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Abstract
While regular physical-activity (PA) is beneficial, multimorbid individuals at increased dementia risk may exhibit reduced PA
levels. Thus, a more comprehensive understanding of mediating factors responsible for inactivity in this population is needed.
This study investigated the impact of a multimodal intervention on PA changes at 24-month follow-up and associated mediating
factors among community-dwelling patients aged 60-77, with increased dementia risk determined by the CAIDE Dementia Risk
Score. Of 1030 participants recruited, 819 completed the assessment. Thus, a generalized estimating equations model initially
assessed differences in PA over 24 months, followed by a tree analysis identifying mediating factors influencing PA changes post-
intervention. While no significant effect on regular PA was found during the follow-up (P = .674), subgroup analysis revealed
improved self-efficacy (P = .000) associated with increased engagement in PA. Incorporating self-efficacy elements into future
strategies is crucial for promoting PA among individuals with multimorbidity and at increased dementia risk.
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Significance Statement

This manuscript uses a unique methodology to study factors
contributing to inactivity in older adults with multimorbidity
and at increased dementia risk. Our approach identifies spe-
cific mediating factors including self-efficacy and subgroups
within the population with shared characteristics related to
desired health behaviour (physical activity). This information
can help target interventions more effectively, improving
physical activity promotion, guiding policies, and resource
allocation in public health.

Introduction

As the world’s population ages, the prevalence of dementia is
increasing.1 It is estimated that there will be a global increment
of 57.4 million cases of dementia in 2019 to 152.8 million
cases in 2050.2 Indeed, the growth in the number of persons
living with dementia represents a primary worldwide chal-
lenge because of its physical, psychological and economic
repercussions.3 Together with its global prevalence and im-
pact, the absence of a cure and treatment for dementia
highlights the relevance of prevention as an effective way to
reduce dementia implications.1 Therefore, currently, both
scientific research and global health strategies have focused on
dementia prevention efforts by addressing modifiable risk
factors, including physical inactivity.4,5 Approximately 40%
of dementia cases worldwide can be linked to modifiable risk
factors.6 Likewise, multimorbidity has a robust association
with mild cognitive impairment and subsequent dementia.7

Particularly, older adults with cardiovascular, sensory im-
pairment and neuropsychiatric multimorbidity are affected.8

Thus, by recognizing and targeting modifiable and associated
risk factors for dementia, key elements are highlighted for
primary prevention strategies and dementia incidence
reduction.4

Multimodal interventions that target modifiable risk factors
show promise in preventing cognitive decline. Notable Eu-
ropean studies such as The Finnish Geriatric Intervention
Study to Prevent Cognitive Impairment and Disability
(FINGER),9 the French Multimodal Alzheimer Preventive
Trial (MAPT),10 and Dutch Prevention of Dementia by In-
tensive Vascular Care (PreDIVA)11 have demonstrated the
efficacy of such approaches. The FINGER Trial,9 lasting two
years, displayed significant cognitive improvements among
at-risk older adults through lifestyle interventions. Similarly,
the 3-year MAPT Trial 10 displayed positive cognitive effects
despite not meeting its primary goal. Lastly, the 6-year Pre-
DIVA Study11 revealed a reduction in dementia incidence
among individuals with untreated hypertension who adhered
to treatment. These trials highlight the potential of targeting
modifiable risk factors to reduce dementia risk.

Within these interventions, physical activity (PA) is con-
sistently included as a crucial component, with the aim of
mitigating various dementia risk factors, promoting brain

health and enhancing overall well-being.4 Long-term en-
gagement in PA has been linked to cognitive benefits, im-
proved physical functioning, and mental health, reducing
dementia risk and delaying dementia progression.12,13

Moreover, a strong correlation exists between PA and re-
duced non-communicable diseases (NCDs) and decreased
mortality risk linked to multimorbidity.14 In order to achieve
those health benefits, the World Health Organization (WHO)
recommends a minimum of 150 min/per week of moderate-
intensity aerobic PA for older adults.15

Despite PA benefits, the effectiveness of PA in delaying
cognitive decline is not yet fully established,4 especially
considering the challenges of engaging and maintaining ad-
herence among older adults.16,17 Evidence shows that in
Germany, less than 150 minutes of PA per week is reported by
65% of individuals aged 65 or older, indicating a shortfall in
meeting WHO recommendation.18 Similarly, adherence to
WHO PA recommendations was found to be less than a third
among older adults with multimorbidity.19 Such a consider-
able absence of adherence to recommended PAmay contribute
to worsening multimorbidity or other adverse health
outcomes.19

