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Abstract

Apathy is a highly prevalent and disabling neuropsychiatric syndrome, but its multi-dimensional structure is a challenge for
progress towards better identification and treatment. A crucial unresolved question is whether social disengagement reflects a
distinct deficit in social motivation or a by-product of diminished initiative or emotional blunting. Previous studies have been
constrained by modest sample sizes and limited use of apathy-specific instruments or phenotypically narrow cohorts. Here, we
analysed item-level data from 11,243 individuals recruited across multiple centres, including 1,154 neurological patients with
Alzheimer’s disease, Parkinson’s disease, frontotemporal dementia, autoimmune encephalitis and small vessel disease,
alongside people with depression and healthy adults. Across exploratory and confirmatory factor analyses, symptom-level
network modelling, and lifespan analyses, social apathy consistently emerged as a coherent and separable dimension. This
pattern was preserved across health, psychiatric, and neurocognitive cohorts, from adolescence through late life. Recognising
social apathy as an independent domain reframes a central aspect of mental health—the motivation to connect, care, and act
for others—and provides a foundation for more precise assessment and for interventions targeting both social and
neurobiological mechanisms.



Introduction

Apathy is a neuropsychiatric syndrome characterised by diminished goal-directed behaviour. It represents one of the most
prevalent and debilitating neuropsychiatric features of prodromal and established neurocognitive disorders (NCDs).* In older
people, its presence can not only be a marker of significant underlying neuropathology but also a key predictor of accelerated
functional decline and progression to dementia and death, imposing a profound societal and healthcare burden.*® There is
growing recognition that a spectrum of amotivational states is widely distributed throughout the general population, affecting
otherwise healthy adults across the lifespan.’®! Apathy is a distinct clinical entity, dissociated from phenomenologically
related conditions such as depression and anhedonia, highlighting the need for a precise characterisation of its core components
for targeted therapeutic strategies.0:12-18

While most researchers concur that apathy is a multidimensional syndrome, the nature and composition of these dimensions
remain a subject of considerable debate.'® The conceptualisation of apathy has evolved considerably from its seminal definition
by Marin as a “diminished motivation unattributable to emotional distress, cognitive impairment, or diminished
consciousness”.2® A paradigm shift occurred with the introduction of neurobiologically-grounded models, most notably the
framework by Levy and Dubois, which leveraged insights from cognitive neuroscience to separate apathy into subtypes linked
with dysfunction in distinct frontostriatal circuits.?* This model was instrumental in delineating an emotional-affective
dimension from deficits in self-initiated motor activity (which they termed “auto-activation apathy”). It also informed the 2009
diagnostic criteria, which proposed that a diagnosis of apathy required not only a core loss of motivation but also symptoms
across at least two of three domains: behaviour, cognition, and emotion.? Subsequently, the 2021 criteria for apathy in NCDs,
established via a formal consensus survey of 143 international experts, defined apathy with three clinically heuristic dimensions:
diminished initiative (behavioural), diminished interest (cognitive), and diminished emotional expression/responsiveness
(emotional).t

Social disengagement was not specifically featured in these three dimensions. This omission is striking given that a 2018
transdiagnostic framework for apathy had recognised “Social Interaction” as a distinct aspect of apathy, and a potential fourth
dimension in revised criteria.?? The decision to exclude “social apathy” from the 2021 criteria was not based on a conceptual
rejection, but on a lack of expert consensus regarding its independence.® In the consensus survey, agreement on the question,
“Do you agree that [“loss of social activity”’] should be considered an independent domain?” was only 59.4%. This figure
stands in stark contrast to the consensus for each of the other three dimensions: behavioural (85.7%), cognitive (86.4%), and
emotional (94.4%). The workgroup therefore reasoned that “examples of behaviours previously listed under social apathy
could also be encompassed by diminished interest, initiative, and emotional expression/responsiveness.”

The decision to omit social apathy as a separate dimension was explicitly provisional. The consensus workgroup agreed that
“should evidence arise in the future that demonstrates the need to separate social interactions, that decision would be
reconsidered”.! This statement articulates a clear, unresolved, and vital clinical research question: Is social apathy a distinct
and separable dimension, or an epiphenomenon of deficits in general initiative and interest, possibly influenced by emotional
blunting, applied to a social context? For instance, should “I have lost interest in my friends” be classified under a general loss
of interest, or does it tap into a specific deficit in social motivation? This can be tested psychometrically: if social symptoms
consistently cluster together and segregate from non-social initiative and interest items, they must be considered a standalone
dimension. This validation has not yet been performed with the scale required for a definitive conclusion.*®

The current study was designed to provide direct, large-scale evidence for the status of social apathy. We first sought to
determine the fundamental factor structure of apathy by conducting a detailed, symptom-level analysis of data from three
widely used and validated questionnaires—the Apathy Motivation Index (AMI),? the Apathy Evaluation Scale (AES),?* and
the Dimensional Apathy Scale (DAS)®—in a sample of 479 healthy adults. We then leveraged this foundation to investigate
the standing of social apathy as a distinct dimension in a large and clinically diverse sample of 11,243 individuals.

