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Abstract

Background Apathy worsens with age and cognitive decline, particularly in Alzheimer’s, leading to functional
and cognitive deterioration. Comprehending its broad impact is vital for customized, preventive treatments.

Methods The study examined 214 adults divided in three groups—Mild Cognitive Impairment, mild Alzheimer’s,
and controls—using neuropsychological tests and questionnaires, with statistical and network analysis to explore
apathy’s links with other group variables related to demographics and treatment.

Results Notable differences were observed among the groups’ performance of administered tests. While inferen-
tial statistics failed to return a predictive model of apathy in mild Alzheimer’s, networks and cluster analyses indi-
cate that the demographic variables analysed have different importance at different times of disease progression
and that cognitive apathy is particularly prominent in AD-related decline.

Conclusions Network analysis revealed insights into dementia risk differentiation, notably the impact of sex

and demographic factors, beyond the scope of traditional statistics. It highlighted cognitive apathy as a key area

for personalized intervention strategies more than behavioural and emotional, emphasizing the importance of short-
term goals and not taking away the person’s autonomy when not strictly necessary.
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Background

Apathy is defined as a quantifiable reduction in goal-
directed activity characterized by at least two of the
following impaired dimensions: behaviour/cogni-
tion, emotion, and social interaction [1]. Furthermore,
deficits should persist for four weeks and not be due
to other factors [2-4]. Also, apathy intensifies with
advancing age in individuals with normal and com-
promised cognitive abilities [5] and is prevalent in
depressive states [6]. A lower educational background
is associated with elevated apathy levels [7], although
its prevalence across sexes remains to be defined [6]. In
cognitive impairment, apathy is highly prevalent, per-
sistent, burdening, and strongly linked to mortality [8].

Apathy stands out as a principal non-cognitive mani-
festation of Alzheimer’s Disease (AD) [9, 10] and is
correlated with the AP pathology [11-13]. It also con-
tributes to decline independently of depression [14].
Apathy alone explains 27% of the variance in ‘instru-
mental abilities} and predicts faster cognitive and func-
tional deterioration [15, 16].

Recent studies and comprehensive reviews indi-
cate that apathy may contribute to the risk of cogni-
tive decline, even among the general population, with
a significant link to impairments in executive functions
[17]. Higher levels of apathy in Mild Cognitive Impair-
ment (MCI) double the likelihood of developing AD,
independent of depression [14, 18, 19]. Moreover, lon-
gitudinal studies demonstrate that persistent apathy is
associated with a rapid one-year functional decline in
patients with either AD, dementia with Lewy bodies,
Huntington’s Disease, or Parkinson’s Disease [20-23].
In this context, several researchers attempted to pin-
point specific aspects of apathy, such as diminished
interest, reduced initiative, and emotional dullness, as
components contributing to the progression of cogni-
tive impairment [24].

Indeed, patients presenting a lack of interest show a
higher conversion rate to AD, even after controlling for
age, sex, and education [25]. A decrease in intellectual
curiosity, defined as a reduction in daily productivity and
lack of initiative, is also associated with poorer cogni-
tive performance [26]. These observations align well with
new ways of understanding apathy, viewing it as a mis-
perception of available energy for behavioural, cognitive,
and emotional tasks [27]. According to this perspective,
effort-based decision making for reward is crucial to ana-
lyse motivated behaviour and its disturbances, promot-
ing a neurobiological-driven transdiagnostic approach
for understanding, assessing, and treating apathy with
specific tools [28]. This may also explain the strong con-
nection between apathetic symptoms and neuropatho-
physiological pathways.
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However, experts differ in their views on how various
aspects of apathy predict cognitive health conditions.
This uncertainty could result from limitations in the
research, such as small participant groups, the absence
of follow-up studies, or the lack of comparisons between
subjects with impairments and those without [29]. Fur-
thermore, the unclear categorization of apathy com-
plicates understanding which aspect most significantly
impacts cognitive decline [30]. These shortcomings hin-
der the development of targeted strategies for preven-
tion, early diagnosis, and pharmacological treatment of
apathetic symptomatology.

Hence, it is crucial to examine the interactions between
key variables across various stages of cognitive health
to pinpoint the most critical factors for observation,
evaluation, and intervention to foster healthy aging [31].
Employing Network Analysis, a technique that maps
the interplay of symptoms to determine their significant
effects on health outcomes, can facilitate this process
[32-34]. For instance, van Wanrooij et al. utilized this
methodology to investigate the interrelations among apa-
thy, depression, dementia, and functional disability. Their
research found significant links between apathy, mood
disturbances, and functional challenges, with future
dementia being linked to apathy, mediated by depression
[35].

Our study aims to extend previous knowledge by com-
paring the network structures of individuals with healthy
cognition, MCI, and various stages of AD. Network Anal-
yses were conducted on corresponding samples of older
adults (healthy control, MCI, and AD), incorporating
demographic (age, sex, education) and clinical (general
cognitive performance, executive functioning, depressive
symptoms, apathy, comorbidity, pharmacological treat-
ment, rehabilitation) variables. Specifically, apathy was
explored by considering the items composing its psycho-
metric measure, to identify possible critical roles played
by single dimensions.

Methods

Participants

The sample included 214 adults divided into three
groups: an amnesic MCI group (size=77, 54 Females
and 23 Males, mean age of 75.53+7.3), a mild AD group
(size =30 patients, 19 females and 11 males, mean age of
76.33+6.4), and a Control group (size=107, 78 Females
and 29 Males, with a mean age of 74.06 + 6.8).

