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Abstract

At least 40% of all dementia has been linked to modifiable
risk factors suggesting a clear potential for preventative
approaches targeting these factors. Despite the recent promising
findings from anti-amyloid monoclonal antibodies, a limited
proportion of patients are expected to be eligible for these
novel AD treatments. Given the heterogeneous nature of AD
and the complex multi-level pathological processes leading
to dementia (involving, e.g., shared risk factors, interaction
of different pathology mechanisms, and their putative
synergistic effects on cognition), targeting a single pathology
may not be sufficient to halt or significantly impact disease
progression. With exponentially increasing numbers of patients
world-wide, in parallel to the unprecedented population
ageing, new multimodal therapy approaches targeting
several modifiable risk factors and disease mechanisms
simultaneously are urgently required. Developing the next
generation of combination therapies with lifestyle intervention
and pharmacological treatments, implementing the right
interventions for the right people at the right time, and defining
accessible and sustainable strategies worldwide are crucial.
Here, we summarize the state-of-the-art multimodal lifestyle-
based approaches, especially findings and lessons learned from
the FINGER trial, for prevention and risk reduction of cognitive
impairment and dementia. We also discuss some emerging
underlying biological mechanisms and the current development
of precision prevention approaches. We present an example of
a novel trial design combining healthy lifestyle changes with
a repurposed putative disease-modifying drug and place this
study in the context of the World-Wide FINGERS, the first
interdisciplinary network of multimodal trials dedicated to
the prevention and risk reduction of cognitive impairment and
dementia.
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Prevention potential of dementia and
Alzheimer’s disease

reventing dementia and Alzheimer’s disease

(AD) is a global priority. The long period of

progressive accumulation of brain pathology
during the asymptomatic stages to the onset of cognitive
decline and dementia (1) creates a window of opportunity
for both early detection and prevention. AD and related
dementias (ADRDs) are complex and multifactorial,
resulting from interactions between non-modifiable
(e.g., age, sex, genetics) and modifiable risk factors (e.g.,
lifestyle, vascular, metabolic). According to the latest
estimates, at least 40% of all dementia is attributable to
modifiable lifestyle and environmental factors (2) and
could, thus, be prevented or delayed (Figure 1). This
prevention potential can be even higher in low-middle
income countries (LMICs) where dementia burden is
increasing very rapidly (3).

Given the multifactorial etiology of ADRD, a
multimodal approach simultaneously targeting several
risk factors and mechanisms may be needed for
an optimal preventive effect. At the same time, such
interventions need to adopt the “one size does not fit all’
paradigm and be adaptable to different populations and
individuals across the globe (4). Furthermore, increasing
our understanding of the biological mechanisms of
multimodal interventions, of their optimal time windows,
and target populations is crucial for precision prevention
of ADRD.

Recent successes in trials of three Af-targeted
monoclonal antibodies (donanemab, lecanemab, and
aducanemab) suggest that the first disease modifying
therapies (DMTs) may soon be available, at least in
the early symptomatic disease stages (5). However,
due to the complex nature of ADRD, targeting a single
proteinopathy may not be sufficient to prevent dementia
(6). It is well established that only 10-30% of late onset
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Figure 1. Risk and Protective Factors of Dementia
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AD cases have pure AD pathology, with vascular
pathology as most common comorbidity (7). Various AD
profiles and subtypes have been identified (8) and recent
advances in biomarkers (fluid biomarkers, neuroimaging)
facilitate moving towards precision prevention and
targeting the interventions for various at-risk and
pathological profiles (9). Results from a real-world
memory clinic setting at Karolinska University Hospital
(Sweden) suggest that, depending on the applied cut-
offs for amyloid positivity, only 13-27% of patients with
Mild Cognitive Impairment (MCI) and 17-28% of patients
with early dementia would be eligible for anti-amyloid
treatments (10). Additional DMT interventions targeting
other mechanisms and multimodal preventive therapies
combining pharmacological and non-pharmacological
approaches are currently progressing.