Considering the high prevalence of apathy across different clinical populations,?®-28 we examined this factor structure across
three distinct populations: patients with a wide spectrum of NCDs, people without NCD but with depressive symptoms, and



healthy individuals spanning the adult lifespan. Our primary hypothesis was that social apathy would emerge as a robust and
separable factor across these diverse groups. Such a finding would have significant implications, reframing social apathy from
a secondary feature to a core dimension that demands prioritisation in theoretical, experimental, and clinical work.

Methods

To systematically investigate the dimensional structure of apathy, with a primary focus on determining the validity and stability
of a “social apathy” dimension, we proceeded through four sequential steps. We:

1) Conducted an exploratory, data-driven analysis to identify the fundamental dimensions of apathy from a
comprehensive set of symptoms in healthy participants

2) Performed a confirmatory analysis to validate the emergent structure within a large clinical cohort

3) Ran asymptom-level network analysis to map the fine-grained architecture of apathy across different populations

4) Conducted a lifespan analysis to assess the stability of this architecture across aging and neurocognitive conditions.

Participants

This study used a cross-sectional, multi-centre survey design. Ethical approval was granted by the relevant ethics committees
for all recruitment sites, including the University of Oxford (IRAS ID: 248379, Ref:18/SC/0448), University of Cambridge
(IRAS ID: 252986), University of Birmingham (ERN_20-1897AP16) in UK, Anhui Medical University in China (No.
2022439), and New Zealand Brain Research Institute (HDEC - URB/09/08/037; URB/09/08/037/AMO04) in New Zealand. All
research was conducted in accordance with the Declaration of Helsinki, and all participants provided written or digital informed
consent. This research followed the American Association for Public Opinion Research (AAPOR) Best Practices for Survey
Research.

A total of 11,243 participants were recruited through a combination of online platforms (Prolific and Credamo), university
volunteer databases, and specialist patient clinics. The data were collected between 12 July 2016, and 6 May 2025. This cohort
is referred to as the Full Cohort, consisted of three sub-groups (see Table 1 for full demographics):

e NCDs cohort (n = 1,154): Patients (mean age 66.3, 23-93%) with a range of diagnoses established by experienced
neurologists according to consensus criteria. This cohort included Alzheimer’s disease (AD; n=130), Mild Cognitive
Impairment (MCI; n=34), Subjective Cognitive Decline (SCD; n=136)?, Parkinson’s disease (PD; n=551), Dementia
with Lewy Bodies (DLB; n=39), Frontotemporal Dementia (FTD; n=89), Autoimmune Encephalitis (AIE; n=86), and
Small Vessel Disease (SVD; n=89). The majority of neurological patients were recruited from the Cognitive Disorders
Clinic at John Radcliffe Hospital, Oxford, UK. All AIE patients (N = 86) were recruited from Autoimmune Neurology
Clinic, John Radcliffe Hospital, Oxford, UK.?®3° Forty-seven FTD patients were recruited from specialist dementia
clinics in Addenbrooke’s Hospital, Cambridge, UK and St George’s Hospital, London, UK (N = 4). Additionally, 195
PD patients were recruited from the New Zealand Parkinson’s Progression Programme (NZP3) in Canterbury, New

! Although the majority of the NCD cohort were older adults, 12 patients were aged between 23 and 38 years. These comprised
individuals with subjective cognitive decline (SCD) or autoimmune encephalitis (AIE), conditions that can present at younger
ages. We note this here to clarify the presence of younger participants within the NCD group.

2 We included individuals with Subjective Cognitive Decline (SCD) within the NCDs cohort because SCD is widely recognised
as part of the neurocognitive disorder spectrum: it carries elevated risk for progression to Mild Cognitive Impairment and
dementia, and is often considered an at-risk or prodromal stage in clinical and research frameworks.