Given the extensive incidence of low PA levels in older
adults with multimorbidity and increased dementia risk, un-
derstanding the mediating factors influencing PA engagement
within multimodal interventions is essential. Additionally,
investigating the impact of multimodal interventions on PA
changes can provide valuable insights into their effective-
ness.20 Potential mediating factors influencing engagement in
PA interventions among older adults with multimorbidity and
at increased dementia risk, as proposed by the socioecological
model, encompass both individual and environmental
factors.21,22 Notably, recurring barriers often hinder PA par-
ticipation among people with multimorbidity, including
physical barriers (e.g. pain and fatigue), psychological con-
straints (depression, anxiety, fear of falling, extrinsic moti-
vation, feelings of isolation, knowledge about the condition),
and financial limitations.20 While previous literature provide
some evidence, regarding mediating factors for regular PA in
persons with multimorbidity, prior research presents a limi-
tation by studying PA mediating factors without considering
possible high-risk subgroups.23 Decision tree analysis plays
an essential role in public health research by analysing the
intricate interactions across outcomes and mediating factors,
identifying high-risk subgroups to implement preventive
measures and interventions.24 Thus, decision trees enable the
identification of distinct subgroups within the population that
have common and distinguishable characteristics, either
barriers or facilitators (mediating factors), to the desired
health-related behaviour.19 Therefore, this methodology holds
great significance in targeting interventions towards specific
groups and fostering the adoption of healthy behaviours, like
PA; facilitating as well the efficient prediction, and design of
population-based health promotion interventions.24 Over the
past years, decision tree analysis has been applied in various
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public health settings with different populations.25 However,
to our knowledge, limited research has specifically explored
the application of decision trees aiming to understand me-
diating factors for PA among individuals with multimorbidity
and at increased dementia risk.26

Our primary aim is to investigate the impact of one mul-
timodal intervention, the AgeWell study, on PA behaviour at
24-month follow-up, aiming to elucidate changes in PA after
participation. Additionally, we aim to integrate decision tree
analysis to understand the mediating factors influencing
changes in PA at the 24-month follow-up among older adults
with multimorbidity and increased dementia risk, identifying
as well high-risk subgroups. These objectives will not only
provide significant insights into the challenges and opportu-
nities for promoting PA in older adults with multimorbidity
and dementia risk but also offer a solid foundation for the
design of future interventions and public health policies tar-
geting this vulnerable demographic group.

Methods

Study Design

The AgeWell.de study is the first cluster-randomized, con-
trolled trial in Germany to evaluate the effectiveness of a
multicomponent intervention aimed at preventing cognitive
decline in older adults with multimorbidity and at increased
dementia risk.27 The intervention for the experimental group
encompassed a diverse range of content, including PA en-
hancement, which consisted of a standardized training pro-
gram with home exercises (strengthening and flexibility/
balance exercises) to be performed twice a week. Addition-
ally, individualized goals for aerobic exercise were set, tar-
geting 3 to 5 times per week. Meanwhile, the control group
received general practitioner treatment as usual and general
health advice covering the components of the intervention.
The primary outcome measure was cognitive function, with
secondary outcomes including mental and physical health
assessments. The AgeWell.de trial is registered in the German
Clinical Trials Register (DRKS; trial identifier:
DRKS00013555).

Participants

The study included community-dwelling patients aged be-
tween 60 and 77 years old and at increased risk of dementia, as
determined by the CAIDE Dementia Risk Score (Cardio-
vascular Risk Factors, Aging, and Incidence of Dementia).28

Participants were included in the study based on a CAIDE
Dementia Risk Score of ≥9. Furthermore, the prediction of
dementia risk was determined using a sensitivity of .77 and a
specificity of .63 at a cut-off point of ≥9.28 The CAIDE as-
sessment comprises various factors, including age, education,
gender, blood pressure, body mass index, total cholesterol, and
physical activity. This approach ensured that individuals

already diagnosed with dementia or mild cognitive impair-
ment at the study’s outset were not included, as the CAIDE
Dementia Risk Score was specifically developed to assess
dementia risk in individuals without clinical dementia or mild
cognitive impairment at the time of evaluation. Eligible
participants for AgeWell.de were screened at general practi-
tioner (GP) practices. Exclusion criteria encompassed the
diagnosis or suspicion of dementia by GP, health conditions
that could impede safe participation in the intervention as
determined by GP, significant loss of vision, hearing, or in-
sufficient ability to speak or read German, severe mobility
impairment and concurrent participation in any other inter-
vention trial. For additional information regarding the diag-
nostic criteria and procedures employed in this study, readers
are encouraged to consult the AgeWell study protocol,29

which provides a comprehensive overview of the methodol-
ogy and assessment procedures.

