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Abstract

Preventing dementia and Alzheimer’s disease (AD) is a global priority. Multimodal interventions targeting several
risk factors and disease mechanisms simultaneously are currently being tested worldwide under the World-Wide
FINGERS (WW-FINGERS) network of clinical trials. Adherence to these interventions is crucial for their success, yet
there is significant heterogeneity in adherence reporting across studies, hindering the understanding of adherence
barriers and facilitators. This article is a narrative review of available evidence from multimodal dementia prevention
trials. A literature search was conducted using medical databases (MEDLINE via PubMed and SCOPUS) to select
relevant studies: nonpharmacological multimodal interventions (i.e., combining three or more intervention
domains), targeting individuals without dementia, and using changes in cognitive performance and/or incident
mild cognitive impairment or dementia as primary outcomes. Based on the findings, we propose future adherence
reporting to encompass both participation (average attendance to each intervention component) and lifestyle
change using dementia risk scores (e.g,, the LIBRA index). Moreover, we provide an estimation of the expected
intensity of multimodal interventions, defined as the ratio of the expected dose (i.e, the overall amount of the
intervention offered specified in the trial protocol) to duration (in months). Adjusting the expected dose by average
adherence enables estimation of the observed dose and intensity, which could be informative for identifying
optimal dosage thresholds that maximize cognitive benefits across different populations. Finally, this article
provides an overview of the determinants of adherence to multimodal interventions, emphasizing the need for
improved adherence reporting to inform the design and implementation of precision prevention interventions.
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Background

Alzheimer’s disease (AD), the most prevalent cause of
dementia, develops over a long preclinical period and its
progression is associated with modifiable lifestyle fac-
tors [1, 2]. This offers a window of opportunity for testing
early preventive measures. In the last decade, there has
been a shift toward multimodal lifestyle-based interven-
tions for dementia prevention (e.g., combining diet, phys-
ical activity, cognitive training, vascular risk monitoring,
or social interaction), due to the multifactorial nature of
this condition [3]. In contrast to interventions targeting
one risk factor alone, multimodal interventions target
multiple risk factors simultaneously and are expected to
generate additive or synergistic preventive effects. How-
ever, there is still limited evidence on the effectiveness of
multimodal interventions for the prevention of cognitive
decline [4]. Additionally, uncertainties persist regarding
barriers and facilitators of adherence and response to
multimodal interventions, modes of intervention deliv-
ery, and the intervention intensity (dose, duration, and
adherence) required to influence cognitive performance
[5]. Addressing these questions is crucial for advancing
and optimizing multimodal interventions for dementia
prevention, both at the individual (i.e., personalized pre-
vention), and population levels (i.e., precision preven-
tion) [6, 7].

The effectiveness of a next generation of precision
prevention interventions for cognitive decline will rely
on how effectively preventive programs are provided to
populations of interest, their ability to adhere to such
interventions, and the ability of healthcare providers to
monitor adherence and adjust the intervention as needed.
Adherence is recognized as the strongest predictor of
intervention success [8]. However, there is a paucity of
studies addressing the determinants of adherence to mul-
timodal interventions [9—14]. This gap in evidence is, in
part, attributed to the absence of a gold standard defini-
tion of adherence to these complex multimodal interven-
tions. Although a single definition may not universally
apply to all studies, the development of consensus-based
recommendations for measuring and reporting adher-
ence to multimodal interventions could enhance consis-
tency across studies and thus establish global standards
for conducting comparative effectiveness research. This is
particularly important in the framework of international
collaborative networks conducting multimodal interven-
tion trials aimed at preventing cognitive decline, e.g.,
the World-Wide FINGERS (WW-FINGERS) network
[15]. Harmonizing measures of adherence to multimodal
interventions will facilitate pooled analyses, which are
crucial for providing robust evidence about adherence
profiles and progressing in AD prevention research.
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The aim of this narrative review is to provide an over-
view of the available evidence on adherence and efficacy
from multimodal dementia prevention trials.