Zealand,® and 192 PD patients were recruited from the China Parkinson’s Disease Advanced Center in the First
Affiliated Hospital of Anhui Medical University, Anhui, China.

e Depression Cohort (Depression; n = 1,324): Individuals (mean age 22.3, 16-81) who either had a formal diagnosis
of Major Depressive Disorder (MDD), confirmed by two independent psychiatrists according to DSM-IV criteria, or
who scored above established cut-offs on validated depression screening tools: Patient Health Questionnaire (PHQ >=
5),%2 Beck Depression Inventory (BDI >= 14),% Hospital Anxiety and Depression Scale, Depression subscale (HADS-
D >=8),3 or who reported current antidepressant use. Where multiple screening tools were available for a participant,
the first available instrument in the order listed above (BDI, HADS-D, PHQ) was used to determine classification.

e Healthy Control Cohort (HC; n = 8,765): Community-dwelling individuals (mean age 39.3, 16-93) who self-
reported no diagnosis of a major neurological or psychiatric condition and were not taking antidepressant medication.
Anxiety and depression were not formal exclusion criteria. This inclusive approach was adopted to preserve ecological
validity, reflecting the full spectrum of apathy as it manifests in the general population.

Data were collected through a combination of online and in-person assessments. All NCD patients (n = 1,154) were assessed
in person at specialist clinics. The Depression cohort was predominantly assessed in person (n = 979; 73.9%), with the
remainder recruited online (N = 345; 26.1%). In the HC cohort, 67.1% of participants (n = 5,885) completed assessments via
online platforms (Prolific for UK-based participants; Credamo for China-based participants), while 32.9% (N = 2,880) were
assessed in person at university or clinical research sites (Supplementary Table 1).

Measurements

Assessment of apathy: For the primary, cross-sectional analysis of the full cohort (N =11,243), we used the Apathy Motivation
Index (AMI) as a self-report measure of apathy.?® The AMI is an 18-item instrument designed to assess three a priori domains
of apathy: Behavioural (e.g., “When | decide to do something, | am able to make an effort easily”), Social (e.g., “I start
conversations without being prompted”), and Emotional (e.g., “I feel bad when | hear an acquaintance has an accident or
illness™), noting that each question in isolation may reflect a combination of cognitive and behavioural elements.

To facilitate a more comprehensive phenotyping of apathy and to establish convergent validity, a subsample of 479 healthy
participants also completed two additional, widely used apathy scales: the Apathy Evaluation Scale (AES)* and the
Dimensional Apathy Scale (DAS).®®

The selection of these specific instruments was theoretically motivated: (1) AES, an 18-item self-report questionnaire, was
grounded in the foundational conceptualisation of apathy proposed by Marin, and designed to assess the behavioural, cognitive
and emotional dimensions of the syndrome.2°?* (2) DAS, a 24-item instrument, was based on the influential, neurologically
informed framework proposed by Levy and Dubois and dissociated apathy into auto-activation apathy (impaired self-initiation
of thoughts or actions), executive apathy (impaired planning and organisation), emotional-affective apathy (affective
indifference).?>%

This multi-instrument approach, leveraging the unique theoretical underpinnings of AMI, AES and DAS was implemented to
ensure a comprehensive and multidimensional characterisation of apathy.

Cognitive Function: A subset of NCD patients (N=739) completed the Addenbrooke's Cognitive Examination-111 (ACE-I1l),
a 100-point scale of overall cognition, with subscales assessing attention, memory, verbal fluency, language, and visuospatial
skills.®

Statistical Analysis

Statistical analyses were conducted with MATLAB (R2025a) and R (version 4.5.1).



Exploratory factor analysis: To investigate the latent structure of apathy symptoms, an EFA was performed on the Healthy
Control Cohort who completed all three apathy questionnaires: AMI, AES, and DAS (N=479). Suitability for factor analysis
was confirmed using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s Test of Sphericity. The number of factors to retain
was determined by Kaiser's Criterion (Eigenvalues > 1). Given the theoretical expectation that apathy dimensions would be
related, an oblique (promax) rotation was applied to the factor structure to allow for correlations between the latent factors.

Confirmatory factor analysis (CFA): This was performed on the AMI data from NCDs cohort, using the R lavaan package.
We specified an a priori three-factor model based on previous findings,?® composed of Behavioural, Social, and Emotional
factors. Unlike the exploratory analysis, which combined items from AMI, AES, and DAS to test the broad latent structure of
apathy, the CFA was restricted to AMI data; because the AMI only contains items reflecting these three domains, the
confirmatory model was designed specifically to test this structure rather than to reproduce the five-factor solution from the
exploratory stage. Three items (AMI-2, AMI-6, AMI-8) showed lower indicator reliability within their designated factors,
with weak or inconsistent loadings and elevated residual correlations. Following standard practice, these items were removed
to improve model fit and ensure that each latent construct was represented by items with high reliability and factorial coherence.
To account for potential non-normality in the data, we used a robust Maximum Likelihood estimator, which provides scaled
test statistics and robust standard errors. Model adequacy was assessed using a standard battery of goodness-of-fit indices: the
robust chi-square (y2) test, the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI), the Root Mean Square Error of
Approximation (RMSEA) with its 90% confidence interval, and the Standardized Root Mean Square Residual (SRMR).
Conventional criteria were used to evaluate model fit, with CFI/TLI values = 0.90, RMSEA < 0.08, and SRMR < 0.06
considered indicative of acceptable fit. Standardised factor loadings () and inter-factor correlations were examined to assess
the coherence and distinctiveness of the latent constructs.