The MCI and mild AD groups were enrolled at a spe-
cialized public service for cognitive impairment, called
“U.0.S. Centro Alzheimer e Psicogeriatria’, ASP3 Cata-
nia, Italy.

Cognitive diagnoses were clinical and not biologi-
cal. Specific inclusion and exclusion criteria were used
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following the protocols of the National Institute of Aging
(NIA) and the Alzheimer’s Association Work Group for
amnesic MCI and AD [36]. In more detail, criteria [37]
for clinical diagnosis of amnesic MCI were taken into
account as follows:

— Cognitive concern reflecting a change in cognition
reported by patient or informant or clinician.

— Objective evidence of impairment in one or more
cognitive domains, typically including memory.

— Preservation of independence in functional abilities.

— Absence of dementia.

Criteria for clinical diagnosis of probable AD, instead,
were the following [38]:

— Cognitive or behavioural symptoms that interfere
with the ability to function at usual activities, rep-
resent a decline from previous levels of functioning
and performing, and are not explained by delirium or
major psychiatric disorders.

— Cognitive impairment detected through a combina-
tion of history-taking from the patient and a knowl-
edgeable informant, and an objective cognitive
assessment.

— Cognitive or behavioural impairment involving a
minimum of two among impaired ability to acquire
and remember new information, impaired reasoning
and handling of complex tasks, impaired visuospatial
abilities, impaired language functions, and changes in
personality.

— Insidious onset.

— Clear-cut history of worsening of cognition by report
or observation.

— Initial and most prominent cognitive deficits show-
ing either an amnestic presentation (the most com-
mon), or non-amnestic presentation.

— Absence of cerebrovascular disease, dementia with
Lewy bodies, prominent features of behavioural vari-
ant frontotemporal dementia, prominent features of
semantic variant primary progressive aphasia or non-
fluent/agrammatic variant primary progressive apha-
sia, and absence of other concurrent neurological,
non-neurological, or medications that could inter-
fere.

Patients were tested on their scheduled appointments
at the service with the Italian standardized version of
the Mini-Mental State Examination (MMSE) [39, 40]],
which, according to the Italian AIFA (Agenzia Italiana
del Farmaco) guidelines [41], is the recommended test for
cognitive deterioration staging. Indeed, this test was spe-
cifically used only to screen prospective participants and
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preliminarily divide them into Control, MCI, and mild
AD groups. Such division was then confirmed by con-
sidering both clinical history and performance at other
neuropsychological tests, consistently with the guidelines
cited previously.

Older individuals with a total MMSE age- and educa-
tion-adjusted score>18 and<28 were included, while
patients with a recent history of cerebral ischemia and
psychotic episodes were excluded. As a result, 107 amne-
sic MCI and mild AD subjects were enrolled in the study.
The Control group, instead, was made up of 107 healthy
volunteers with a MMSE score >28. Coherently with the
cited guidelines, with DSM-5-TR [42] and with ICD-11
[43], their clinical history, cognitive performance, and
daily functioning were considered for confirming their
healthy status and excluding mild neurocognitive disor-
der. Information on their usual autonomy was collected
from both the participant and a knowledgeable person.
Moreover, MoCA total score above 26 was considered
as an additional warranty for the absence of a concurrent
pre-clinical cognitive decline, as a total score of 26 was
more conservative than all the other cut-offs proposed
for Italian population for discriminating healthy subjects
from MCI [44, 45].

All participants signed an informed consent and were
tested individually in a single session by expert clini-
cal psychologists trained in dementia. After screening,
more women than men were enrolled in the study, which
reflects the Italian and global sex prevalence of cognitive
impairment [46].

Procedures and measures

Tests and questionnaires were administered to patients
with MCI, and mild Alzheimer’s Disease and the Control
group by trained psychologists.

The Mini-Mental State Examination (MMSE) [39, 40] is
a widely used screening tool to assess cognitive function-
ing and detect cognitive impairment. The MMSE consists
of a series of questions and tasks that measure different
cognitive domains, including orientation, information
recording and recall, attention and calculation, language
skills, and visuo-constructive skills. The maximum pos-
sible score on the MMSE is 30 points, with higher age-
and education-adjusted scores indicating better cognitive
function.

The Montreal Cognitive Assessment (MoCA) [47,
48] is a rapid screening tool for assessing overall cogni-
tive functioning, and specifically for MCI. It measures a
range of cognitive domains, such as attention, concentra-
tion, executive functions, memory, language, visuospatial
skills, abstraction, calculation, and orientation. The scor-
ing system assigns a maximum of 30 points, with an age-
and education-adjusted score of 26 or above considered
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within the normal range. However, in our study we took
into account the specific cut-off scores of southern Italian
population, which are lower than 26, as our participants
belonged to that specific geographical area. In more
detail, optimal cut-off for a diagnosis of probable AD was
a MoCA score<14, while optimal cut-off for probable
cognitive impairment was a MoCA score <17 [44].

Frontal Assessment Battery (FAB) [49] is a hetero-
administered test useful for assessing specific frontal
functions such as conceptualization (analogies), lexical
fluency, motor series, interference sensitivity, inhibi-
tory control, and environmental dependence. Scores
from O (task failure) to 3 (no errors) are given. Once the
scores are summed, an adjustment is made for age and
schooling.

Hamilton Depression Rating Scale (HDRS) [50] is a
21-item hetero-administered scale in which different
affective components are explored in assessing the sub-
ject’s depressive state. A score <7 indicates no depression;
between 8 and 17 indicates mild depression; between 18
and 24 moderate depression; > 24 severe depression.