Main text

Methodology

An English-language literature search was conducted
using medical databases (MEDLINE via PubMed and
SCOPUS, through November 29th, 2024) and keywords
such as “multidomain”, “intervention’, “dementia’, “pre-
vention” and “cognitive decline” Additional studies were
identified through the reference lists of selected publica-
tions and the researchers’ expertise on WW-FINGERS
studies. The search strategy, screening process, and data
selection adhered to PRISMA guidelines [16]. The follow-
ing criteria were used to select relevant studies, including
both randomized controlled trials (RCTs) and protocols:
nonpharmacological multimodal interventions (defined
as combining three or more intervention domains)
with a duration of at least 6 months, a target popula-
tion including individuals without dementia at baseline,
and cognitive performance and/or incident mild cogni-
tive impairment (MCI) or dementia as primary or sec-
ondary outcomes. This review was not registered in the
International Prospective Register of Systematic Reviews
(PROSPERO).

During the screening process, two independent review-
ers (NS-D and AA-G) assessed eligibility based on titles
and abstracts. Data extraction for the narrative review
was conducted by one researcher (NS-D), capturing
details on study design, multimodal intervention char-
acteristics (e.g., dose, duration, adherence), and primary
outcome measures. Quality assessment of the studies
included was not conducted.

The database search identified 417 unique articles, with
an additional 13 articles retrieved from other sources
(Supplementary Fig. 1). After screening, 45 articles were
selected for full-text review of clinical trials. Of these,
24 completed clinical trials met the inclusion criteria
for analysis, and were distributed geographically as fol-
lows: 12 from Asia, 10 from Europe, and 2 from America.
Among the excluded articles, 25 protocols of ongoing
clinical trials were identified and included in the data
synthesis of adherence reporting and assessment of the
expected intensity of the multimodal intervention. These
protocols were distributed geographically as follows: 8
from Europe, 7 from Asia, 5 from America, 4 from Aus-
tralia, and 1 from Africa.

Adherence definition in multimodal studies

Adherence is defined as the degree to which the per-
son’s behavior corresponds with the agreed-upon rec-
ommendations from a healthcare provider [8]. It differs
from compliance, which is the extent to which a patient’s
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behavior matches the prescriber’s advice, emphasizing
obedience rather than actively choosing to make lifestyle
changes. Adherence to multimodal interventions should
encompass participation in intervention activities and
lifestyle change, as both aspects impact cognitive change
and are not directly interrelated [10]. Nonetheless, most
studies thus far have focused solely on participation in
intervention activities as a measure of adherence [9, 11—
14]. Accordingly, good adherence has often been defined
as completing at least 66% of prescribed interventions [9],
a benchmark often used in behavioral interventions [17].
However, an arbitrary cutoff such as a simple percent-
age of 66% might not be informative of high adherence,
as it depends on the overall amount of the intervention
offered.

Adherence reporting in multimodal studies

As shown in Table 1, there was significant heterogeneity
in the reporting of adherence across the completed mul-
timodal intervention studies. Adherence is commonly
reported by intervention domain; however, certain stud-
ies, such as the Finnish Geriatric Intervention Study to
Prevent Cognitive Impairment and Disability (FINGER)
[9] and the GOIZ-ZAINDU [18], have also assessed
simultaneous adherence to all assigned components,
albeit with the use of cut-offs. This diversity in adher-
ence reporting makes cross-trial comparisons of adher-
ence to multimodal interventions difficult. This challenge
could be improved by reporting average participation
(mean (SD), in percentage units) to each intervention
component.