Factor purity: To quantify the specificity of items to their designated latent construct, we calculated a factor purity index for
each item, defined as the squared loading of an item on its primary designated factor, divided by its communality (the sum of
its squared loadings across all factors). A higher purity index, approaching 1.0, indicates that an item’s explained variance is
almost exclusively attributable to a single factor. The mean factor purity and its standard error of the mean (SEM) were then
calculated for each factor to compare their relative factorial purity. An initial one-way ANOVA was conducted to test for any
significant differences in mean purity scores across the factors. Following this, a planned comparison was performed using a
Welch's independent samples t-test. This test specifically evaluated whether the mean purity of the Social Apathy factor was
significantly higher than the combined mean of the remaining four factors. The alpha level for determining statistical
significance was set at 0.05 for all tests.

Network estimation and visualisation: To investigate the symptom-level structure of apathy in the Full Cohort (N=11,243),
we constructed weighted, undirected networks from the 18 AMI items for the HC, Depression and NCD groups separately.
Nodes represented items, and edge were weighted by the absolute Spearman correlation coefficients, which is robust to non-
normal data distributions typical of Likert scales. For visualisation, a sparse network was generated by retaining only edges
with a correlation of |p[>0.1. The network was visualised in R using the ggraph package with the Fruchterman-Reingold
algorithm, a force-directed layout that positions strongly connected nodes closer together. Nodes were coloured based on their
a priori AMI domain (Behavioural, Social, Emotional). Node size was scaled to represent its between-domain connectivity,
defined as the mean absolute Spearman correlation of that node with all nodes from the other two domains, visually highlighting
bridging items.

Module and centrality detection: To empirically identify functional clusters within the network, we applied a Louvain-style
modularity maximisation algorithm with local greedy optimisation in a single iterative pass. This data-driven community
detection algorithm iteratively partitions the network to maximise modularity, a metric that quantifies the density of intra-
community connections relative to inter-community connections. This aligns with the conceptual goal of identifying symptom
clusters that co-occur more strongly with each other than with symptoms outside the cluster. Modularity (Q) is formally defined
as:
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where A;; represents the weight of the edge between nodes i and j, k; is the sum of weights of all edges connected to nodes i
(strength), m is the sum of all edge weights in the network, and §(c;, ¢;) is 1 if nodes i and j belong to the same community
(c; = ¢;) and 0 otherwise. Within each module, we defined the central node as the one with the highest intra-modular strength,
i.e., the sum of its connection weights to all other nodes in the same community.

Lifespan trajectory analysis: To assess the stability of the apathy network structure across age, we employed a continuous,
age-based sliding-window analysis on the AMI data for each of the three cohorts. The analysis systematically progressed across
the age range of each group in 1-year increments, using a 10-year window weighted by a Gaussian kernel (¢ = 5 years). Within
each age window, we re-computed the network. To ensure a robust result, the Louvain algorithm was run 1000 times, and the
most frequently detected module partition was selected for all subsequent analyses. This stable partition was used to determine
the number and composition of modules for that specific age. Any age window with a weighted effective sample size below
30 was excluded from the analysis to ensure statistical stability.

Sensitivity analysis for assessment mode: To assess whether the mode of data collection (online vs. in-person) influenced
the observed network structure, we conducted a sensitivity analysis on the HC cohort. Participants were split into online (N =
5,885) and in-person (N = 2,880) subgroups. For each subgroup, we computed the Spearman correlation matrix across the 18
AMI items and applied the Louvain community detection algorithm with 1,000 random restarts to identify the most stable
module partition. The resulting module compositions and domain purities were compared between subgroups.

Results

Establishing the fundamental structure of apathy with exploratory factor analysis

We first sought to derive the fundamental phenomenological structure of apathy symptoms, unconstrained by the theoretical
assumptions of any single assessment scale. Exploratory Factor Analysis (EFA) was conducted on the Healthy Control
Cohort (N=479) on the combined 60 items from three widely used apathy scales: the AES, DAS, and AMI.