Between June 2018 and October 2019, enrolled GP
practices recruited eligible participants (n = 1030) from five
study sites. Among them, n = 487 participants were ran-
domized to the intervention group, while n = 543 participants
were randomized to the control group. For the intention-to-
treat analysis, n = 819 (79.5%) participants (intervention/
control: n = 378/441) completed the 24-month assessment
between July 2020 and January 2022. Dropout rates were n =
109 (22.4%) in the intervention group and n = 102 (18.8%) in
the control group. Due to the COVID-19 pandemic and as-
sociated restrictions on personal contact, there were delays in
the follow-up assessments, resulting in a mean duration ofM =
25.6 months (SD: 2.8) between the baseline and follow-up
interviews. The participant flow is illustrated in detail in
Figure 1.

Data Collection

Data collection consisted of self-reported, structured face-to-
face interviews and standardized questionnaires implemented
at baseline and follow-up by GPs. The different relevant study
variables and measurement tools used are presented below.

Dependent Variable. We administrated a self-developed
questionnaire adapted from Lippke et al.30 to evaluate “reg-
ular PA”. Participants were inquired about their recent par-
ticipation in regular PA (≥2 days per week for 30 minutes), and
their responses were recorded as a dichotomous variable yes or
no. This reference value (regular PA = ≥2 days per week for
30 minutes) was chosen as a benchmark, given that regular
weekly aerobic PA is linked to significant benefits on several
health outcomes.15

Taking into account that one of our aims was to identify
factors associated with changes in PA engagement at follow-
up, the variable “regular PA engagement” was transformed in
four PA states (changes): (1) Physically active at baseline and
follow-up; (2) Physically active at baseline, became inactive at
follow-up; (3) Physically inactive at baseline, became
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regularly active at follow-up; and (4) Absence of regular PA
both at baseline and follow-up.

Independent Variables. GPs provided sociodemographic (age,
sex, living with a partner, education) and participant’s medical
conditions information. Other factors were measured through
questionnaires, which included the following variables:
Cognitive status (Montreal Cognitive Assessment (MoCA));31

Depressive symptoms (Geriatric Depression Scale (GDS));32

Performance in activities of daily living (Barthel-Index);33 and
Health-related quality of life (EQ-5D-5 L).34 In addition,

participant’s health behaviours, such as alcohol consumption
per day (g/day), were assessed. Participants were also asked
about their current smoking status, with response options of
yes or no.

Furthermore, participants self-efficacy for PA was evalu-
ated using the health-specific self-efficacy scale proposed by
Schwarzer and Renner,35 which assessed how confident they
felt to be physically active when: they were worried and had a
problem, when they felt sad, tense, tired, and busy. The
available response choices were (1) Very uncertain; (2) Rather
uncertain; (3) Almost certain; and (5) very certain.

Figure 1. Participant flowchart for random assignment in the AgeWell.de study.
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Social support measurements were obtained using the
Lubben Social Network Scale/LSNS-6. Finally, the living area
variable was examined and categorized into four classes based
on population density: small urban area, with a population
between 50,000 and 100,000; medium-sized urban area, with
a population between 100,000 and 250,000; metropolitan
urban area, with a population between 250,000 and 1.5 mil-
lion; and large metropolitan urban areas, with a population
above 1.5 million.36

In order to identify whether there had been changes after
the intervention, quantitative and qualitative independent
variables were transformed into new variables. Quantitative
variables (cognitive status, depression, social isolation, degree
of independence, quality of life, alcohol consumption, and
self-efficacy for PA) were transformed by computing the post-
pre score difference. As for the qualitative variables with
dichotomous yes/no responses, they were transformed into
variables representing four states. For instance, the variable
mobility difficulties was categorized into these four states: (1)
Mobility difficulties at baseline, mobility difficulties at follow-
up; (2) Mobility difficulties at baseline, no mobility difficulties
at follow-up; (3) No mobility difficulties at baseline, mobility
difficulties at follow-up; and (4) No mobility difficulties at
baseline, no mobility difficulties at follow-up. The same
transformation was applied to the variables smoker and GPs
diagnoses (type 2 diabetes, hypertension, coronary heart
disease, myocardial infarction, visual and hearing difficulties).
Conversely, variables such as sex, age, living with a partner,
educational level, and living area remained unchanged and
were utilized in their baseline form.

Statistical Data Analysis. Descriptive statistics were used for
the baseline characteristics of participants. Moreover, to
assess between groups differences in PA engagement
outcome at 24 months follow-up, a generalized estimating
equations model was performed from a repeated measures
binary logistic model. Finally, a decision tree analysis was
conducted to identify mediating factors associated with
changes in PA state after the intervention. Using a decision
tree model, the probability of different variables in de-
termining changes in regular PA engagement was esti-
mated. This process allowed us to prioritize those factors
that could be addressed to promote changes in regular PA
practice (as shown in Figure 2). Statistical tests such as
Pearson’s chi-square identified significant differences be-
tween subgroups, with a P-value < .05 considered sig-
nificant. Analysis was done using IBM Statistical Package
and Services Solutions (SPSS) version 25 (IBM Corp,
Armonk, NY, USA).

