones. In combination
with a voice interaction app, glasses enable hands-free
interaction with the LETHE App functionalities. Instead
of reading on the screen and typing answers to questions
as done with the smartphone, participants can listen to
App contents and enter information through voice inter-
action. Both devices are CE-certified.

Statistical considerations

LETHE is an RCT assessing primarily feasibility. In line
with CONSORT extension guidelines for such RCTs
[39], no formal sample size calculations were conducted.
Sample size is in line with other feasibility RCTs testing
multimodal preventive lifestyle interventions in simi-
lar populations [28, 40—42], and many ongoing studies
assessing digital brain health interventions [43]. The two
study groups will be compared to assess differences in the
trial outcomes, as applicable.

Ethical and safety aspects
Trial was approved by local ethical committees in all four
countries. All participants provided a written informed
consent prior to enrollment. Separate consents were
obtained for screening and the full trial; an additional
consent will be obtained for the sub-study. A verbal
informed consent was allowed for remote screening. Par-
ticipants’ study partners/informants provided their own
consent (involving a partner e.g., family member is rec-
ommended but not mandatory).

The multimodal lifestyle intervention is not expected to
cause harm or involve major health risks [6]. No interim
safety analysis is therefore planned. Information about
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adverse events is collected at the study visits and with a
brief digital questionnaire every three months. All par-
ticipants are informed about the results of their routine
health examinations, blood tests, and any other relevant
findings concerning their health. If needed, participants
are either referred to medical care or advised to contact
their regular health care provider. Participants are cov-
ered by local insurance.

Data protection and privacy

All study documentation collected at the sites is stored
securely in local premises, labeled with a unique partici-
pant ID, and kept apart from identifying information. All
data collected via the LETHE App, CTMS (including elec-
tronic case report forms), smartwatch, and phone sensors
are stored on a secure cloud-based server with restricted
access (hosted by EGI Foundation in the Netherlands). In
addition to the participant ID, participants have unique
dummy Google accounts to login the LETHE App and the
other web applications used in the RCT (e.g., cognitive
training program). Dummy accounts enable the linkage
of data from different sources on the server. After the end
of the LETHE project, data are transferred to the study
sites and stored locally. Third parties e.g., Fitbit, collect
and process certain data for their own purposes via their
products (e.g., usage of smartwatch and related app); this
is explained to the participants in the informed consent
form. Third parties do not have access to the trial data.

Public involvement

An Advisory Board (AB) including members of the pub-
lic with an interest in or affected by cognitive impairment
was set up at the beginning of the project (work led by
Alzheimer Europe in collaboration with other partners).
The AB consists of seven members from Austria, Finland,
Italy, and Sweden. The AB has provided feedback on the
trial design and intervention concept, participant mate-
rials, digital devices, and issues concerning recruitment,
ethical aspects, and data protection. The AB contribu-
tion is described in detail elsewhere (Rosenberg et al,, in
preparation).

Study progress and first results

Recruitment started in September 2022 in Austria,
November 2022 in Finland, and January 2023 in Sweden
and Italy. In total, 625 individuals were pre-screened for a
preliminary check of selected enrolment criteria, and 314
(50.24%) underwent the full screening to assess eligibility
(Fig. 3). Most common reason for ineligibility was having
cognitive performance above the inclusion criteria. Base-
line assessment was conducted for 159 individuals (50.5%
of screened individuals), and 156 were randomized. First
participant was randomized in February 2023, and last
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A
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Fig. 3 Study participant flow diagram (data until the first post-baseline study visit at month 6)

one in June 2023. Trial is ongoing and will be completed
by summer 2025. Retention until the first post-baseline
visit at 6 months is high (n=2 discontinued, retention
98.7%; Fig. 3).

Selected participant characteristics are shown in
Table 5. Recruitment is balanced across the sites. At
baseline, participants were on average 68.8 (SD 4.5) years