The Apathy Evaluation Scale (AES-C) [2, 51] is a
4-point Likert scale featuring 18 items, requiring approx-
imately 10—20 min for administration. The Clinician Ver-
sion designates item categorization in the right column
as B (behavioural item), C (cognitive item), or E (emo-
tional item). Items are phrased with positive or negative
syntax (+or—), with most leaning towards the positive
side. The Self-evaluation (SE) and quantifiable (Q) items
are identified in the right column of the AES-C. Scores
on the AES-C span from 18 to 72, and the cut-off score
varies from 39 to 41, depending on the AES version used.
The clinical correlation suggests that these cut-offs may
be slightly conservative. In this study, the AES-C was
compiled by a clinician after a semi-structured interview
with the patient to ensure accurate symptom reporting,
especially in cases of depression or apathy.

The English version and the recent Italian version (used
here) [51] are provided as Supplementary Material.

In addition to these, other variables were also included
in the network models for all three groups. Those in com-
mon to all three groups were the sex of the participants/
patients, age, and level of schooling. Only for the MCI
and mild AD groups, also the presence of comorbidities,
whether they were undergoing pharmacological treat-
ment, and whether they were doing neurocognitive reha-
bilitation was considered. Comorbidities were related
to depressive and anxious symptomatology only in six
MCI patients, who were treated with second-generation
antidepressants for more than three months (vortiox-
etine 5-10 mg/die or escitalopram 5-10 mg/die). Only
26 MCI patients out of 77 were treated with low dosages
of cholinesterase inhibitors (donepezil 2.5-5 mg/die or
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rivastigmine patch 4.6 mg/die) administered for more
than three months. The cohort of 30 mild AD patients
was recruited in the absence of or just before the starting
of any treatment with cholinesterase inhibitors. Rehabili-
tation was based on weekly sessions of cognitive stimula-
tion. Sex, comorbidities, pharmacological treatment, and
rehabilitation were treated as dichotomous categorical
variables.

The network models discussed below serve two main
purposes. First, they begin with what are termed ‘generic’
models, which use the Apathy Evaluation Scale based on
a total score — this score is the sum of individual item
scores. This approach enables the integration of findings
from conventional statistical methods with network anal-
ysis insights, particularly regarding how demographic
and neurocognitive factors relate to apathy. Second, more
detailed models were developed, breaking down the Apa-
thy Evaluation Scale into individual items, along with the
other previously mentioned variables. This allows for a
more nuanced understanding of how specific aspects of
apathy — cognitive, emotional, and behavioural — dif-
ferentially impact cognitive decline. By creating a more
complex network model that maps these detailed inter-
actions, it is possible to highlight the distinct roles these
components play at different stages of disease progres-
sion, even if the cross-sectional design of our study did
not allow to draw any inference on their specific role over
time.

Statistical analysis

The data were analysed quantitatively to extrapolate
descriptive information from the sample using mean,
standard deviation, and percentages. The raw scores of
the three neuropsychological tests (MoCA, MMSE, and
FAB), unadjusted for age and schooling, and the overall
and individual item scores of the AES were compared
between the control group and the other two groups with
independent samples t-tests. The decision to use test
scores unadjusted for age and schooling stems from the
fact that statistical and network analyses would already
have included age, gender, and schooling as stand-alone
variables. Ignoring this detail could have led to multicol-
linearity effects.

Secondly, analysis of variance (ANOVA) was also per-
formed. The normal distribution of the variables was
checked using the Shapiro—Wilk test (p>0.05 for the
assumption of normality). Homogeneity of variance was
established using Levene’s test (p>0.05 for the assump-
tion of equal variances). The correlation analysis between
the variables was carried out according to the results of
the demographic and distribution analyses.

A regression analysis was conducted to identify in
each group whether the overall apathy score could be
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predicted by the other variables considered. Individual
items were not included in the model in order not to cre-
ate multicollinearity effects given the nature of the fac-
torial model already identified in the Apathy Evaluation
Scale.

Then, we analysed whether the errors/residuals were
normally distributed and independent to assess the
option of applying robust regression methods. Finally,
the best model was chosen using Akaike’s Criterion. The
effects of the predictors are considered significant at a
p<0.05 level.

In the end, a Clustering Analysis Algorithm and a Prin-
cipal Component Analysis were performed to evaluate if
there were any characteristics or a combination of those
that could express the differences between the three
groups.

All statistical analyses were conducted using SPSS
version 28.0 (SPSS Inc., Chicago, IL, United States) and
RStudio software (Version 4.3.2, 2023—-10-10).

Network analysis

Two network models were estimated for each group, six
in total. The structure of the networks represented by
the models was compared both visually and by compar-
ing the differences in the amount of variance explained
for each variable and in the significance of the edges. The
networks represent graphical mixed models (GMMs)
consisting of a parameterized joint probability density
given by the combination of continuous and categorical
discrete variables [52]. The resulting network structure
reveals direct associations between variables and allows
questions to be asked about the selection, classification,
and influence of and between nodes (variables).

All relations represented are pairwise interactions
(k=2). This means that the edges (links) are the esti-
mated relationships between the variables taken two by
two (partial correlations) controlling for all other varia-
bles in the network. The absence of an edge between two
variables is a sign that they are conditionally independent
given all the others.

The networks in their estimation were subjected to two
different types of regularisations. For the control group, a
LASSO regularisation was used as the sample was larger
and it was decided to control for possible spurious con-
nections [53].