This multi-instrument approach was a strategic choice. The AES was grounded in Marin's foundational tripartite model
(behavioural, cognitive, emotional),?®?* while the DAS was based on the influential neurobiologically-informed framework of
Levy and Dubois, which divided apathy into auto-activation, executive, and emotional-affective subtypes.?**® The AMI is the
only one of these scales that explicitly includes a named social domain, although social apathy is partially and indirectly
represented in questions of the other scales.!® For example, the AES and DAS contain items with social relevance (e.g., AES:
“Getting together with friends is important to me”; DAS: “I contact my friends”), albeit with limited coverage of social
initiation, maintenance of social ties, and social motivation. By combining all 60 items, we created a rich symptom catalogue
to comprehensively characterise apathy and formally test a core hypothesis.

Specifically, if social apathy were merely a facet of behavioural or emotional apathy, its corresponding items could load onto
those factors. For instance, diminished initiative in conversation (“I start conversations without being prompted”) would be
absorbed into a general behavioural/initiative factor, while reduced enjoyment from social interaction (“I enjoy doing things
with people | have just met”) would be subsumed by an emotional or motivational anhedonia factor. The emergence of a
distinct, statistically independent social factor would, therefore, provide evidence for its status as a separate dimension.
Alternatively, a separate factor could arise for methodological reasons—for example, if socially oriented items differed
systematically in style, linguistic complexity, or word frequency. Such possibilities can be examined post hoc if an additional
factor is identified.



The data were well-suited for factor analysis, as confirmed by a high KMO measure of sampling adequacy (KMO = 0.90) and
a significant Bartlett’s Test of Sphericity (x*(1770) = 12640.7, p <.001). The EFA revealed a clear and interpretable five-factor
structure that explained the data well (3> = 3411.6, df = 1480, p <0.001). These five dimensions were interpreted as reflecting:

Behavioural Apathy: Diminished self-initiated, goal-directed behaviour.
Cognitive Apathy: Diminish expression of interest, “wanting”, and curiosity.
Social Apathy: Diminished social interaction and engagement.

Emotional Apathy: Emotional blunting and affective indifference.

Executive functions: Difficulties with concentration, planning, and organisation.

arwbdE

As shown in Figure 1, items assessing social engagement loaded strongly and cleanly onto a single, distinct Social Apathy
factor. For example, AMI Question 14 (I start conversations without being prompted”) and AES Question 13 (“Getting
together with friends is important to me”) anchored this factor. This social dimension was clearly separable from the
Behavioural dimension, which included items such as AMI Question 15 (“When | have something | need to do, | do it
straightaway...”) and DAS Question 18 (“I keep myself busy”). Social Apathy was also distinct from the Cognitive dimension,
defined by items such as AES Question 9 (“I spend time doing things that interest me.”) and AES Question 5 (“I am interested
in learning new things”). A complete list of item loadings is provided in Supplementary Table 2.

Analysis of the inter-factor correlations revealed a nuanced pattern of relationships (Table 2). Using thresholds of >0.3 for
moderate and >0.5 for strong relationships,” we observed strong correlations among Behavioural, Cognitive, and Social apathy
(r = 0.49 to 0.59). This may suggests a higher order “Initiative/Auto-activation” cluster like proposed by Levy and Dubois.?
In contrast, Emotional and Executive apathy showed weak correlations with all other factors (all |r| < 0.18), and Executive
apathy even had a slight negative relationship with Social apathy (r = -0.11), underscoring their dissociation from the other
domains.

To quantify the robustness of this factor structure, we analysed factor purity—a measure of how specifically items relate to
their primary dimension. An initial one-way ANOVA showed no overall difference in purity scores across the five factors (F(4,
55) = 1.44, p = 0.23). However, post-hoc testing revealed that the mean purity of the Social Apathy factor (M = 88.3%, SEM
= 5.0%) was significantly higher than the overall mean of the other four factors (M = 73.8%; t(13.1) = 2.56, p = 0.012),
indicating its high factorial coherence inthis sample (Figure 2).

Overall, this comprehensive exploratory analysis provides strong evidence that social apathy is not an artefact of a specific
questionnaire but emerges as a distinct, coherent, and robust dimension when a wide range of apathy symptoms are considered,
and is fundamentally dissociable from behavioural and emotional dimensions.

Validating the social apathy domain in NCD with confirmatory factor analysis

Having established the existence of a distinct social apathy dimension in a healthy sample, we next sought to determine if this
structure holds in a large, clinically relevant population. Not all participants completed multiple apathy questionnaires; in
patients, time constraints limited assessment to a single scale. We therefore focused on the AMI, which uniquely includes
dedicated social items and has prior evidence supporting a three-factor structure (Behavioural, Social, Emotional) in HC and
NCDs.2%2638 The data from these prior studies are included in the current sample but represent only a small fraction: the original
validation sample?® comprised 479 healthy controls (vs. N = 8,765 here) and the previous NCD sample? comprised 292 patients
(vs. N =1,154 here). The CFA was thus conducted on a substantially expanded dataset. Based on this foundation, we performed
a stringent Confirmatory Factor Analysis (CFA) on this a priori model in our large NCD sample (N = 1,154). This analysis
was not intended to reproduce the broader five-factor solution from the exploratory stage, since the AMI does not include
dedicated items for cognitive or executive apathy, but rather to test whether the three domains represented within the AMI
form distinct and coherent latent constructs in patients.