old, had 14.9 (SD 3.1) years of education, and 64.7% were
women. Cognitive and functional capacity were well pre-
served: the median MMSE score was 28 (IQR 27-29),
CDR-SB 0 (IQR 0-0.5), and IADL 8 (IQR 8-8). The
median CAIDE score was 8 (IQR 7-9). Vascular/lifestyle
risk factors were common: 64.7% had a diagnosed hyper-
tension (elevated systolic and diastolic BP were measured
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Table 5 Selected baseline characteristics of randomized participants
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All Intervention Control P-value
N=156 N=78 N=78
Study site
Austria 40 (25.6%) 20 (25.6%) 20 (25.6%)
Finland 40 (25.6%) 20 (25.6%) 20 (25.6%)
Italy 40 (25.6%) 20 (25.6%) 20 (25.6%)
Sweden 36 (23.1%) 18 (23.1%) 18 (23.1%)
Demographics
Age, years 68.8 (4.5), 68.6 (4.5), 69.0 (4.5), range 60-77 0.66
range 60-77 range 60-77
Sex, women 101 (64.7%) 44 (56.4%) 57 (73.1%) 0.03
Education, years 149 (3.1) 14.8 (3.0) 15.0(3.2) 061
Cognition, functional performance, dementia risk
MMSE 28 [27-29] 28 [27-29] 28 [28-29] 0.98
CDR-SB 0[0-0.5] 0[0-0.5] 0[0-0.5] 034
IADL 8[8-8] 8[8-8] 8 [8-8] 0.68
CAIDE score 8[7-9] 8[7-9] 9[7-10] 0.29
Self-reported concern over own cognition 65 (41.7%) 29 (37.2%) 36 (46.2%) 0.26
Vascular/metabolic factors
SBP, mmHg 137.8(17.5) 140.0 (18.1) 1356 (16.7) 0.12
SBP > 140 mmHg 61 (39.1%) 37 (47 4%) 24 (30.8%) 0.03
DBP, mmHg 81.9(94) 82.2(9.1) 81.6(9.7) 0.71
DBP >90 mmHg 25 (16.0%) 12 (15.4%) 13 (16.7%) 0.83
BMI, kg/m2 27.7 (4.7) 27.6 (44) 27.7 (4.9) 0.86
BMI > 25 kg/m2 110 (70.5%) 55 (70.5%) 55 (70.5%) 1.00
Total cholesterol, mmol/I 53(1.2) 53(1.2) 53(1.3) 0.77
LDL, mmol/I 3.1 (1) 3.0(1.0) 31(1.2) 0.80
HDL, mmol/I 1.7 (0.4) 1.6 (0.4) 1.7 (0.4) 0.51
Fasting glucose, mmol/I 5.7(0.8) 58(0.9) 5.7(0.8) 0.50
Physical activity less frequently than twice/week 61 (39.1%) 29 (37.2%) 32 (41.0%) 0.62
Cardiovascular and metabolic diseases
Hypertension 101 (64.7%) 52 (66.7%) 49 (62.8%) 0.62
Hypercholesterolemia 108 (69.2%) 51 (65.4%) 57 (73.1%) 030
Diabetes (type 1 or 2) 21 (13.5%) 13(16.7%) 8(10.3%) 0.24

Data are shown as N (%) for categorical variables, and as mean (standard deviation) or median [interquartile range] for continuous variables. CDR-SB is missing for
N=8 and fasting glucose for N= 1. Group comparisons were conducted using the chi-square test, Student’s t-test, and Mann-Whitney U test

Abbreviations: BMI body mass index, CAIDE Cardiovascular Risk Factors, Aging and Dementia, CDR-SB Clinical Dementia Rating Sum of Boxes, DBP diastolic blood
pressure, HDL high-density lipoprotein, JADL Instrumental Activities of Daily Living, LDL low-density lipoprotein, MMSE Mini-Mental State Examination, SBP systolic

blood pressure

in 39.1% and 16.0% of the participants, respectively),
70.5% were overweight, 69.2% had hypercholesterolemia,
13.5% had diabetes, and 39.1% were physically inac-
tive. Participant characteristics did not differ between
the groups, apart from sex (more women in the control
than in the intervention group, 73.1% vs. 56.4%, p =0.03)
and elevated systolic BP (more often in the interven-
tion group than in the control group, 47.4% vs. 30.8%,
p=0.03). Participants’ smartphone and Internet usage
prior to the trial is shown in Table 6. The majority used
their phone frequently throughout the day (84% used it

at least 6 times per day), and the most common purposes
were messaging/chatting (96%) and phone calls (93%).
Two-thirds of the participants had prior experience with
using their smartphone to track health; approximately
48% had used lifestyle-related apps.