For the group with Mild Cognitive Impairment and
mild Alzheimer’s Disease, having a smaller number of
subjects, k-fold cross-validation (10 folds) was used to
limit Lq-penalisation in the estimation of false positives.
This method divides the dataset into 10 random parts.
Nine of these are used for learning and one-tenth for
testing. The procedure is then repeated 10 times, each
time using a different tenth for testing [54].
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The “qgraph” package was used to represent the net-
works [55]. Two layouts were used: (i) the first in which
the Apathy Evaluation Scale is represented with its total
score, place all nodes in a circle (R code: layout=“cir-
cle”); (ii) the second, in which the AES was represented
with each of its items, is determined by the Fruchter-
man and Reingold algorithm [56], which transforms the
network into a system of particles with mass (R code:
layout =“spring”).

A predictability representation (i.e., nodes predict-
ability) was added to each node in the network. This
measures how much variance of each node is explained
by the variables with which it has connections [57].
High predictability values indicate that this variable is
well explained by the variance of others. For continuous
variables, R2 was used (i.e., the proportion of variance
explained), and for dichotomous variables, accuracy/
corrected classification (“CC”) was used as a form of
predictability along with normalized accuracy (“nCC”).

Next, centrality measures were calculated for each
network: the “Strength of centrality” (SC) which con-
sists of the number and weight of connections of each
node. If a variable has more connections or ‘thicker’
connections (with a very positive or very negative
value), it means that it will influence and/or be influ-
enced by many other variables or few but strongly.
“Betweenness centrality” (BC) is the parameter that
indicates how much a node is included in the ‘shortest
paths’ between other nodes and indicates which nodes
bridge, thus facilitating the connection between others
in the network. “Expected Influence” (EI) seeks to eval-
uate the character and extent of a node’s overall influ-
ence within the network, and consequently, the role it
is anticipated to play in the network’s activation, persis-
tence, and resolution [58].

To interpret these measures and assess stability, boot-
straps were performed for each network using the "boot-
net" package by simulating a sample size of #=500. The
indices of the bootstrapped sample and its subgroups
were then correlated with those of the actual sample of
subjects. Correlation values above 0.5 are considered
acceptable.

Finally, after transforming the networks into igraph
objects [59], we ran a clustering algorithm to explore
the presence of different structures in the connectivity
between the three networks. Clusters of nodes represent
groups of variables (sub-networks) that are more con-
nected to each other and can therefore be affected more
quickly when factors that change the network equilib-
rium intervene. We used the “walktrap” algorithm [60]
that identifies clusters through random walks between
connections in the network. Several estimations were
performed with increasing steps and then the number
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that resulted in the first stable number of clusters was
chosen.

Results

Descriptive and inferential analysis

The demographic analyses of the sample are reported in
Table 1. The numerosity of the sample of the mild Alzhei-
mer’s group respects the prevalence of this disease in the
Italian population [61]. Specifically reported, is the find-
ing that in the three groups, from the Controls to subjects
diagnosed with mild AD, the average education decreases
in a statistically significant manner (from 10.29+5.8 to
6.87+4.2 years of schooling, p=0.004). Moreover, the
MCI and mild AD groups displayed comorbidity with
anxiety and/or depression-related symptoms, 24% and
30% respectively. More than half of both groups (58.4%
MCI and 73.3% mild Alzheimer’s) were enrolled in neu-
rocognitive rehabilitation and 33% of the subjects in the
MCI group were treated pharmacologically.

Particularly in the MCI and mild AD groups, most of
the variables were not normally distributed.

The non-parametric ANOVA and the Kruskal-Wallis
post-hoc test conducted showed significant differences
between all three groups for all the variables analysed.
In particular, the three groups displayed statistical dif-
ferences related to the cognitive tests (MMSE: Control
vs. MCI, F=4.39 p<0.0001, MCI vs. mild Alzheimer,
F=2.94 p<0.0001; MoCA: Control vs. MCI, F=10.43
»<0.0001, MCI vs. mild Alzheimer, F=4.77 p<0.0001;
FAB: Control vs. MCI, F=4.85 p<0.0001). FAB mean
scores were not significantly different between MCI and
mild Alzheimer’s patients (F=1.73 p=0.059).
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The Hamilton Depression Rating Scale revealed sig-
nificant score differences across the groups: the MCI
group scored 7.28 points higher (p <0.0001), and the mild
Alzheimer’s group scored 2.39 points higher (p=0.034)
compared to the Control group. Finally, the Apathy Eval-
uation Scale score increased compared to the Control
group by 7.31 points for MCI and 14.1 points for patients
with mild Alzheimer’s Disease (both p <0.0001). In Fig. 1
we report the chart representing, at the same time, the
sample of controls and patients highlighting both the
relationships between MoCA and the Apathy Evaluation
Scale and between MoCA and the Hamilton Depression
Rating Scale.

Correlation analysis was first performed on the entire
study population confirming the literature on apathy
and neurocognitive tests in Alzheimer-type degenerative
dementia. The correlation matrix with only the signifi-
cant values can be found in Fig. 2.

The total Apathy scale score tends to decrease with
increasing global cognitive level and education. High
Apathy scores, on the other hand, correlate with patients
who have a more severe diagnosis, and comorbidities,
follow drug treatment, do neurocognitive rehabilitation,
and have higher Hamilton Scale scores.