On the other hand, ensuring consistency in reporting
lifestyle changes across multimodal interventions can be
challenging due to the considerable heterogeneity of the
assessment tools used to measure lifestyle changes. A
solution to this harmonization challenge could be the use
of dementia risk scores such as The Cardiovascular Risk
Factors, Aging, and Incidence of Dementia (CAIDE) risk
score or the Lifestyle for Brain Health (LIBRA) index [19].
These scores can be calculated uniformly across stud-
ies irrespective of the various measurement instruments
used to evaluate lifestyle or cardiovascular risk factors
[20, 21]. Moreover, they have been suggested as surrogate
outcomes for lifestyle-based multimodal prevention tri-
als because they may register changes in dementia risk
before detectable cognitive changes [22, 23]. However,
risk scores often attribute points using categorical scor-
ing systems, which might reduce responsiveness, as large
changes in individual risk factors may not be registered if
these changes do not cross the categorical cutoft points
[22]. To improve their performance, it has been proposed
to use continuous scoring systems (crude and weighted
z-score versions), taking into account all changes in risk
factors, not only those crossing specific cutoft values
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[22]. Using this approach, the LIBRA index demonstrated
greater responsiveness to change, than did the CAIDE
dementia risk score, as it includes a larger number of
modifiable risk factors and a broader range of scores [22].
However, risk scores often put very limited weight on the
lifestyle changes most frequently targeted in multimodal
interventions (e.g., CAIDE has physical activity only, and
LIBRA has physical activity, cognitive activity and diet)
and contain many factors that cannot be changed (the
effect of multimodal interventions on cardiovascular risk
factors is modest, particularly when medications are not
a part of the program).

Intensity of multimodal interventions

A measure of the intensity of the intervention that com-
bines the dose delivered (i.e., total number of sessions)
and the length of the intervention may be more useful
for comparing adherence to different multimodal inter-
ventions. Among large multimodal intervention studies,
the FINGER is the only one that demonstrated benefits
on cognition [24]. The Multimodal Alzheimer Preven-
tive Trial (MAPT) [9] and the Prevention of Dementia
by Intensive Vascular Care (PreDIVA) [14], for example,
reported no intervention effect on their primary cog-
nitive outcomes. In addition to differences in the tar-
get population (at-risk individuals in the FINGER, frail
individuals with subjective cognitive impairment in the
MAPT, and the general population in the PreDIVA),
these three studies differed substantially in terms of
intervention intensity and delivery mode (structured
intervention programs in the FINGER and MAPT, and
mainly self-guided intervention in the PreDIVA). The
expected intensity of the FINGER study, calculated as the
ratio between the prescribed dose (number of prespeci-
fied sessions) and the length (months), was 10.6 points.
In contrast, the MAPT had an intensity of 1.2 points, and
the PreDIVA had an even lower intensity of 0.3 points
(Table 2).

As shown in Fig. 1A, structured multimodal interven-
tion programs with expected intensities greater than 10
points are more likely to succeed in terms of improving
cognitive performance or meeting primary cognitive
outcomes. In turn, mainly self-guided or remote inter-
ventions should probably need greater intensities to
impact cognition (Fig. 1B), because participants might
be less likely to adhere, as evidenced by the AgeWell.de
or HATICE results [25, 26]. On the other hand, ongoing
studies are mainly framed within the WW-FINGERS net-
work and thus follow the FINGER model of structured
multimodal intervention, with expected intensities over
10 points (Fig. 1C). Specifically, the expected intensi-
ties ranged from 32 points in the US POINTER [27, 28],
31.8 points in the AU-ARROW [29], 30.3 points in the
LatAm-FINGERs [30], 22.2 points in the LETHE trial
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Fig. 1 Intensity of multimodal intervention (MI) studies aimed at preventing cognitive decline, including (A) completed structured intervention pro-
grams (A, B) completed predominantly self-guided intervention programs, and (C) ongoing intervention programs categorized by WW-FINGERS network

membership. Details of each study are provided in Table 2

[31], 20.4 points in the PENSA Study [32], 15.0 points
in the Africa-FINGERS ([33], 14.1 points in the CITA
GO-ON [34], 12.9 points in the J-MINT and MET-FIN-
GER trials [35, 36], 10.5 points in the SINGER [37], 9.2
points in the FINOMALIN [38], and 4.7 points in the FIN-
GER-NL [39, 40]. Other ongoing multimodal interven-
tion studies that are not members of the WW-FINGERS
network usually have lower intensity scores ranging from