First results of the app usage during the first 6 months
indicate that among the participants in the intervention
group using the full LETHE App, mean of 50.5% (SD
7.5) used it daily. In the control group, 27.5% (SD 6.7)
used their simplified version of the app daily (p<0.001
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Table 6 Participants'smartphone and Internet usage at baseline
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Question

N (% of respondents)

1. How often do you use your smartphone during the day?
>10times
6-10 times
2-5times
<2times
| cannot say
2. For which purposes do you use your smartphone? Multiple answers possible
Instant messaging/chatting e.g., WhatsApp
Phone calls
Taking photos/videos or looking at photos/watching videos
Entertainment, e.g., playing games or social media e.g., Facebook)
Organization (e.g., taking notes or using the calendar)
Other
. Have you already used your phone for tracking health? Multiple answers possible

w

Yes: I've used not health-related functions of my phone (e.g., setting reminders for medication intake, entering doctor
appointments in the calendar)

Yes: I've used apps supporting a healthy lifestyle (e.g., fitness or diet apps)
Yes: I've used apps designed to help in the management of chronic diseases (e.g,, a digital blood pressure diary)
Yes: other
No
4. How often do you use/access the Internet?
Several times a day every day
Once a day
2-6 times per week
Once a week or less frequently
5. Which device do you regularly use to access the Internet? Multiple answers possible
Smartphone
Computer/Laptop
Tablet
Other (including Smart TV or smartwatch)

o

For which purposes do you usually access the Internet? Multiple answers possible
Finding information

Sending emails

Reading news

Paying bills/online banking

eHealth (e.g., booking doctor appointments, checking test results)

Social networks (e.g., Facebook, Twitter, Instagram)

Bookings (e.g., holidays, transportation, theatre/concert tickets, restaurant)
Online shopping

Watching movies, TV, videos, listening to music

Playing games

Other

94 (60.3%)
37 (23.7%)
18 (11.5%)
0 (0.0%)
7 (4.5%)

149 (95.5%)
145 (92.9%)
123 (78.8%)
111 (71.2%)
93 (59.6%)
19 (12.2%)

61 (39.6%)

74 (48.1%)
13 (8.4%)
1(0.6%)
51(33.1%)

147 (94.8%)
5(3.2%)
3(1.9%)
0 (0.0%)

152 (97.4%)
114 (73.1%)
62 (39.7%)
42 (26.9%)

148 (95.5%
137 (88.4%
131 (84.5%
124 (80.0%
97 (62.6%)
87 (56.1%)
84 (54.2%)
81(52.3%)
51( )
37 )

)
)
)
)

32.9%
23.9%
2(1.3%)

Data available for all participants (N=156), except for Q3 (N=154), Q4 (N=155), and Q6 (N=155)

for the difference between intervention and control (p<0.001). A digital cognitive testing was conducted
groups). The median duration of a single session of app 1 month after baseline visit, and altogether 153 partici-
usage was 42.1 s (IQR 15.6-115.0) in the intervention  pants out of 155 participants still in the trial completed

group and 30.9 s (IQR 11.7-94.7) in the control group the test.
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Discussion

The multinational LETHE RCT tests the feasibility of a
digitally supported FINGER-based multimodal lifestyle
intervention to promote brain health and reduce the
risk of cognitive decline among at-risk older adults. The
benefits of FINGER have been demonstrated in terms
of cognition [6], dementia risk reduction [8, 9], daily
functioning [44], quality of life [45], and several other
outcomes [7, 46]. Complementing FINGER with digital
elements can streamline the intervention delivery, sup-
port risk factor self-management, and enable the collec-
tion of novel digital biomarkers [16, 17]. Combined with
other comprehensive data collected in this RCT (cogni-
tive, clinical, lifestyle, and AD/dementia blood and imag-
ing biomarkers), digital markers could help capture early
disease-driven changes not detectable by standard meth-
ods, and identify the most relevant and actionable risk
factors for different individuals (in line with the precision
prevention concept [47]).

The adoption of digital tools and services among
older adults is increasing, and the COVID-19 pandemic
accelerated this change [48]. In the context of chronic
disease prevention, digital/remote interventions are
attractive as they could offer a cost-effective solution
for risk factor self-management, with minimal burden
to health care systems. In recent years, online/digital
programs for cardiovascular risk improvement [49] and
type 2 diabetes prevention [50] have been followed by
brain health programs aimed at ameliorating risk fac-
tors relevant for dementia [51, 52]. Such programs
have potential to induce benefits, yet evidence remains
inconclusive due to the heterogeneity of the studies and
interventions, and scarcity of controlled trial designs
and longer-term (>1 year) follow-ups [51, 52]. The
available programs (especially apps) have often also not
been rigorously assessed in high-quality studies, nor
are they designed specifically for older adults with their
needs and preferences in mind [43]. LETHE addresses
these gaps by investigating an exceptionally long (two-
year), digitally supported multimodal lifestyle inter-
vention (aligned with original FINGER), both in terms
of feasibility and impact on dementia risk. Feasibility
assessment includes also qualitative evaluation of par-
ticipant experiences, which is essential to identify the
key elements of scalable digital solutions with optimal
acceptance in the older population.