Analysing the correlations by separating the three con-
ditions (Fig. 3), important differences can be noticed:
the Control group and the MCI group maintain the
trend observed globally in which apathy increases with
increasing depressive symptomatology and decreases
with increasing education, and particularly the FAB score
(rather than the MoCA and MMSE). In the group with
mild AD, on the other hand, the correlation analysis does
not provide any information on apathy symptomatology.

Table 1 Table with demographic data of the three different groups recruited in the study

Demographics Control Group

Mild Cognitive Impairment Mild Alzheimer’s Disease

Sample Percentage Sample Percentage Sample Percentage

Sample size 107 100 77 100 30 100

Females 78 729 54 70.1 19 63.3

Males 29 27.1 23 299 1 36.7
Mean Age 74.06+6.8 7553+73 7633164
Years of Education

- Mean Education 10.29+5.7 8.56+4.4 6.87+4.2

- Primary school 42 39.1 35 455 17 56.5

- Secondary school 14 13.1 18 234 7 234

- High School 22 20.5 15 19.5 4 133

- University and more 29 27.1 9 1.7 2 6.6
Comorbidity 0 0 19 24.7 9 30
Under Treatment 0 0 26 338 0 0
Doing Rehabilitation 0 0 45 584 22 733
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with the size of the circle

The same was observed for the regression analysis. A
robust regression method was used in R as the residuals
were not normally distributed. The best-predicting Apa-
thy model in each group was then chosen using Akaike’s
criterion. In the Control group, the model (AIC=371.22)
predicted the construct of Apathy with an accuracy of
50% (R?*=0.495; p<0.001) using “Hamilton’, “Educa-
tion’, and “MMSE” as predictors. On the other hand, in
the MCI group, the model selected (AIC=343.04) had
a lower predicting strength of 26% (R*>=0.263; p <0.001)
with “Hamilton’, “MMSE’, and “Age” as the principal pre-
dictors. The accuracies of the two models are considered
acceptable in the field of psychological sciences [62].

The robust regression applied to the mild Alzheimer’s
group failed in returning a predictive model for the Apa-
thy construct. A further analysis performed only in the
mild Alzheimer’s group involved a K-MEANS unsu-
pervised classification/clustering technique which was
unable to give a satisfactory breakdown reflecting the
division of the three diagnoses and a Principal Com-
ponent Analysis which, in turn, showed much overlap
between most of the components. These results did not
allow for more specific differentiating information and
finding ‘unique’ patterns of the Apathy construct in the
three groups. Network models were run precisely to
overcome these limitations.

Complete information can be found in the Supplemen-
tary Material where all the R-codes used for the analyses
and the results with graphs are provided.

Network analysis results

The Network analysis conducted in the three different
groups showed differences in the way that the Apathy
construct was related to the other demographic and

neurocognitive variables. The Apathy Evaluation Scale
has been represented item-per-item in the network
analysis and the total score was not included to avoid
the problem of spurious correlations. Before doing so,
three more models were represented (Fig. 4) in which
all the variables were positioned in a “circle” layout.
The control group network in Fig. 4 (left) illustrates
well-established associations between demographic
variables and neurocognitive tests as documented in
the literature. For the Control group, we observe that
education level is positively associated with scores on
global cognitive function assessments and the FAB,
while age is negatively related to these scores, with a
stronger effect on the MoCA and MMSE than on the
FAB. This set of associations shifts significantly within
the MCI patient network, where the FAB remains the
only neurocognitive test positively associated with both
education level and sex Male patients tended to per-
form better than female patients, consistent with recent
FAB recalibration data [63]. As observed in other stud-
ies [64] using different scales to evaluate apathy, this
construct shows a negative association with education
level. In our study, this relationship is noted only in the
Control group. This first analysis confirms the robust
regression for the Control, MCI, and mild Alzheimer
group because, for the last one, no pair-wise correlation
was found between the Apathy Evaluation Scale node
and the other variables. Below are the results of the
network analysis for each group investigated.

Since after bootstrapping each model, the Between-
ness centrality index was the least stable, Strength
Centrality and Expected Influence were used as param-
eters to assess the greater importance of one node over
another in the network models.
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Fig. 4 network analysis of the three groups (Control on the left, MCl in the middle and mild Alzheimer on the right) keeping the Total Score

of Apathy Evaluation Scale. Nodes represent the variables used to calculate the network model; Lines between nodes are the edges: partial
correlations between variables (thicker the edge, greater the correlation value); green edges: positive correlations; red edges: negative correlations;
black-coloured edges: partial correlations between dichotomous and continuous variables. Predictability value was represented by a ring

around each node. The blacker the ring, the more variance of the variable is explained by the other connected nodes

Control group network same time. Graphically the nodes representing the
The Network of the Control Group (Fig. 5) resulted Apathy Evaluation Scale (nodes from 1 to 18) occupied
in the densest (density index=0.278, number of the right part of the network, leaving neurocognitive
edges=77) between the three groups and with the low-  variables and the general information (demographics)
est number of clusters (n=2) detected by the walktrap in the left part. The nodes with the highest Expected
algorithm. It is therefore a network that can adapt and  Influence centrality are 7 (item 7: S/he approaches life
change; not static, but one in which disturbances (posi-  with intensity; EI=0.963) and 17 (item 17: S/he has
tive and negative) spread faster. Furthermore, there is initiative; EI=1), followed by node 13 (item 13: Get-
no parcellation of information due to many clusters; ting together with friends is important to him/her;
this leads to nodes being very much in contact and EI=0.885), node 11 (item 11: S/he is less concerned
interacting with each other from multiple paths at the