0.3 to 6.5 points, except for the MINE trial, which has
an expected intensity of 29.3 points [41]. However, it is
important to note that the intensity of the intervention is
closely affected by the adherence and the content/qual-
ity of the intervention (although difficult to quantify). For
instance, the observed intensity in the PENSA study after
adjusting the expected dose by the average adherence to
each intervention component was 14.5 points instead of
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Table 3 Overview of determinants of global adherence to multimodal interventions identified in previous studies

Factors associated with poor adherence

Factors associated with good adherence

Lifestyle factors

- Current smoking status (9,14)

Psychosocial factors

- Depressive symptoms (9-11)

- Lower health-related quality of life (9,11)

- Higher Impact of memory problems on everyday life (12)
- Higher perceived risk of Alzheimer’s disease (12)
- Lower emotional stability (more anxious) (12)

- > 1 Fried frailty criteria (12)

- Hopelessness (11)

- Nonpositive perception of the study (11)
Cardiovascular health

- Diabetes (9,10,12)

- Vascular risk (10)

- Obesity, higher body mass index (9,12,14)

- History of high blood pressure (9,14)

Sociodemographic factors
-Younger age (9,10,12)

- Married (10)

- Perceived social support (12)

- Smaller town (< 200,000) (12)

- Education (9)

Cognition

- Verbal memory (13)

- Processing speed (10)

- Global cognition (9,12)

- Attention and working memory (9)
Lifestyle factors

- Healthier lifestyle behaviors (multi-lifestyle score) (10)
- Physical activity (12)

- Diet score (10)

Psychosocial factors

- Functionality (14)

20.4 points (30% lower than expected by the design). Sim-
ilarly, the observed intensity of the MAPT study was 33%
lower than that expected by the design [9, 42], and this
number was 36% in the GOIZ-ZAINDU study [18], and
55% in the HATICE study [26, 43]. However, the report-
ing of adherence or participation in intervention activi-
ties using cutoffs (e.g., percentage of participants with
at least 66% adherence) prevents the assessment of the
observed intensity, which requires adjusting the expected
intensity by the average adherence to each intervention
component. Moreover, information on the duration of
cognitive or physical training sessions could allow a more
accurate estimation of the intensity, as it could be equiva-
lent to performing, for example, a 60-minute cognitive
training session once a week and a 30-minute cognitive
training session twice a week. Another aspect that could
influence the estimation of the intensity is that the score
proposed gives the same weight to all intervention com-
ponents, although typically cognitive training or physical
activity interventions have higher doses (e.g., weekly ses-
sions) than nutrition or cardiovascular risk monitoring
interventions (e.g., (bi)monthly visits).

While there is a strong rationale for delivering inten-
sive, high-dose multimodal interventions to promote
cognitive improvement or delay the onset of cognitive
decline, it is equally crucial to address the challenge of
achieving a sustained pattern of lifestyle modification.
Striking a balance between intervention intensity, feasi-
bility, cost-effectiveness, and long-term engagement is
essential for the success and real-world applicability of
these interventions. One potential approach involves a
gradual increase in the intervention dose during the first
12-18 months, maintaining this heightened dose until
the 2-year mark (in alignment with evidence of efficacy
observed in the FINGER study), and thereafter gradu-
ally reducing the intervention dose so that the partici-
pants are likely to maintain the activities on their own

after the intervention period is over. Another approach
is to offer part of the program in a semistructured man-
ner, for example, by using a hybrid intervention design.
This approach is currently being tested in FINGER-NL,
where part of the intervention program for all lifestyle
domains is offered through a digital intervention plat-
form. For example, online exercise instruction videos are
made available with options for adapting the intensity of
the work-out.

Determinants of adherence

Understanding why individuals engage (or do not engage)
in a particular behavior is vital in the context of behavior
modification [44]. Moreover, the identification of deter-
minants of adherence is linked to the mechanisms of an
intervention as described in, for example, the Medical
Research Council guidance regarding complex inter-
ventions [45]. Evidence suggests that baseline social and
health conditions matter for adherence and efficacy,
and interventions that consider psychosocial factors for
engaging in a healthy lifestyle (e.g., motivation, environ-
mental adjustment) may achieve better results [46].