Clinical trial evidence

Until recently, translating the epidemiological and
experimental evidence of risk factors and therapeutic
targets to successful clinical trials has been challenging,
in the AD field. Important lessons have been learned
from recent randomized controlled trials (RCTs), in terms
of study designs, target populations, interventions, and
outcome measures. On the other hand, single-domain
lifestyle interventions, e.g., focusing on diet, have mainly
yielded negative or modest effects, further highlighting
the importance of multimodal interventions. One recent
example is the MIND-Diet trial testing the MIND-
Diet compared to control among ‘at-risk’ population
(family history of dementia, Body Mass Index (BMI)
>25, and a suboptimal diet, n=1929). Both groups
improved in global cognition, but there were no
significant differences in cognition or brain structure
(Magnetic Resonance Imaging, MRI) measures after 3
years (11, 12). Encouraging results have been reported
from interventions based on physical activity, such as

the Exercise in Adults With Mild Memory Problems
(EXERT) RCT (13). In this study, sedentary older
adults (age 65-89 years) with mild memory problems,
experienced a stability in cognition after 12 months of
moderate intensity aerobic exercise, or stretching and
balance training, suggesting that regular physical activity
can be beneficial in sedentary people, independently
of its intensity (13, 14). Another large, single-domain
clinical trial, the SPRINT-MIND study, included older
individuals with increased risk for cardiovascular
disease, and reported a reduced occurrence of cognitive
decline, defined as MCI or combined MCI plus dementia,
through a stricter control of systolic blood pressure (blood
pressure goal less than 120 mmHg) compared to standard
treatment (blood pressure goal less than 140 mmHg) (15).

On the front of multimodal studies, the Finnish
Geriatric Intervention Study to Prevent Cognitive
Impairment and Disability (FINGER) was the first
larger (n=1260) multimodal lifestyle-based RCT to
show significant benefits on cognition in at-risk older
individuals from general population (16). The FINGER
trial combined five different intervention domains:
1) healthy balanced nutrition, 2) physical exercise, 3)
cognitive training, 4) social activities, and 5) vascular/
metabolic risk management, compared to the control arm
receiving regular health advice. The beneficial effects of
the 2-year trial were seen on global cognition (primary
outcome; 25% greater improvement in the multimodal
intervention, compared to the control group), as well as
for various cognitive sub-domains; executive function,
processing speed, and complex memory. The control
group had 30% increased risk for cognitive decline after 2
years. Of note, participants carrying the APOE4 risk allele
had marked beneficial effects from the intervention (17),
pointing to potential environmental-genetic interactions
which can be leveraged on to optimize dementia risk
reduction.
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Figure 2. Benefits of the FINGER model
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Long-term adherence and sustained pattern of lifestyle
modification is one critical factor that may impact the
effect of the intervention. In the FINGER trial, active
participation was associated with better cognition,
and a dose-response was reported indicating that
those individuals attending at least 50% of the various
intervention domains got significant benefits on cognition
(18). Thus, supporting long-term adherence is important
in future interventions and implementation.

The FINGER 2-year intervention also had several
longer-term beneficial effects beyond cognition (Figure
2). The risk of functional decline, i.e., development
of disability and other chronic diseases, especially
multimorbidity (60% lower risk) were reduced (19-21).
The risk of cardiovascular events was reduced by 20%
after extended follow-up (22). The FINGER intervention
was also found to be cost-effective, with potentially
substantial societal benefits (23). Follow-up studies of the
FINGER participants after five, seven, and eleven years
have been completed and will provide further valuable
insights concerning long-term effects and underlying
mechanisms of the multimodal intervention.

Overall, the design of dementia prevention/risk
reduction RCTs has evolved considerably in the last two
decades, from single-domain and -component studies
towards more integrated multimodal approaches that
are more in line with the heterogeneous and complex
nature of ADRDs (4). Indeed, a new generation of
multimodal RCTs targeting simultaneously multiple risk
factors with multicomponent interventions have recently
emerged with trials such as the Multidomain Alzheimer
Preventive Trial (MAPT) and the Prevention of Dementia
by Intensive Vascular care (preDIVA) and other smaller-
size studies (4). Although both these trials reported
no intervention effect on their primary outcomes,
positive results were found in sub-group analyses. For

example, beneficial intervention effects were reported
in preDIVA participants with elevated and untreated
blood pressure at baseline who initiated antihypertensive
treatment as part of the intervention (24), and in MAPT
participants with an increased risk of dementia such as
high Cardiovascular Risk Factors, Aging and Dementia
(CAIDE) Risk Score (of 6 or more), or having evidence of
abnormal brain amyloid load (25).