Ethics. The study was approved by the responsible ethics
committees of the coordinating centre (Ethics Committee of
the Medical Faculty of the University of Leipzig; ethical vote
number: 369/17-ek) and of all participating study sites. Par-
ticipants provided written informed consent to participate.

Results

Baseline Characteristics

Characteristics of participants at baseline are reported in
Table 1. At baseline, it was observed that a total of 198 par-
ticipants (52.4%) in the intervention group and 232 partici-
pants (53.2%) in the control group engaged in regular physical
activity at least 2 times per week for 30 minutes. There were
no significant differences between the two groups in terms of
regular physical activity participation at baseline (P = .529).
Participants who dropped out during the intervention did not
differ from those who completed the follow-up assessment in
terms of sex (P = .353), age (P = .443), or group allocation
(P = .153). Those who dropped out more often before the
follow-up assessment had lower education levels than par-
ticipants who completed the follow-up (P < .001).

Between-Group Differences in PA Engagement at
24 Months Follow-Up

A generalized estimating equations model was conducted
based on a repeated measures binary logistic model, in which
it was identified that there were no significant differences
between the control and the experimental group. Results
showed a P-value equal to .674.

Although there were no significant differences between
groups, some changes in PA behaviour were found. Figure 3
provides a description of the four different PA states (changes)
that resulted from baseline to follow-up between-groups.
Particularly, while 52.7% of the participants in the interven-
tion group became physically active after the intervention,
only 47.3% of the control group were able to make this
transition at follow-up. Also, a greater absence of PA can be
observed in the control group after the intervention (56.4%), in
contrast to the intervention group (43.6%).

Outcomes of Decision Trees Analysis

Mediating Factors for Changes in PA States. A decision tree
analysis was conducted to recognise mediating factors asso-
ciated with previous changes in PA states between baseline
and follow-up. We employed decision trees as a method to
dissect the intricate relationships between various factors and
their impact on PA bahaviour. Decision trees serve as a visual
representation to understand these relationships more intui-
tively. The process begins by examining the entirety of the
dataset, similar to starting at the root of a tree. Subsequently,
the algorithm divides the dataset into smaller subsets based on
the most influential factors affecting PA. This segmentation
continues recursively, forming a tree-like structure. Each
terminal node of the tree represents a distinct subgroup of
individuals with similar characteristics. By exploring the
branches from the root to the terminal nodes, we can identify
the primary mediating factors influencing PA patterns.
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According to our analyisis, illustrated in Figure 3, the
model identified that the most influential variable impacting
changes in PA was the difference in self-efficacy scores (P <
.001). This finding suggests that variations in self-efficacy
scores between baseline and follow-up influenced the likeli-
hood of engaging in PA. Additionally, as illustrated in
Figure 4, the model categorized the difference in self-efficacy
scores into five distinct groups: Node (1) score difference
equal or less than �6 points; Node (2) score difference
between �6 and �1 points; Node (3) score difference
between �1 and 0 points; Node (4) score difference between
0 and 5 points; Node (5) score difference greater than 5 points.
Notably, positive scores indicated an increase in self-efficacy,
whereas negative scores indicated a decrease in self-efficacy at
follow-up.

Nodes 1, 2, and 3 indicated a decrease in the probability of
transitioning from physical inactivity at baseline to becoming
physically active at follow-up among individuals with a
negative difference in self-efficacy scores ranging from ≤-6 to
0 points (as indicated by the blue square in Figure 4). For
instance, in node 1, this probability dropped from 11.9% to
8.3%; in node 2, the probability went from 11.9% to 8.6%; and
node 3 declined from 11.9% to 7.4%. On the contrary, nodes
4 and 5 showed that individuals who increased scores from
0 to ≥5 points on the self-efficacy scale raised their likelihood
of transitioning to a state of regular PA during follow-up after
being inactive at baseline. For example, the probability at node
4 increased from 11.9% to 14.5% and in node 5 raised
to 27.3%.

Moreover, the findings in nodes 6 and 7 revealed a sig-
nificant association between gender and a negative difference
of ≤6 points in self-efficacy scores (P = .0029). For instance,
men experiencing a decline in their self-efficacy scores by ≤
-6 points increased their probability of absence of regular PA
both at baseline and follow-up (PA state indicated by red
square in Figure 4). This probability increased from 52.7% to
63.3%. On the contrary, despite having the same negative
difference in their self-efficacy scores, women decreased this
probability from 52.7% to 40.5%.

Furthermore, node 8 highlights that individuals with dia-
betes and a self-efficacy score difference ranging from �6 to
1 point showed an increased likelihood of absence of regular
PA, both at baseline and at later follow-up (PA state indicated
by red square in Figure 4). This probability increased from
27.6% to 44.4%. In comparison, node 9 indicated that those
not diagnosed with this disease reduced this probability from
27.6% to 20.4%.