To identify determinants of global adherence to multi-
modal interventions, we conducted a systematic search
on PubMed (see details in the introduction section)
and employed snowball methods, involving the pursuit
of references within references and electronic citation
tracking. Table 3 provides a summary of the evidence
on the determinants of global adherence in multimodal
interventions.

In the recent years, numerous theories, frameworks,
and models have emerged within the field of implementa-
tion science; however, their application in aging research
has been limited [47]. An example of this is the Health
Belief Model (HBM), which serves as a framework to
explain and predict adherence to health and medical care
recommendations. Its main premise lies in the notion
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that identifying beliefs and motivations related to health
behaviors can inform the development of interventions
aimed at increasing desirable health behaviors. This
model defines key factors that explain health behaviors,
including health knowledge, perceived susceptibility,
perceived severity, perceived benefits of action, per-
ceived barriers to action, cues to action, and self-efficacy.
Notably, the HBM has been identified as the best-suited
model for the development and evaluation of demen-
tia prevention interventions [48]. In the context of the
HBM, some studies have investigated the barriers and
facilitators to participating in or implementing lifestyle
interventions for dementia prevention using qualitative
methods, targeting participants [49, 50], healthcare pro-
fessionals [51] or the general public [52]. Experience with
cognitive disorders (through family history or indirectly),
motivated attitudes toward prevention and willingness to
participate in a prevention trial were found to be facilita-
tors, while beliefs that dementia is part of normal aging
and not preventable were found to be barriers to partici-
pation. However, barriers to and facilitators of dementia
prevention may differ, for example, between different
socioeconomic groups, cultures, and genders [53]. Barri-
ers and facilitators of overall participation in a trial may
also differ from factors associated with adherence, and
they can also differ between the intervention domains.
While HBM factors provide insight into the determi-
nants of adherence, it is unlikely that a single interven-
tion strategy can universally enhance adherence among
all participants. The success of lifestyle interventions may
depend upon tailoring interventions to the individual
characteristics of participants. This is especially relevant
in the context of multimodal interventions, which can be
burdensome and not universally accepted. Participants
may require different focuses on different domains, so
tailoring is needed within the intervention. It has been
proposed that some people (for example those who are
frail or have a lower cognitive reserve) may benefit from
higher dose of intervention, while for other people a
lower dose might be sufficient [42]. Other factors related
to the design of multimodal interventions such as the
type, intensity and delivery method, or context (e.g., pop-
ulation, setting, community) may also influence adher-
ence [9]. The adaptation of evidence-based programs to
particular settings or populations is thus essential for
maximizing their effectiveness [54]. Addressing this evi-
dence-to-practice gap can be facilitated by incorporating
implementation science approaches such as Intervention
Mapping [55, 56]. These methodologies emphasize the
evaluation of context and integrate social determinants
of health in the development of interventions. More-
over, they involve program users (implementers, adopt-
ers, and maintainers) in the evaluation process [56]. The
use of Intervention Mapping or similar methodologies in
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the design of dementia prevention studies can enhance
their relevance in diverse populations. For instance, the
LatAM-FINGERS and the AFRICA-FINGERS initiatives
adopted the RE-AIM (reach, effectiveness, adoption,
implementation, and maintenance) framework to assess
a project’s effectiveness, feasibility, and sustainability [30,
33]. This approach has the potential to narrow the gap in
dementia prevention research between low and middle-
income countries and high-income countries [30, 33].