Based on the review of the evidence of the first World
Health Organization (WHO) Guidelines for Dementia
Risk Reduction (4), the main lessons learned so far
indicate that effective interventions should: a. target
at-risk individuals who are most likely to benefit from
the intervention (e.g. defined with high CAIDE or other
validated risk score, presence of amyloid, genetic, or
modifiable risk factors; the recently emerging blood-
based biomarkers, showing high sensitivity and
specificity for the AD biological signature of increased
brain load of Amyloid and Tau along with evidence of
Neurodegeneration (AT[N]) could guide both selection
of target populations and matching them with suitable
interventions); b. start early enough, preferably before
substantial brain pathology; and c. be intensive enough
and include sufficient guidance and follow-up (do the
right things and do enough of them).

Emerging biological mechanisms underlying
multimodal interventions

There is an increasing interest in exploring the
biological mechanisms underlying multimodal
interventions and related cognitive gains. Deeper
understanding of these mechanisms can help to further
tailor the interventions for various risk profiles and
reveal novel targets for interventions (pharmacological
and lifestyle). Knowledge about the precise biological
mechanisms is still limited, largely because evidence
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from RCTs is new and still emerging, and novel
biomarkers reflecting the key pathological features (e.g.,
AD blood-based biomarkers) have only recently become
more widely available for use in large-scale prevention
trials. The evidence so far suggests that multimodal
interventions may exert their effects on cognition
through different mechanisms, and the hypothesis is that
there may be also mechanistic synergies. Mechanisms
such as vascular-related pathways, synaptic plasticity,
inflammatory-immune mediated responses, glucose/
lipid homeostasis, insulin signaling and bioenergetic
metabolism, mechanisms related to brain biological
ageing (such as senescence cells, altered DNA damage/
repair, loss of neurotrophic factors, and oxidative
stress, among others) warrant further research. It is also
likely that the multimodal interventions or some of
their domains increase cognitive reserve and resilience
to brain pathologies, mitigating the impacts of age- or
disease-related brain changes on cognition (26). Recent
observational studies suggest that lifestyle factors may
indeed protect against cognitive decline by increasing
resilience to a higher burden of AD pathology (27, 28), but
evidence from RCTs is still limited.

Genetic-lifestyle interactions may also play an
important role. For instance, APOE4 carriers have been
reported to be more vulnerable to unhealthy lifestyle and
other risk factors. On the other hand, epidemiological
studies have indicated that protective factors e.g.,
education, occupational complexity, physical activity,
unsaturated fatty acids, and non-smoking can reduce the
risk of dementia among APOE4 carriers to the level of
non-carriers (29-31). Indeed, the FINGER trial showed
evidence of a clear beneficial effect in APOE4 carriers,
suggesting that persons with genetical vulnerability may
be an important target group for the interventions (17).
Similar results have also been reported in some other
multimodal interventions (32) and will be further studied
within World-Wide FINGERS and other initiatives. Other
life-course exposures may also have an effect on the
individual prevention potential. For instance, previous
engagement in mentally stimulating occupations have
been recently linked to an increased beneficial response to
the FINGER intervention (33).

Vascular factors and mechanisms have been linked
to cognition and dementia in several epidemiological,
clinical, and experimental studies. Evidence from
the FINGER trial also points to the importance of
vascular pathways and showed that the incidence of
cardiovascular events was significantly reduced during
the post-trial extended follow-up (20% risk reduction)
(22). When stratified by pre-existing cardiovascular
disease (CVD) history, the risk reduction was even higher,
up to 50%, highlighting the importance of secondary
prevention (22). The intervention also seems to affect
white matter microstructure, and further studies within
FINGER and World-Wide FINGERS network are ongoing
to further clarify the impact on various vascular lesions,
which commonly increases with aging (34). Additionally,

there is a need to further develop and validate blood-
based biomarkers reflecting the vascular changes that
may be relevant for cognition.