The LETHE intervention follows an innovative hybrid
model, i.e., the individual and group-based activities
(face-to-face and remote) are combined with inde-
pendent digital activities. Another key element in this
model are the digital coaches who have a crucial role in
onboarding participants and providing technical assis-
tance throughout the study, also in person. The in-person
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contact helps deliver the intervention with sufficient
intensity and progression, support engagement with the
technology, establish a trustworthy relationship with
professionals, and strengthen social interaction among
participants. Real-life human support, both peer and
professional, is known to be important for older adults’
motivation and engagement in lifestyle and brain health
interventions [13, 32, 53, 54]. Active engagement is cru-
cial because it correlates closely with beneficial interven-
tion effects on cognition and vascular risk profile [12,
15]. To our knowledge, the other ongoing or recently
completed online/mHealth-based dementia risk reduc-
tion interventions are fully digital/remote even if cer-
tain coaching elements may be included [55-60], and
they have faced challenges with recruitment, adherence,
and retention. For instance, in the three-year Australian
Maintain Your Brain RCT where an online multimodal
intervention yielded cognitive benefits [56, 61], only
about 6% of all invited older adults were enrolled (those
with more risk factors and hence better risk reduction
potential were less likely to participate) [62], and drop-
out rate was high already after the first year [63]. A simi-
lar low recruitment rate was observed in the 18-month
Healthy Aging Through Internet Counselling in the
Elderly RCT where the first steps were taken to build
an online lifestyle and vascular risk factor management
platform for European older adults [60, 64]. These find-
ings together with our first results from LETHE (high
retention until six months, positive participant feedback,
relatively high proportion of participants using app daily)
support the concept of a hybrid multimodal intervention.

In line with FINGER, LETHE targets older adults at
risk of dementia but without substantial cognitive impair-
ment. The baseline data indicate that the desired target
group with risk reduction potential was indeed success-
fully recruited (e.g., large proportion of participants with
several modifiable risk factors). Our primary recruit-
ment strategy (social media) is a fairly new approach in
this target group, and it was chosen to reach persons in
the right geographical area and age range, and with digital
skills and interest. This strategy was efficient: e.g.,>1000
persons left their contact details within a few days in Fin-
land and Sweden, respectively. Participants in LETHE are
slightly younger than e.g., in FINGER, and predominantly
female, which is common in online dementia prevention
RCTs [52, 62]. The population is also highly educated,
again in line with previous studies [62], and participants
were regular users of smart devices and Internet prior to
enrolment as expected based on the inclusion criteria. As
a pilot study, LETHE will provide important information
on how to develop the digital FINGER intervention con-
cept; however, efforts must be made in the future to also
reach and understand the needs of older adults with lower
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socioeconomic status and those less familiar with technol-
ogy. Ongoing studies such as e.g., PRODEMOS [55] can
be informative in this regard. Another key consideration
is geographical and cultural context. A strength of LETHE
is the involvement of European countries with varying
digital readiness (e.g., Internet used regularly in 2022 by
54% of older adults in Italy, 64% in Austria, and>80% in
Finland and Sweden [18]). LETHE will thus also inform
the wider research community and the World-Wide FIN-
GERS network, where researchers from more than 60
countries are currently testing and adapting the FINGER
model in diverse settings [65].

Conclusions

The two-year LETHE pilot feasibility RCT combines
in an innovative way the FINGER multimodal lifestyle
intervention concept with technology, allowing a more
personalized approach. LETHE explores a range of digi-
tal solutions (smartphone, mobile app, smartwatch, and
novel interactive technology), which will provide much
needed information on how older adults perceive the
user-friendliness of technology and its meaningfulness in
the context of brain health and dementia risk reduction.
The hybrid intervention design combining in-person ses-
sions and independent digital activities will inform future
studies about the optimal frequency and balance between
digital components and human support. The compre-
hensive data collection (also including AD/dementia
biomarkers and passive digital biomarkers) is unique for
digital RCTs in this target population and can give rise
to new hypotheses of the mechanisms and early changes
preceding cognitive decline.
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