Finally, nodes 10 and 11 showed a significant rela-
tionship between an increase in self-efficacy scores (be-
tween 0 and 5 points) and the condition of the participants,
either belonging to the control or intervention groups (P =
.009). In Node 10, participants within the intervention
group who experienced a self-efficacy score increase of 0 to
5 points at follow-up were observed to have an augmented
probability of transitioning from physical inactivity at
baseline to regular activity at follow-up (as indicated by the
blue square in Figure 3). This probability increased from
14.5% to 22.7%. Conversely, in node 11, participants from

Figure 2. Framework analysis employed for recognising factors mediating regular PA changes.
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the control group demonstrated a decrease in this proba-
bility from 14.5% to 8.4%.

In summary, the results of the decision tree analysis reveal
that the difference in self-efficacy scores was the most in-
fluential variable in changes in physical activity states between
baseline and follow-up. The probability of engaging in
physical activity varied significantly based on the difference in
self-efficacy scores, indicating an increased likelihood of

regular physical activity participation with higher self-efficacy
scores. Furthermore, significant associations were observed
between gender and the presence of diabetes with changes in
self-efficacy and physical activity participation. Additionally,
a significant relationship was identified between the increase
in self-efficacy scores and the participants’ condition, with a
notable increase in the probability of transitioning to regular
physical activity in the experimental group compared to the

Table 1. Baseline Characteristics of AgeWell.de Study Participants.

Variables Intervention (n = 378) Control (n = 441)

Dependent variable
Regular PA at least 2 times/week for 30 min (yes), n (%) 198 (52.4) 232 (53.2)

Independent variables
Individual factors
Sociodemographic characteristics
Age in years, mean (SD) 69.1 (4.9) 69.0 (4.9)
Sex, female (yes), n (%) 199 (52.7) 234 (53.1)
Living with a partner (yes), n (%) 247 (65.3 285 (64.6)

Education
Low (yes), n (%) 98 (25.9) 83 (18.8)
Intermediate (yes), n (%) 196 (51.9) 238 (54.0)
High (yes), n (%) 84 (22.2) 120 (27.2)

Morbidities profile of older adults at increased dementia risk according to GPs diagnosis
Diabetes mellitus type 2 (yes), n (%) 136 (36.0) 175 (39.7)
Hypertension (yes), n (%) 332 (87.8) 375 (85.0)
Coronary heart disease (yes), n (%) 66 (17.5) 70 (15.9)
Myocardial infarction (yes), n (%) 23 (6.1) 25 (5.7)
Visual difficulties (yes), n (%) 14 (3.7) 32 (7.3)
Hearing difficulties (yes), n (%) 4 (1.1) 5 (1.1)
Mobility difficulties (yes), n (%) 1 (.3) 2 (.5)

Cognitive status (MoCA sum score points), mean (SD) 24.47 (2.9) 24.75 (3.0)
Activities of daily living (Barthel index) points, mean (SD) 99.64 (2.3) 99.64 (2.5)
Depression (GDS scale) points, mean (SD) 1.48 (1.9) 1.48 (1.9)
Health-related quality of life (EQ-5D-5 L VAS), mean (SD) 78.27 (15.1) 75.62 (16.0)
Alcohol consumption (g/day) 14.21 (24.7) 15.28 (23.8)
Smoker (yes), n (%) 46 (12.2) 43 (9.8)
Self-efficacy for PA
I feel confident to be physically active when…
…I have concerns and problems (yes), n (%) 298 (78.8) 310 (70.6)
…When I am feeling down (yes), n (%) 265 (70.1) 278 (63.4)
…When I feel tense (yes), n (%) 279 (73.8) 300 (68.3)
…When I am tired (yes), n (%) 207 (54.8) 184 (41.9)
… I am busy (yes), n (%) 175 (46.3) 173 (39.5)

Interpersonal factors
Social support (Lubben social network scale) points, mean (SD) 21.19 (6.4) 20.88 (6.7)

Environmental factors
Living area
Small urban area, (yes), n (%) 70 (18.5) 96 (21.8)
Medium-sized urban area, (yes), n (%) 159 (42.1) 159 (36.1)
Metropolitan urban area, (yes), n (%) 117 (31.0) 120 (27.2)
Large metropolitan urban area, (yes), n (%) 32 (8.5) 66 (15.0)

Note. PA = physical activity, SD = standard deviation, GPs = general practitioners, MoCA =Montreal-Cognitive- Assessment, GDS = Geriatric Depression Scale.
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control group. These findings underscore the importance of
self-efficacy in promoting physical activity and suggest that
interventions aimed at improving self-efficacy may be ef-
fective in fostering more active behaviors in the studied
population.