The brain is highly rich in lipids, key energy supplier
and main component of cell membranes maintaining
lipid homeostasis, both fundamental for optimal brain
function. The therapeutic potential of modifying lipids
in neurodegenerative disease was highlighted in the
3-year LipiDiDiet RCT, where patients with prodromal
AD receiving the medical food Fortasyn Connect
(Souvenaid™; specific omega-3 based multi-nutrient
combination) versus placebo had significant benefits
on the rate of cognitive- functional decline and brain
volumes (35). In the FINGER RCT, reducing the blood-
brain-permeable oxysterol 27-hydroxycholesterol (27-OH)
was associated with more cognitive gains (36), suggesting
a role for cholesterol metabolism in lifestyle modification
on brain function.

Neurotrophins (e.g., brain-derived neurotrophic factor
(BDNF)) are crucial mediators of neuroplasticity and
memory formation (37) and thus interesting candidates to
study in relation to cognitive gains. In the SoUth Korean
study to PrEvent cognitive impaiRment and protect
BRAIN health through lifestyle intervention in at-risk
elderly people (SUPERBRAIN), the multimodal lifestyle
intervention significantly increased serum BDNF levels
(38, 39) whereas other trials, such as the Movimente trial
did not detect any BDNF changes (40). Further, levels of
proBDNE, the precursor form of BDNE, was shown to be
associated with memory gains in the FINGER RCT (41),
implying that lifestyle modification may be more efficient
in genetically or environmentally predisposed individuals
where proBDNF could be one factor. Identifying such
markers of high-responders will be important tools for
future precision prevention. As an important aspect in
the biology of aging, telomere length was studied in
the FINGER RCT where it was shown that the lifestyle
intervention facilitated leucocyte telomere length
maintenance, especially amongst APOE4 carriers (42).
Given that age is the main risk factor for dementia and
many of the mechanisms discussed above are age-related,
further studies investigating the biology of aging, with
respect to dementia risk are warranted and could also
provide novel targets for intervention strategies.

Evidence linking lifestyle changes directly to
AD imaging or the new AD blood-based biomarkers
is currently limited and no data from larger RCTs are
available. In relation to clinical AD biomarkers, studies
of monozygotic twins have shown that the level of
tau pathology may be modifiable by lifestyle factors
(43, 44). Ongoing and planned studies in the FINGER
RCT include new AD blood biomarkers (several ptau
species, AB42, AB40, NfL and GFAP), as well as -omics
where an exceptionally long follow-up time of 11 years
will be included in some of the analyses. Furthermore,
the FINGER model is currently applied in various
mice models, where multimodal intervention brain
mechanisms of action will be studied in detail (45).
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Figure 3. Diagram of the MET-FINGER trial
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From FINGER to FINGER 2.0: The first
lifestyle + pharmacological combination
therapies

Approaches combining multimodal lifestyle
intervention with disease-modifying drugs (novel
or repurposed) could provide effective strategies for
precision prevention or treatment of ADRDs (46). The
value of such combination therapies of multimodal
lifestyle interventions and pharmacological treatments
has been demonstrated in at-risk individuals for the
prevention of other conditions, such as CVD (47) and
type-2 diabetes (T2D) (48, 49), which share several
modifiable risk factors (2) and potential underlying
mechanisms with ADRD (50).

The “Multimodal METformin and FINGER lifestyle
intervention to prevent cognitive impairment and
disability in older adults at risk for dementia: a phase
IIb multi-national randomized, controlled trial” (MET-
FINGER) study (ClinicalTrials.gov, NCT05109169) aims
to test a FINGER 2.0 multimodal intervention, combining
a Structured Multimodal Lifestyle Intervention (SMLI,
based on the original FINGER model) with metformin
(where appropriate) in an APOE ¢4-enriched population
of older adults at-risk for dementia, compared to a Self-
Guided Multimodal Intervention (general health advice).

The study’s main objectives are to test the effect
of the FINGER 2.0 intervention versus a Self-Guided
Multimodal Intervention on change in global cognition
(primary objective) and in individual cognitive domains,
functional status, and lifestyle, vascular, metabolic, and
other dementia-related risk factors (secondary objectives).
Exploratory objectives will investigate, within the SMLI-
metformin combination groups (i) potential interactions
between metformin and lifestyle changes; (ii) potential
disease-modifying effects of the lifestyle-metformin
combination; and (iii) feasibility of the metformin +
lifestyle combination; in the context of prevention of
cognitive impairment.