The 3-factor model demonstrated an acceptable to good fit to the data, as indicated by a battery of standard goodness-of-fit
indices (CFI = 0.915; SRMR = 0.060; TLI = 0.90; RMSEA = 0.075 [90% Cl, 0.070-0.081]). Although the model's chi-square
test was significant (y*(87) = 624.22, p < .001), this is an expected outcome in very large samples and does not invalidate the
model when other fit indices are strong.

Importantly, all individual items demonstrated substantial and statistically significant standardised loadings on their intended
latent factors—Behavioural (A = 0.43-0.82), Emotional (A = 0.59-0.85), and Social (A = 0.42-0.81). This confirms the high
internal coherence of each subscale. The analysis also revealed moderate-to-high inter-factor correlations (r = 0.64 to 0.77),
indicating that while the three dimensions partially capture distinct aspects of the syndrome, they are not independent.

These CFA results provide strong psychometric validation for the AMI's three-factor model, confirming that social apathy
stands as a distinct and measurable construct within the complex syndrome of apathy in NCDs.

Mapping the symptom-level architecture across populations

Factor analysis models symptoms as indicators of an unobserved latent variable. To gain a more nuanced, bottom-up
understanding of the relationships between individual symptoms, we turned to network analysis.***° This approach models
apathy as a complex system of interacting symptoms, providing a fine-grained map of symptom-to-symptom associations. This
perspective has been shown to capture clinical complexity more directly, explain comorbidity through bridge symptoms, and
identify central targets for intervention.® We therefore asked whether the dimensional structure identified via CFA would be
replicated at the symptom-network level, providing convergent evidence for the distinct role of social apathy.

A network analysis on the AMI items in our entire sample (N=11,243) stratified into three major cohorts: NCD, Depression
and HC (Figure 3). We used community detection algorithms to identify “modules”—clusters of symptoms that are more
strongly correlated with each other than with other symptoms in the network. This is conceptually analogous to identifying
factors but is derived directly from the network structure without assuming a latent cause.

To ensure the robustness of our findings, we applied the Louvain community detection algorithm with 1000 random restarts
to the item correlation network of each cohort.*#2 This stability analysis revealed robust and distinct module structures for
each group. The NCD cohort's network was exceptionally stable, identifying a three-module solution in 100% of iterations,
which corresponded precisely to the a priori Behavioural, Social, and Emotional dimensions of the AMI. The Depression
cohort most consistently revealed a four-module solution (80.9% of runs), which often separated the behavioural items into
sub-groups but consistently preserved the integrity of the Social and Emotional modules. In the HC cohort, a three-module
solution was most frequent, found in 70.0% of iterations, again mapping cleanly onto the Behavioural, Social, and Emotional
domains.

The stability of the social apathy module across the lifespan

A final question was whether the dissociation of social apathy is a stable feature or if it varies with age. For example, do social
symptoms merge with emotional or behavioural domains during adolescence or in late life? Using a sliding-window analysis
across the lifespan (ages 16 to 90), we constructed separate apathy network for overlapping age windows in each of the three
major cohorts. Within each age-specific network, we performed community detection to determine if a distinct “Social Apathy”
module was present and to quantify its coherence.

The results, as shown in Figure 4, show that the Social Apathy dimension was identifiable at every age point across all three
cohorts. This module had a social item as its central (most connected) node and was consistently characterised by high domain
purity (the proportion of social items within the module). This provides convergent visual evidence that the segregation of
social apathy symptoms is not confined to a particular life stage, but emerges consistently in the symptom network across
adolescence, adulthood, and late life.



To formally test the factors influencing module coherence, we performed a two-way ANOVA with Module Purity as the
dependent variable and Group (NCD, Depression, HC) and Domain (Behavioural, Social, Emotional) as factors. The analysis
revealed a significant main effect of Domain (F(2, 551) = 68.15, p < .001), as Social and Emotional modules consistently
demonstrated higher purity than Behavioural modules. We also found a significant main effect of Group (F(2, 551) = 15.26, p
< .001), with module purity being highest in healthy controls and lower in the clinical groups. Finally, a significant Group x
Domain interaction (F(4, 551) = 2.56, p = .038) indicated that the precise relationship between domain purity and clinical status
was not uniform across the cohorts (see Supplementary Tables 3-5 for detailed values).