It is a matter of social justice that accessibility to health
services is provided with the principle of equity. Popu-
lations with low socioeconomic status (SES) are known
to be less likely to access health care and, more impor-
tantly, may be more likely to have less healthier lifestyles.
Moreover, previous literature has shown a clear relation-
ship between the prevalence of dementia and low SES,
measured as annual income, educational level, occupa-
tion, and even neighborhood income levels [57]. Another
important social determinant of health associated with
dementia development is gender. Both a higher preva-
lence and incidence of dementia have been reported in
women than in men, with two-thirds of individuals liv-
ing with dementia and AD being women [58]. Risk fac-
tors associated with gender, which are all interrelated,
range from lifestyle and psychosocial factors to cognitive
reserve and may also affect participation in and adher-
ence to multimodal interventions [59].

Conclusions

Multimodal interventions for dementia prevention are
currently in the trial phase, seeking to prove their effi-
cacy across diverse contexts and target populations and
in combination with pharmaceuticals or nutraceuticals.
A significant challenge lies in determining the minimum
required dose and duration of lifestyle intervention to
impact cognition, maintain participant adherence and
ensure cost-effectiveness. Ideally, the multimodal inter-
vention dosage should be the minimum required to
induce the desired lifestyle changes that, in turn, result
in meaningful cognitive benefits [42]. However, it is cur-
rently unknown how many metabolic equivalents (METs)
of physical activity, or minutes of cognitive training,
or the degree of adherence to a healthy diet, are neces-
sary to impact cognition. The room for improving cog-
nition through multimodal interventions in older adults
is also unclear, as it is generally assumed that cognition
cannot improve ad infinitum, but there is a plateau in
which a higher dose does not translate into more cogni-
tive benefits [42, 60]. If this information was available,
the intervention dose could be adjusted according to
each participant’s characteristics. This could entail, for
instance, providing fewer physical activity sessions to a
participant who already meets physical activity recom-
mendations at baseline; but increasing the number of
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sessions if this participant decreased the adherence to
such recommendations during the follow-up. This infor-
mation gap has led to standardizing the dose of lifestyle
intervention for all participants. Consequently, the “dose”
in multimodal interventions is typically established based
on evidence of feasibility and efficacy gathered from prior
single-domain or multimodal interventions, considering
the necessity for sufficient intensity (as general lifestyle
recommendations alone may not be enough to influence
cognitive change) [61], while also ensuring that partici-
pant motivation is sustained in the long-run.

To better understand the bidirectional relationship
between the intervention dose, intensity and adherence,
we propose harmonizing the reporting of adherence
across multimodal lifestyle-based intervention stud-
ies for cognitive decline/dementia prevention, including
both participation in intervention activities (average par-
ticipation in each component) and lifestyle change, using
dementia risk scores such as the LIBRA index. The inten-
sity of a multimodal intervention could then be estimated
by leveraging the dose, length and observed adherence
with each intervention component. Although this inten-
sity score may not encompass all potentially relevant
factors (e.g., population or contextual characteristics,
intervention quality or duration of sessions), it serves as a
preliminary attempt to quantitatively describe this aspect
of multimodal interventions. Cross-trial comparisons
will be easier across studies, e.g., WW-FINGERS net-
work trials, and others, facilitating an understanding of
how intervention observed dose and intensity influence
efficacy.

The identification of determinants of adherence to
multimodal intervention is important for informing the
design and implementation of precision prevention inter-
ventions. This article provides an overview of the evi-
dence on the determinants of adherence to multimodal
interventions, emphasizing the need to gain knowledge
on barriers and facilitators of enrollment, participation,
and engagement. The incorporation of implementation
science approaches such as Intervention Mapping could
enhance the representativeness of the target population,
especially including low SES groups, potentially benefit-
ing the most from dementia prevention initiatives. As the
field progresses, a commitment to standardized report-
ing and a nuanced understanding of adherence determi-
nants will be pivotal for advancing dementia prevention
research toward meaningful outcomes for diverse popu-
lations worldwide.

The topic of adherence may also be quite important
to the people participating in these interventions. Addi-
tional work should be carried out to understand how
this information about adherence should be communi-
cated to participants and to complement the understand-
ing of adherence to multimodal interventions from the
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perspective of the participants. This type of work could
complement and enrich our understanding of adherence
in the short and long term.
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