Metformin, the recommended first-line treatment
in adults with type-2 diabetes (T2D), was selected as
a promising candidate for a disease-modifying drug
repurposing, and lifestyle intervention-pharmacological
treatment combination to prevent or delay cognitive
impairment. The rationale for this choice was firstly based
on the well-established link between T2D and AD (51-53).
In particular, unhealthy lifestyle habits, T2D, insulin
resistance, and increased adiposity (overweight/obesity)
have been consistently linked to the risk of dementia/
AD through several mechanisms which could be targeted
by metformin (51-54). Recently, a large (n=210,000+)
cohort study also reported that, in patients with T2D,
metformin treatment was significantly associated with
lower dementia risk compared with no treatment (55)
Additionally, metformin has shown potential neuro-
protective effects (e.g., vascular, metabolic, anti-
senescence via genetic modulation) (56-59). Increasing
evidence also supports a potential role of metformin in
counteracting biological mechanisms of aging, which
may also play an important role in neurodegenerative
disorders (56). This suggests that pharmacologic
strategies for decreasing insulin resistance and
preventing T2D may also help reduce the risk of cognitive
impairment.

MET-FINGER is a 2-year randomized, controlled,
parallel-group, multicenter phase-IIb proof-of-
concept clinical trial (Figure 3). Participants will be
first randomized 1:1 to the FINGER 2.0 intervention
(SMLI for all participants + metformin if eligible) or
the Self-Guided Multimodal Intervention (evidence-
based generic health advice). Participants allocated to
the FINGER 2.0 intervention, and eligible for metformin
treatment, will be randomized 1:1:1 to receive metformin
2000mg/day, metformin 1000mg/day, or placebo,
together with the SMLI. Eligibility to metformin is
based on presence of indicators of increased risk for
T2D, due to elevated adiposity or mildly impaired
fasting glucose, in the absence of T2D diagnosis or
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Figure 4. The potential of future multimodal precision prevention interventions for dementia
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intolerance / contraindications to metformin. Participants
allocated to the FINGER 2.0 intervention but not eligible
for metformin treatment will receive the SMLI alone.
The metformin/placebo allocation and treatment will
be double-blinded. 600 participants will be included
across three sites (in the UK, Finland, and Sweden) with
the aim to recruit an APOE4 e4-enriched population
(= 50%) (Figure 3). Metformin will be administered as
Glucophage®XR 500 (“SR” in the UK), in form of 500mg
oral tablets, manufactured in bulk by Merck KGaA
(Darmstadt, Germany).

MET-FINGER will test, for the first time, a combination
therapy of a multimodal lifestyle intervention with a
repurposed putative disease-modifying drug. This trial
bridges the gap between pharmacological and non-
pharmacological interventions for dementia prevention
and proposes a new precision prevention approach which
addresses multiple risk factors and disease mechanisms
simultaneously, while accounting that their contributions
to the overall dementia risk may have a different weight
in different people. The study includes metformin/
placebo treatment in a trial-within-trial design, and may,
thus, provide exploratory rather than efficacy data on the
added benefits of metformin compared with multimodal

lifestyle intervention alone. However, its findings will
inform the design of future phase III precision prevention
trials, including selection criteria, metformin dose for
combination with lifestyle intervention; and overall trial
design, including target at-risk population and evidence-
based estimates for power calculations, e.g. 3- or 4-arm
design (60).

This lifestyle intervention-pharmacological treatment
combination will include adjustments tailored to each
person, and metformin will be given only to people
who are most likely to benefit from it, in a pragmatic
approach close to a real-life scenario where disease-
modifying drugs can achieve optimal effects only in
specific at-risk individuals. Findings from this trial may
provide invaluable evidence for novel lines of dementia
prevention strategies based on implementing the most
effective solution, targeted to individuals who may
benefit most, at the most appropriate time. In the future,
this approach, potentially as part of RCTs adopting
the adaptive trial design model, may be employed in
novel lifestyle intervention-pharmacological treatment
combinations (Figure 4) including those where newly
developed AD drugs could be tested.
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Figure 5. Map of the World-Wide FINGERS Network Member Countries (as of 14th of July 2023)
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From FINGER to WW-FINGERS: the value of
harmonized big data

The World-Wide FINGERS (WW-FINGERS) Network
was established with the primary objective of sharing
knowledge and experiences, as well as harmonizing trials
methodologies investigating the effect of multimodal
dementia prevention/risk reduction interventions in
different populations, with the aim of generating robust
evidence globally to advance the implementation of
dementia prevention strategies. The network builds on
the experiences and expands the work of the original
FINGER trial, by adapting the FINGER model to reflect
cultural, regional, and economic needs of different
populations around the globe, and testing and future
developing it in different settings. Target populations
cover the whole spectrum from at-risk persons from
general population to prodromal AD in clinic settings
(pre-dementia stage).