Mediating Factors for PA Engagement at
Follow-Up. Additionally, we examined potential mediating
factors influencing regular PA at follow-up. Thus, a second
decision tree analysis was conducted, including just the
dichotomous dependent variable “regular PA
engagement ≥2 days/week for at least 30min"; yes/no at
follow-up. The results of this analysis, as shown in
Figure 5, reaffirmed self-efficacy as a significant deter-
minant for regular PA engagement (P = .019).

Results from this tree analysis revealed (see Figure 5) that a
negative difference between baseline and follow-up of ≤
-4.50 points on the self-efficacy scale decreases the probability
of regular PA at follow-up. This probability went from 47.5%
to 29.5%. In contrast, when participants increased score
differences by more than �4.5 points on the self-efficacy
scale, their chances of doing PA regularly at follow-up in-
creased. The probability rose from 47.5% to 50.4%.

In the same way, individuals who scored differences
above �4.5 points on the self-efficacy scale in the follow-up
and reported a high education level demonstrated an increased
probability of engaging regularly in PA. This percentage went
from 50.4% to 64.4%. Nonetheless, in the case of individuals
with a high level of education, if they scored a difference of ≤
-5.5 points in their social support scores, their likelihood of

Figure 3. Between-groups changes in PA states from baseline to follow-up.

Figure 4. Decision tree analysis: Mediating factors associated with PA changes at follow-up.
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Figure 5. Decision tree analysis for regular PA engagement at follow-up.
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engaging in PA regularly in the follow-up period decreased.
The probability went from 64.4% to 59.2%.

In contrast, those with an intermediate to low educational
level exhibited a reduction in their probability of engaging
regularly in PA at follow-up. This went from 50.4% to 45.5%.
Within this group of participants who scored differences
above �4.5 points on the self-efficacy scale and had a low
level of education, alcohol consumption emerged as a sig-
nificant variable (P = .006). Those who increased their con-
sumption (>2.03 g per day) at follow-up were less likely to not
engage in PA regularly after the intervention. This probability
was reduced from 54.5% to 46.8%. On the other hand, those
who decreased their alcohol consumption by�7.6 g increased
their probability of doing PA regularly at follow-up. This
probability changed from 44.0% to 55.9%. On the other hand,
those who increased their consumption by more than �7.6 g
per day decreased their likelihood of PA from 44.0% to 41.8%.

Discussion

Main Findings

In the initial analysis, the present study did not find any
significant effect on PA engagement during the 24-month
follow-up period. However, looking in more detail through
decision trees analysis, the likelihood of regularly engaging in
PA increased during the follow-up period within specific
subgroups. Particularly, individuals with increased self-
efficacy at follow-up raised their probability of engaging
regularly in PA after the intervention. Thus, self-efficacy was
identified as the most important mediating factor associated
with the likelihood of changes in PA participation at follow-
up. In addition, other characteristics of participants mediated
the probability of regular PA at follow-up associated with self-
efficacy, including gender, presence of diabetes, being in the
treatment group, educational level, social isolation, and al-
cohol consumption. A more detailed discussion of these sub-
groups is presented below.

Self-Efficacy

The decision tree analysis identified among all the factors
examined that the most important mediating factor associated
with changes in regular PA participation at 24-month follow-
up was the change in self-efficacy scores. These findings are
consistent with those reported in previous literature.37 For
instance, self-efficacy was related to PA engagement and
adherence in asymptomatic and older adults with chronic
diseases, including recovered individuals of cardiovascular
disease and survival in chronic obstructive pulmonary
disease.37,38 Moreover, according to 2- to 5-year follow-up
study in which PAwas promoted, self-efficacy has been shown
to be crucial in the long-term maintenance of PA.39 Of note,
the relationship between PA and self-efficacy is not unidi-
rectional and can be influenced by other factors, such as

physical and mental health, social environment, and individual
limitations.37 However, in general, it has been found that there
is a positive association between self-efficacy and PA in older
adults.

Self-efficacy refers to a person’s belief in his or her ability
to achieve certain tasks or goals.40 In the context of PA, self-
efficacy relates to the confidence a person has in his or her
ability to participate in and maintain regular PA.41 Thus, self-
efficacy may play a crucial role in exercise behaviours as older
adults with higher self-efficacy perceive that they can over-
come the barriers and challenges associated with PA, in-
creasing their motivation and likelihood to participate in it.41

According to Bandura’s theory, confidence in personal ability
influences choices and effort devoted to PA behaviour.40

In this way, it is necessary to address psychological key
components, such as self-efficacy, to design effective pro-
grams promoting PA engagement and adherence.41 To our
knowledge, there is a limited amount of research on PA in-
terventions for patients with multimorbidity and at increased
dementia risk, focusing on improving self-efficacy in PA.
Thus, self-efficacy enhancement strategies may be useful in
interventions to increase PA engagement and adherence
among this particular population.