The social module's purity remained high across all groups (average purity = 0.97 in HCs, 0.94 in Depression, and 0.91 in
NCD). This underscores our primary observation: the tendency for social apathy symptoms to cluster together is a stable and
fundamental feature of human apathy, present across health and disease and persistent through the adult lifespan.

To rule out the possibility that the social apathy module in healthy controls was driven by assessment mode, we repeated the
network community detection separately for online (N = 5,885) and in-person (N = 2,880) HC participants. Both subgroups
produced an identical three-module partition. Crucially, the Social module comprised the same six items in both subgroups
with 100% domain purity, and the partition was highly stable across 1,000 iterations (online: 100%; in-person: 97.4%). The
only difference between the two partitions was a single item (AMI-6, "I feel bad when | hear an acquaintance has an accident
or illness") that was assigned to the Behavioural module in the online subgroup and the Emotional module in the in-person
subgroup — neither assignment affected the Social module. These results confirm that the distinctiveness of social apathy is
not an artefact of the mode of data collection (Supplementary Table 6).

Discussion

This study provides large-scale evidence that social apathy is a distinct and cohesive dimension of the apathy syndrome. Across
a clinically diverse cohort of over 11,000 individuals, social apathy emerged as a psychometrically robust construct, separable
from behavioural and emotional domains. This was observed across the adult lifespan and was preserved in healthy participants,
participants with depression, and in participants with a wide range of neurocognitive disorders. Our findings demonstrate that
while social apathy is correlated with behavioural apathy, it does not merge with it. The high factorial purity of the social
apathy dimension underscores its internal coherence and validates its status as a standalone dimension.

This psychometric distinction is also consistent with emerging neurobiological evidence. General apathy has consistently been
associated with dysfunction in a core network for effort-based decision-making for self, centred the dorsal anterior cingulate
cortex, ventral striatum, and related frontosubcortical structures.**#4 By contrast, converging work highlights a key role for
anterior cingulate gyrus (ACCg) in motivating prosocial effort. Neurophysiology and fMRI studies show that ACCg encodes
the costs and values of others’ rewards and effort, but not one’s own.*>*¢ Consistent with this, reduced willingness to exert
effort for others correlates with higher social apathy scores on the AMI, the same instrument used in our analyses.*’ Lesion
studies further implicate the ventromedial prefrontal cortex (vmPFC), where damage leads to diminished prosocial
motivation—patients earn less for others, discount others’ rewards more steeply, and exert less force when helping, with medial
and lateral subregions exerting opposing influences.*® Taken together, these findings nominate a distributed socio-motivational
circuit, spanning ACCg and vmPFC, as a candidate substrate for the selective loss of social motivation in apathy. Testing this
directly through multimodal imaging, lesion models, and longitudinal designs will be essential. At the same time, this
motivational system should be distinguished from the broader “social brain” network—including the vmPFC, amygdala,
posterior superior temporal sulcus, temporal pole, and temporoparietal junction—which is more typically involved in
representing others’ mental states and social knowledge. “°-°145 Although pathology in this socio-affective network can alter
social cognition and behaviour,*5253 the evidence reviewed above points specifically to ACCg and vmPFC as critical for social
motivation.

In addition, this dimension's clinical utility is highlighted by its high agreement between patient and caregiver reports.?® This
concordance persisted even in conditions like behavioural-variant frontotemporal dementia (bvFTD), where changes in insight
can create large discrepancies in the responses to questionnaires about behavioural change.?® This is particularly relevant given



that the present study relied on self-report measures: if insight-related biases had distorted the factor structure in NCD patients,
one would expect caregivers — who do not share such biases — to report a different pattern. Instead, social apathy was the
domain with the highest patient—caregiver agreement, and the three-domain structure was preserved in caregiver-reported
data.?6:3 These findings suggest that the social apathy dimension identified here is unlikely to be an artefact of self-report bias
and would be expected to replicate with informant-report scales.

Our data-driven analysis across three apathy scales (AMI, AES, and DAS), where that data was available in our cohorts,
resolved a clear five-factor structure: behavioural, cognitive, social, emotional apathy and executive impairments. This is
consistent with a more granular organisation of apathy that refines, rather than contradicts, the influential three-part framework
of Levy and Dubois.?* The strong correlations among the behavioural, cognitive, and social domains (r = 0.49-0.59) may
represent distinct expressions of a broader “auto-activation” or “initiative” domain. Under this view, social apathy reflects a
unique manifestation of impaired initiative in the social domain, but its coherence and factorial purity indicate that it cannot
be reduced to behavioural or cognitive apathy alone. Future work could formally test this hierarchical structure using higher-
order factor models, which may help reconcile the separability of social apathy with its overlaps with general motivational
deficits. Clinically, this implies that while treatments targeting general initiative (e.g. dopaminergic agents or behavioural
activation) may improve all three domains, additional social-specific interventions may be required to address the unique
variance captured by social apathy.