Starting, in 2017, the Network has grown to include
61 different countries from across the globe, including
several LMICs (as of 22 Aug 2023 - Figure 5).

The FINGER methodology is the core to all
WW-FINGERS trials: a multimodal lifestyle-based
intervention aimed at mitigating various dementia risk
factors; intervention delivery through individual and
group sessions, aimed at optimizing the intervention at an
individual level, whilst also enhancing social stimulation
and peer support. Other key methodological pillars
include randomization in the trial design, and prospective
harmonization of cognitive and other outcomes to
allow for joint analysis across different cohorts (61).
Digitally enhanced interventions are also being tested

(e-FINGERS). The strength of the Network lies in the
fact that the more trials are included and harmonized
with each other, the greater its statistical power is. By
conducting joint analyses across multiple world-wide
cohorts, the Network will be able to generate more
robust and impactful results. Data sharing is supported
by using federated database models, e.g., through the
AD Workbench (https://www.alzheimersdata.org/
ad-workbench).

New members to the Network can join at any stage
of activity, from new researchers interested in the
FINGER model, to existing research groups interested
in harmonizing their trials to the FINGER methodology.
The WW-FINGERS Global Scientific Coordinating Center,
hosted at the FINGERS Brain Health Institute (FBHI,
https:/ /fbhi.se/), brings together experts on the FINGER
model from multiple institutions, to provide a range
of scientific support, from guidance on trial designs
and outcome measures, to support the preparation of
grant applications. The Network meets regularly to
share knowledge, both virtually and annually in-person.
International Working Groups (IWG) within the Network
are also focusing on harmonizing activities on a larger
scale, for example the Biomarkers and Biorepositories
IWG are investigating potential solutions for harmonizing
biomarker and bio-sample analysis and sharing platforms
across the Network.

With its adaptive framework applied in diverse
contexts, the Network is at the forefront of precision
prevention medicine, testing different combinations
of multimodal interventions to identify appropriately
and precisely tailored approach targeted to reduce
individual risk of cognitive decline, but with the potential
for large-scale dementia prevention effects in wider
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populations. Furthermore, the Network is leading the
next generation of trials, combining precision lifestyle
interventions with pharmacological treatments to further
investigate potential benefits in at-risk individuals. The
MIND-AD trial targeted patients with prodromal AD
with lifestyle and vascular risk factors and combined the
multimodal lifestyle- based intervention with medical
food Fortasyn Connect (Souvenaid™) in one arm to test
the feasibility and possible synergistic effects (62). In the
context of dementia prevention/pre-symptomatic risk
reduction, MET-FINGER is the first trial of this kind,
and is laying the foundation for future trials combining
multimodal interventions with either novel or repurposed
medications, whilst also testing adaptive platform
design methodologies. For instance, sodium-glucose
cotransporter-2 inhibitors (SGLT2i) are a newer class of
oral glucose-lowering medication with neuroprotective
properties which can be relevant to AD prevention
(63). Interestingly, repurposed agents represent 28% of
clinical trials in the current AD pipeline (64). Through
the WW-FINGERS Network, the so-defined FINGER 2.0
model will be expanded to create even more personalized,
and therefore effective, preventative treatments.

From research to implementation

Prevention is highlighted as the key element in
managing the dementia epidemic and it is imperative
to develop and implement large-scale global strategies
for prevention and risk reduction. The WHO Guidelines
on risk reduction of cognitive decline and dementia
(65) provide support for countries in designing public
health interventions and implementation activities. The
guidelines and the WHO Blueprint for dementia research
(66) highlights multimodal approaches targeting multiple
risk factors and tailored at individual and population
level. However, there are still significant evidence gaps
and need for new high-quality RCT evidence (when
feasible) to refine the evidence, studies from LMICs
and increased diversity and representativeness,
harmonization in trial design and data, and testing new
populations and combination therapies that target many
pathways involved.