Self-Efficacy and Gender

Another variable that mediated regular PA engagement in our
study was gender. The results of the decision tree model
showed that being male was a risk factor for physical inactivity
as long as there was a decrease in self-efficacy. In particular, it
was found that males with a decrease in self-efficacy scores
were more likely to not participate in regular PA, both at
baseline and at subsequent follow-up. These results are
consistent with previous literature,42 particularly coinciding
with differences between PA determinants according to
gender. One study reported that intention and habit are key to
short- and long-term factors influencing PA in both genders.43

However, differences were found in the role of self-efficacy,
emphasizing that attitude towards PA was important for men
while planning was crucial for women.43 However, it is im-
portant to acknowledge the complexity of the relationship
between attitude and planning in the context of PA. While our
initial discussion highlighted the importance of attitude for
men and planning for women, it is recognized that these
factors may not operate independently.43 Indeed, positive
attitudes towards PA may enhance motivation for planning,
suggesting a more complex relationship between attitudes and
planning across genders.43 In another study,44 investigating
gender differences in psychosocial factors related to PA during
a lifestyle change intervention, it was found that men received
more social support for PA, but women increased their ex-
ercise plans more. While there were differences in the im-
portance of planning between genders, these were not
consistent across all analyses. Self-efficacy was a strong
predictor of behaviour change, and pre-intervention social
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support was important for both genders. Women showed
greater use and effects of action planning, possibly linked to
their social roles and responsibilities. Overall, the findings
suggest that men and women may not differ in socio-cognitive
variables generally, but rather in those related to their social
roles. Interventions could benefit by supporting women more
in behaviour change planning and by facilitating their ability
to activate social support sources. Furthermore, existing lit-
erature has indicated gender differences in psychological
resilience among older adults.45 Given that women tend to
report lower levels of psychological resilience compared to
men, it is conceivable that this disparity could also contribute
to differences in self-efficacy.46 Lower resilience levels among
older women might influence their confidence in engaging in
PA and planning their exercise routines effectively.47

Therefore, attitudes towards PA and psychological resil-
ience could certainly be underlying factors contributing to the
observed gender differences in self-efficacy.48 Future research
could explore these aspects further to provide a more com-
prehensive understanding of the mechanisms driving gender
disparities in self-efficacy among older adults. These gender
differences have implications for the development of future
gender-specific PA interventions, as also stated in previous
studies.43

Self-Efficacy and Type 2 Diabetes

It was also found that a decrease in self-efficacy in combi-
nation with a diagnosis of type 2 diabetes was a risk factor for
physical inactivity. In other words, if participants had this
diagnosis before or after the intervention and a decrease in
their self-efficacy scores, they were more likely to have no
change in their physical inactivity behaviour. Previous studies
also show that the diagnosis of type 2 diabetes was a risk factor
for inactivity.49 Therefore, developing tailored guidelines for
PA and self-efficacy enhancement aimed at this population is
also essential.

Self-Efficacy in the Experimental Group vs. Control
Group

Increases in self-efficacy at follow-up and intervention
group participants experiencing an increase in self-efficacy
between baseline and follow-up were more likely to present
a higher probability of transitioning from being physically
inactive at baseline to physically active in the follow-up,
unlike the control group. Thus, as has also been shown in
other studies,50 multicomponent programs should aim at
integrating PA, cognitive and social activities, providing
knowledge, tools, and skills that may enable participants to
increase self-efficacy and feel more confident in engaging
in regular, long-term PA.

Self-Efficacy, Educational Level, Social Support, and
Alcohol Consumption

Additionally, high educational level accompanied by in-
creased self-efficacy at follow-up increased the likelihood of
regular PA in the follow-up. Comparing these findings with
recent literature, various studies showed a positive correlation
between educational level and PA participation in older
adults.51,52 A person’s education can influence his or her
behaviour and attitudes toward healthy lifestyle
behaviours.53,54 Older adults with higher levels of education
tend to have a better understanding of the health benefits of PA
and a greater awareness of how to maintain a healthy life-
style.53 In addition, education can provide them with the skills
and knowledge needed to participate in PA safely and ef-
fectively.53 These findings highlight the importance of edu-
cation and self-efficacy as facilitating factors to promote an
active lifestyle in older adults with multimorbidity and at
increased dementia risk.