Control group

Clusters and Expected Influence

Apathy Evaluation Scale
1: ltem 1
2: Item 2
3:ltem 3
4: ltem 4
5:ltem 5
6: ltem 6
7:ltem7
8:ltem 8
9: ltem 9
10: Item 10
11: Item 11
12: Item 12
13: ltem 13
14: ltem 14
15: ltem 15
16: Item 16
17: ltem 17
18: Item 18
Depression
19: HDRS
General Informations
20: Age
21: Sex
22: Education
e Neurocognitive
O 23: Moca
© 24:FAB

Fig. 5 Part A: Network of the Control group. Nodes represent the variables used to calculate the network model; Lines between nodes are

the edges: partial correlations between variables (thicker the edge, greater the correlation value); green edges: positive correlations; red

edges: negative correlations; black-coloured edges: partial correlations between dichotomous and continuous variables. Predictability value
was represented by a ring around each node. The blacker the ring, the more variance of the variable is explained by the other connected nodes.
Part B: representation of the clusters identified through the walktrap algorithm. Black edges: intra-cluster connections; red edges: inter-cluster
connections. The size of the nodes reflects the value of “Expected influence”. The bigger the higher
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about her/his problems than s/he should be; EI=0.830
and node 20 (Age) which is the node in the most cen-
tral position.

Additionally, nodes 7 and 17 have no edges between
them and belong to two different clusters (Fig. 2, part
B). Node 19 (HDRS) has really few connections with all
the other variables of the Network and is one of the less
important, meaning that the construct of Apathy depres-
sion symptomatology has a low impact in this group. Pre-
vious statistical analyses have indeed shown that there
is a clear difference between Apathy and Depression in
their prevalence among the three groups.

MCI group network

MCI patients Network (Fig. 6) had a smaller number of
edges, 65, and a lower density index: of 0.185. Increased
compared to the control group was also the number of
clusters identified: 3 and 1 node (20-Age) isolated from
the network that forms a cluster itself (Fig. 3, part B). The
nodes of the AES scale are still compact although sev-
eral changes were seen possibly due to the inclusion of
new dichotomous variables that were not present in the
control group: Comorbidity (node 23), Treatment (node
24), and Rehabilitation (node 25). The two neurocogni-
tive nodes (nodes 27-28) and the depression scale (node
19) retain a minimal influence on the network dynamics.
Compared to the previous network, node 20 (Age) also
loses importance completely and is replaced by node

Mild Cognitive Impairment group

.
o
o
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21 (Sex). The nodes with the highest values of centrality
measures are: 21 (Sex, EI=1), 9 (item 9: S/he spends time
doing things that interest her/him.; EI=0.640), 16 (item
16: Getting things done during the day is important to
her/him, BC=0.584, and 17 (item 17: S/he has initiative,
EI1=0.592).

Mild Alzheimer Disease’s group network
Mild Alzheimer group’s Network (Fig. 7) had the lowest
number of edges, 41, with a density index of 0.126. The
network is less diffuse and more specific; all the vari-
ous groups (AES items, demographic information, and
neurocognitive variables) are separated from each other
into small worlds. Cluster analysis now shows 6 clus-
ters but only two of them (light blue and red) contain
variables with high scores for centrality (Fig. 7, part B).
In this model, the centrality analyses had a correlation
index greater than 0.5 up to a 40% reduction. In contrast,
betweenness centrality was highly unstable.

The two nodes that are more important are: node 23,
Comorbidity (EI=1) and node 10 (item 10: Someone has
to tell her/him what to do each day; EI=0.979) which
together with node 24 (Rehabilitation) form a separate
cluster. In this cluster, the aspect of abulia takes shape
and becomes central, a characteristic feature of apathy
in Alzheimer’s disease and here linked to the presence of
comorbidity and node 8 (item 8: Seeing a job through to
the end is important to her/him).

Clusters and Expected Influence

Apathy Evaluation Scale
1: ltem 1

2:Item 2

3: Item 3

4: ltem 4
5:ltem 5

6: Item 6
7:ltem7
8:Item 8

9: ltem 9

10: Item 10

11: Item 11

12: Item 12

13: Item 13

14: Item 14

15: ltem 15

16: Item 16

17: Item 17

18: Item 18
Depression

19: Hamilton
General Informations
20: Age

21: Sex

22: Education
23: Comorbidity
24: Treatment
25: Rehabilitation
Neurocognitive
26: Moca

27: FAB

Fig. 6 Part A: Network of the MCI group. Nodes represent the variables used to calculate the network model; Lines between nodes are the edges:
partial correlations between variables (thicker the edge, greater the correlation value); green edges: positive correlations; red edges: negative
correlations; black-coloured edges: partial correlations between dichotomous and continuous variables. Predictability value was represented

by a ring around each node. The blacker the ring, the more variance of the variable is explained by the other connected nodes. Part B:

representation of the clusters identified through the walktrap algorithm.

Black edges: intra-cluster connections; red edges: inter-cluster connections.