While the absolute numbers of individuals living with
dementia are exponentially increasing, observational
population-based studies have indicated that the
age-specific incidence and prevalence of dementia is
decreasing in recent decades, at least in some high-
income countries (67). This suggests that dementia
prevention through lifestyle modification is not only
a future possibility but may already be under way,
possibly related to increased educational attainment and
better management of several modifiable risk factors,
including CVD and metabolic diseases, and more
active lifestyle in late-life. At the same time, opposite
trends have been observed in other countries and the
incidence of modifiable risk factors such as diabetes and

obesity seem to be increasing globally. Novel risk factors
are currently being investigated and may emerge as
important targets for risk reduction (many of them are
common and increasing, e.g., sleep disturbances, stress,
social isolation, impaired oral health, infections) (12).
Furthermore, the COVID-19 pandemic has negatively
influenced many of the modifiable risk factors (68). It is
important to adopt a life-course perspective, including
early life experiences and exposures. The importance of
risk factors may vary during the life course and among
population groups. Consistently with this, regional or
national estimates on risk factors prevalence are crucial
to inform the prioritization of public health efforts and
resource allocation. For instance, two European studies
recently replicated the Lancet Commission work for
estimates of dementia prevention (69, 70). In Germany,
it was reported that 38% of the cases of dementia could
potentially be prevented as associated with eleven
modifiable risk-factors, the main being hearing loss,
hypertension, depression, obesity, and smoking (69).
The Danish estimates reported that approximately
35% of national dementia cases were due to modifiable
risk factors, with physical inactivity, hearing loss,
hypertension, and obesity being the main contributors,
and, thus, more relevant for dementia prevention in
Denmark (70). Similarly, another study including LMICs
reported that five risk factors, including low education,
smoking, hypertension, obesity and diabetes, had a
higher population attributable fraction for dementia in
China, India, ad most of Latin America, compared to the
Lancet Commission global estimates, indicating a far
larger prevention potential in these regions (71).

It is also relevant to consider that multimodal
preventive interventions can be implemented on many
levels in societies. The concept Brain Health Services (in
addition to traditional memory clinics) has been recently
highlighted aiming to implement dementia and cognitive
decline prevention programs in an evidence-based way
(72). Implementation programs are also currently being
tested in primary care and municipality level in many
countries.

Finally, both individual and population-based
approaches are needed for effective and feasible dementia
risk reduction. Sustainable public health prevention
policies will indeed require synergy of individual-
based approaches focusing on at-risk people, such as
the FINGER model, and whole population-based
approaches, which promote healthy lifestyle in whole
populations by large-scale interventions, and require
contribution of several stakeholders, such as national
and local governments, industry, the education sector,
town planners, and workplaces (73). Examples of tangible
steps towards this can be found in the North of Europe,
as in Sweden the updated national strategy for dementia
has included prevention in the list of forthcoming
activities (74), while in Finland the public health authority
is leading a project on implementation which gathers
multiple stakeholders across the society (75).
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Conclusion

Evidence is increasing that longer-term multimodal
lifestyle changes are both feasible and effective strategies
for reducing an individual’s risk of cognitive decline.
Although the age-specific prevention potential for older
adults might not yet be fully clear, findings from FINGER
and other trials clearly show that it is never too late for
effective dementia risk reduction. However, to achieve
the greatest benefit, prevention strategies should be
further tailored, optimized and adapted for different
target populations and their associated settings. The
FINGER 2.0 model combines an updated, personalized
lifestyle intervention with a pharmacological treatment
and could become a blueprint for new combination
therapies and for the next generation of clinical trials
in the ADRD field. Increasing understanding of the
underpinning biological mechanisms will facilitate the
development towards precision prevention. Furthermore,
it is important to continue advancing the drug pipeline
to develop treatments targeting several mechanisms in
addition to amyloid, also including the biology of brain
ageing. Finally, a strong foundation of public and patient
involvement and global multi-stakeholder collaborations
are key factors to successful prevention trials and
implementation and to drive the message that ‘it’s never
too early or too late’ to make a change for better brain

health.
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