It is worth noting that for this population with increased
self-efficacy and a high level of education, a decrease in social
support at follow-up was a risk factor for not engaging in
regular PA. Thus, these results highlight that social support
was a relevant mediator for PA in people with higher education
and multimorbidity. We did not find studies showing direct
correlations between high educational levels, decreased social
support and PA engagement. In general, studies reported that a
high level of education was associated positively with social
support as it offers greater opportunities for social interaction
and access to broader social networks.55 However, each
population group is different. Perhaps there are certain ad-
ditional key aspects to consider when individuals are multi-
morbid and at increased dementia risk. For instance, although
individuals may have a higher level of education and self-
efficacy when they suffer from multimorbidity, they may
experience changes in their social environment and support,
which could affect their probability of engaging in PA. Hence,
social support might be also an essential factor to consider
when planning PA promotion strategies for persons with
multimorbidity and at increased dementia risk.

Finally, low educational level and alcohol consumption
were also risk factors, as these factors reduced the likelihood
of regular PA in follow-up. These findings are in accordance
with the literature, as it has been found that low educational
levels and alcohol consumption are associated with low PA
levels.56 This may be due to unfavourable socioeconomic
factors, social and cultural norms that normalize alcohol
consumption and hinder access to resources, knowledge, and
skills needed to initiate and maintain PA behaviour.57 Pro-
grams aimed at increasing self-efficacy among low-educated
older adults should consider the challenges and limitations
inherent to this population sub-group. Such programs could
incorporate components and strategies that guarantee access to
resources, support, knowledge, and skill building.
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Strengths and Limitations

One of the strengths of this study lies in the utilization of decision
tree analysis. This approach facilitated examine complex inter-
actions among mediating factors for PA engagement during the
follow-up period and identified high-risk subgroups. The clas-
sification of the population based on these findings will con-
tribute to the effective targeting and design of future interventions
targeted at high-risk groups for dementia. The study has rec-
ognized various limitations, highlighting the need to interpret the
findings carefully. Firstly, larger sample sizes are necessary to
ensure more robust and reliable results. Furthermore, the exact
amount of PA undertaken by individuals is unknown, as only the
receipt of the multimodal intervention is documented. Lastly, the
samplewas rather selective - based on the inclusion criteria alone,
an increased number of participants were probably physically
inactive (physical inactivity is also a component of the CAIDE
score, and criteria such as body-mass-index (BMI) > 30, which
also correlates strongly with inactivity). Therefore, the results can
only be generalized to a limited extent.

Conclusion

The study sample did not exhibit any significant impact on PA
effect following the intervention. However, certain subgroups
showed an increased likelihood of adopting regular PA during
the follow-up period. Notably, participants who experienced
an improvement in their self-efficacy scores at follow-up had a
higher probability of enhancing their regular PA, mainly if
they were initially physically inactive. These observations
suggest that intervention programs successfully enhancing
self-efficacy are more likely to promote regular PA. Therefore,
self-efficacy remains a crucial aspect to consider and evaluate
in future intervention studies targeting older adults with
multimorbidity and at increased dementia risk. Efforts should
be focused on individualizing interventions, particularly for
men, individuals with type 2 diabetes, those with low social
support, those with intermediate or low education, and those
with higher alcohol consumption.

Appendix

Abbreviations

BMI Body-mass-index
CAIDE Cardiovascular Risk Factors, Aging, and Incidence

of Dementia
GDS Geriatric Depression Scale
GP General practitioner

LSNS Lubben Social Network
MoCA Montreal Cognitive Assessment

PA Physical activity
SPSS Statistical Package and Services Solutions
NCDs Non-communicable diseases
WHO World Health Organization.
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Cognitive Assessment, MoCA: a brief screening tool for mild
cognitive impairment. J Am Geriatr Soc. 2005;53(4):695-699.
doi:10.1111/j.1532-5415.2005.53221.x

32. Gauggel S, Birkner B. Validität und Reliabilität einer deutschen
Version der Geriatrischen Depressionsskala (GDS). Z Klin
Psychol Psychiatr Psychother. 1999;28(1):18-27. doi:10.1026//
0084-5345.28.1.18

33. Mahoney FI, Barthel DW. Functional evaluation: the barthel
index. Md State Med J. 1965;14:61-65.

34. Lin DY, Cheok TS, Samson AJ, et al. A longitudinal validation
of the EQ-5D-5L and EQ-VAS stand-alone component utilising
the Oxford Hip Score in the Australian hip arthroplasty pop-
ulation. J Patient Rep Outcomes. 2022;6(1):71. doi:10.1186/
s41687-022-00482-7

35. Schwarzer R, Renner B. Social-cognitive predictors of health
behavior: action self-efficacy and coping self-efficacy. Health
Psychol. 2000;19(5):487-495.

36. Dijkstra L, Poelman H, Veneri P. The EU-OECD Definition of a
Functional Urban Area. Paris: OECD iLibrary; 2019. doi:10.
1787/d58cb34d-en

37. Collado-Mateo D, Lavı́n-Pérez AM, Peñacoba C, et al. Key
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