The size of the nodes reflects the value of “Expected influence” The bigger the higher
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Clusters and Expected Influence

Apathy Evaluation Scale

1:
2:
3:
4:
5:
6:
7:
8:
9:

15

Depression

19

General Informations

20
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22
23
24

Item 1
Item 2
Item 3
Item 4
Item 5
Item 6
Iltem 7
Item 8
Item 9
: ltem 10
:ltem 11
: ltem 12
: ltem 13
: ltem 14
: ltem 15
: ltem 16
:ltem 17
: ltem 18
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: Age

: Sex
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: Comorbidity

: Rehabilitation
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O 25: Moca
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Fig. 7 Part A: Network of the Mild Alzheimer group. Nodes represent the variables used to calculate the network model; Lines between nodes
are the edges: partial correlations between variables (thicker the edge, greater the correlation value); green edges: positive correlations; red
edges: negative correlations; black-coloured edges: partial correlations between dichotomous and continuous variables. Predictability value
was represented by a ring around each node. The blacker the ring, the more variance of the variable is explained by the other connected nodes.
Part B: representation of the clusters identified through the walktrap algorithm. Black edges: intra-cluster connections; red edges: inter-cluster
connections. The size of the nodes reflects the value of “Expected influence”. The bigger the higher

Apart from these, other nodes that share comparable
centrality values are 17, 16, 1 and 8. All these AES Scale
items share the common characteristic of belonging to
the Cognitive Apathy score.

Discussion

This study sought to deepen our understanding of how
symptoms and demographic factors interact across vari-
ous stages of cognitive decline, focusing especially on the
role of apathy. Due to the complexity of this subject, we
conducted a variety of analyses.

Firstly, most variables in the MCI and mild AD groups
were not normally distributed. This can be explained
both because the control group is the largest, and because
patients with complex diseases tend to have greater
symptomatic variability. Our results are in line with exist-
ing studies and highlight that as individuals approach
AD, they exhibit increased severity in terms of lower
educational levels, reduced cognitive test performance,
and greater occurrence of comorbid conditions, depres-
sion, and apathy. Notably, individuals with MCI showed
higher levels of depression compared to those with mild
AD, who, conversely, demonstrated greater apathy. This
reinforces the understanding that depression and apathy
are two separate clinical aspects of cognitive impairment,
necessitating independent measurement and treatment.
Careful consideration is required as one condition can
mimic the effects of the other in such disease [65]. Also,

executive dysfunction did not differ significantly between
the MCI and mild AD groups. Our MCI group’s aver-
age score on the FAB was below the threshold, indicat-
ing a possible sampling bias. This bias might have led to
the inclusion of MCI patients with non-memory-based
initial symptoms, who may not necessarily progress to
AD. Nonetheless, symptoms of executive dysfunction are
crucial and must be closely monitored to lower the risk
of progression to dementia due to the reduction of the
patient’s independence [66].

Our findings align with existing research and show a
significant increase in apathy levels linearly correlated
with clinical deterioration. However, when examining the
three groups separately, both controls and older individu-
als with MCI displayed similar patterns of apathy. This
supports the theory that there is a critical period, from
healthy cognitive function to MCI, during which the risk
of progressing to more severe conditions can be miti-
gated through targeted interventions [67]. Conversely,
within the mild Alzheimer’s Disease group, we observed
a breakdown in relationships and information, with no
predictive models for apathy emerging. Additionally,
attempts to identify patterns in the data using automatic
search algorithms did not yield distinct behavioural dif-
ferences among the variables in the mild Alzheimer’s
group.

Thus, we conducted a Network Analysis to gain a
deeper understanding of the clinical characteristics of
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participants in the Control, MCI, and mild AD groups.
Initially, we evaluated apathy using a single overall score.
Through this approach, our network analysis validated
the findings of regression analyses, identifying Hamil-
ton (depression scale), Education, and MMSE as signifi-
cant predictors of apathy in the control group; Hamilton,
MMSE, and Age in the MCI group; with no significant
predictors found in the mild AD group. These insights
highlight a notable shift in the demographic factors
influencing apathy from healthy individuals to those
with MCI. Education emerges as a modifiable risk fac-
tor that can be targeted to mitigate apathy before cog-
nitive decline begins, while age, an unmodifiable factor,
underscores the progressive nature of these conditions.
For individuals with healthy cognition, there is greater
potential to prevent apathy by focusing on mood, edu-
cation, and cognitive engagement. In contrast, for those
in the initial stages of cognitive decline, interventions
might need to concentrate more on mood and cognitive
engagement. Nevertheless, independent of cognitive sta-
tus, monitoring for depressive symptoms remains a criti-
cal aspect of care. Given the absence of predictive models
in mild AD, individual items of the AES scale were inte-
grated into subsequent networks. The network of the
control group (Fig. 5) emerged as the densest among the
three groups, with the lower number of clusters, there-
fore the most non-specific in which there is a high degree
of integration between psychological constructs, apathy
components, and demographic variables that may affect
these. Consequently, this predicts greater adaptability
and responsiveness to environmental factors and height-
ened susceptibility to both positive and negative trig-
gers. The close graphical positioning of the AES nodes
in relation to neurocognitive and demographic variables
was particularly striking. The strong link between apathy
and cognitive performance is consistent with previous
research [26, 68], which has established a solid relation-
ship between the two, especially concerning intellec-
tual curiosity in healthy older adults. Furthermore, in
the control group, it was found that the most important
nodes belonged to all three components of apathy. This
implies that in the healthy population, a worsening of this
symptomatology or changes in the network can result
from both emotional, cognitive, and behavioural/social
aspects.

The most central AES nodes were the desire to learn,
acquire new information, take initiative, and live
intensely, while the least central, only acquiring some
importance in the Alzheimer network, was node 10:
“Someone has to tell me what to do each day” In fact, in
AD, apathy also occurs in the form of abulia [69]. More
importantly, by moving from one group to the other,
node 10 moves from a completely peripheral position
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to being one of the most important nodes in the Alzhei-
mer’s Disease Network. Moreover, this node is extremely
dependent on node 23 (Comorbidity) and node 8. Inter-
estingly, item 8 of the Apathy Evaluation Scale refers to an
interest in following a job/objective all the way through
and seeing it through to completion. Increasingly, in peo-
ple with Alzheimer’s disease, the environment tends to
remove the ability to perform tasks independently sooner
rather than later [70]. While this leads to greater peace of
mind for the caregiver and institutions, it also makes the
patient’s apathy and abulia progress faster.

The analysis of the MCI network (Fig. 6) revealed
notable differences compared to the control group.
Despite adding new binary variables, the network for
MCI showed a lower density index, indicating weaker
interconnectivity and a reduced propensity for change.
Moreover, the centrality of age decreased, while sex took
a more prominent role becoming a key element of the
network. This observation highlights the importance of
factors related to sex in the risk of progressing to demen-
tia. Identifying sex as a key factor could serve as an early
marker for stratifying dementia risk [71, 72], which in
turn could help create more personalized and effective
treatment strategies. By including sex-specific variables
in the assessment of dementia risk, we can enhance the
precision of risk evaluations and design interventions
that more accurately target individual risk profiles.

In comparison, the network analysis for mild AD
patients (referenced in Fig. 7) showed a marked decrease
in both network density and the number of clusters. This
reduction signifies a loss of functional specificity and
adaptability within the network. As a result, there are
fewer options for targeted therapeutic interventions for
AD patients. As comorbidity plays a predominant role
in the network, the presence of depressive and anxious
symptoms or other pathologies must be closely moni-
tored and treated effectively, as they can affect rehabilita-
tion, which in turn is the main means by which one can
influence apathetic symptoms in this group. However,
certain aspects, such as approaching life with intensity,
and having initiative and motivation remain consistent
and vital. This could provide a fundamental basis and a
clear indication for clinicians to establish short-term
daily goals.

The most interesting aspect remains the transforma-
tion and increase of clusters between the three stages,
almost signifying an increase in the specificity and com-
partmentalization of information requiring more vari-
ables and information in each cluster to bring out the
underlying latent factors. Compared to the study by Tosi
et al,, 2024 [73], this article found a higher number of
network communities as cognitive impairment increased,
along with a decrease in connection density, suggesting
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fragmentation rather than non-specificity. This phenom-
enon may be due to two main factors: first, the inclusion
of demographic, medical, and treatment-related variables
in the network for both clinically diagnosed groups [74,
75], reflecting their significant influence on apathy. Sec-
ond, apathy appears to manifest greater complexity and
individual variation in the Alzheimer’s disease group
compared to those with mild impairment or healthy
individuals.

This study suffered from some limitations, notably the
lack of a longitudinal design. Even if this shortcoming
was addressed by including three different samples with
distinct and progressive cognitive status, it was not possi-
ble to infer any role played by specific variables over time,
as not all Control developed MCI, and not all MCI devel-
oped AD. Future research should emphasize the inclu-
sion of retesting the same participants to verify changes
in clinical manifestations over time. The sample size
should be mentioned as well, especially for the mild AD
group. However, this limitation was addressed by imple-
menting analyses that took this number into account,
especially regarding network analyses that are sensitive to
sample size. Cross-validation techniques were used and
the stability of the centrality analyses of each network
model was checked with multiple models from bootstrap
samples. The indices were then correlated with those of
the original sample.

Conclusions

In sum, our research underscores the critical role of
apathy in cognitive impairment, enriching our com-
prehension of its interaction with clinical dimensions
across healthy individuals, those with MCI, and mild AD
patients. Through Network Analysis, we have brought
fresh insights related to the crucial importance of inter-
nal factors such as initiative and interest, especially in
healthy and MCI subjects, and their continued signifi-
cance in mild AD patients. These findings advocate for
behavioural treatments aimed at enhancing motivational
engagement, assisting individuals in engaging with daily
activities [76], and not taking away the possibility for
patients to demonstrate that they can perform certain
activities on their own. Additionally, our observations
in the MCI cohort suggest that apathy could serve as an
early indicator of the transition to dementia, highlighting
the need for future research to focus on disease-mod-
ifying drug interventions to prevent the transition from
MCI to AD [77]. In this context, longitudinal studies will
clarify the specific role played by each variable across dif-
ferent stages of deterioration, as this article suffered from
the limitations of cross-sectional studies and did not
allow to draw this kind of conclusion.
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Network Analysis further illuminates the criticality
of certain symptoms in forming the apathetic pattern,
paving the way for future research to identify the most
informative psychometric tool items. This approach
promises to refine screening and diagnostic protocols,
optimizing the balance between administration time,
participant fatigue, and clinical efficacy.

Moreover, our study underlines the importance of
demographic factors. This points to the necessity for
future studies to delve into sex differences in cognitive
impairment dynamics within MCI [78]. This approach
aims to suggest a new frontier for research in under-
standing MCI’s clinical dimensions and then help to
select MCI patients with biological markers of preclinical
AD for future clinical trials with disease-modifying drugs
(e.g. immunotherapy) [79]. Further analysis will combine
this with new Network Intervention Analysis approaches
to map via networks the interactions of drugs with vari-
ables describing the neurocognitive, affective, and envi-
ronmental interaction aspects of the disease [80].

Moreover, additional studies should be conducted to
elucidate the specific role of apathy in AD in mild AD
patients before starting any treatment with cholinest-
erase inhibitors (as planned in this study with a small
sample). This will also help to understand whether they
may affect apathetic symptoms, as recent studies have
not shown a definite correlation [81, 82].
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