However, several limitations must be acknowledged. First, the study was cross-sectional and relied on symptom survey data,
which precludes causal inferences about the development of apathy and is subject to the inherent biases of self-report. Some
disorders lead to violations of the assumptions underlying questionnaire responses.>* Future research should develop objective,
behavioural assessments of social apathy — such as measures of social approach behaviour or effort-based social decision-
making tasks — to complement self-report scales. Second, the AMI does not offer the same granular assessment of cognitive
apathy as scales like the AES and executive apathy like DAS. Nevertheless, the five-factor structure that emerged in this
analysis shows that none of the scales on their own covers all five domains comprehensively. Third, differences in the questions
related to social apathy may introduce confounding factor structures, if for example they were to differ in grammar, frequency
or complexity of the words used in items. This risk is mitigated by the ubiquity of the social apathy factor in health and disease
states. Fourth, data were collected through a mix of online and in-person assessments, with the majority of healthy controls
assessed online and all NCD patients assessed in person. While assessment mode can influence absolute response levels, our
core analyses concern the correlational structure of symptoms rather than mean differences. A sensitivity analysis confirmed
that the three-module network structure, including a Social module with 100% domain purity, was identical in online and in-
person HC subgroups, indicating that the factor structure is invariant to assessment mode. Fifth, the present study did not
include convergent or discriminant validity analyses against related constructs such as social cognition and empathy. Notably,
a companion study found that it is emotional apathy — not social apathy — that is most strongly associated with reduced
affective empathy, suggesting that social apathy captures a distinct motivational dimension rather than an empathic one.°
Nevertheless, future research should formally test the convergent and discriminant validity of social apathy against social
cognition, empathy, and related constructs to clarify the boundaries of this dimension.

Recognising social apathy as a distinct domain also has important practical implications. From an assessment perspective,
diagnostic protocols could be expanded to include dedicated measures of social apathy, allowing clinicians to differentiate it
from superficially similar conditions such as anhedonia (reduced pleasure from social interaction), social anxiety (avoidance
due to fear rather than lack of motivation), or depression (where social withdrawal is a core symptom). Clinically, this may
enable more accurate prognosis: social disengagement could prove a stronger predictor of loneliness, caregiver burden, and
quality-of-life decline than other apathy domains. In turn, recognising social apathy could guide targeted interventions. While
treatments enhancing general initiative (e.g. dopaminergic agents or behavioural activation) may benefit multiple domains,
interventions such as structured group-based programmes (e.g. psychosocial engagement game), caregiver-mediated
engagement, or digital tools (e.g. social robots, telepresence technologies) may be suited to ameliorating social apathy. Finally,
including a social dimension in diagnostic criteria would ensure systematic measurement across clinical trials, stimulate
research into the specific brain circuits underlying social motivation, and refine phenotypic descriptions of disorders in which
social changes are early and prominent, such as frontotemporal dementia and Parkinson’s disease.



In conclusion, we propose that social apathy is a distinct and stable dimension of the apathy syndrome, not reducible simply
to diminished initiative, interest, or emotional responsiveness. The precise number and boundaries of apathy dimensions remain
an open question — our data support a five-factor structure when multiple instruments are combined but converge on a robust
three-domain model within the AMI. These findings provide support for including a social dimension into the diagnostic
framework for apathy in NCDs. Recognising this dimension is an important step toward a more precise understanding of its
unique neurobiology and may inform the development of targeted interventions to address the loss of social connection that
characterises this debilitating condition.
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Figures and tables

Table 1: Demographics and average measures for the two studies in the present study.

For continuous variables (e.g., age, years of education, questionnaire scores), the mean and standard deviation (SD) are reported, along
with the number of participants for whom data were available (indicated in parentheses). Gender distribution is reported as the number of
female (F) and male (M) participants, non-binary (NB) participants. Abbreviations: N.A. = Data missing. AMI = Apathy-Motivation Index,

ACE = Addenbrooke Cognitive Examination-111.

Study Group N Age Gender AMI Total ACE Total
Study 1 HC | 479 | 29.7(18-74) | F:249, M:230,NB:0 | 1.4(0.2-3.2)

Study2 | (Below) [ 11243 | 40.1(16-93) | F:5417, M:4948, NB:17 | 1.4 (0.0-40) | 84.3 (2.0-100.0) [N=739]
HC | 8765 | 39.3(16-91) | F:4251, M:3740, NB:16 | 1.4 (0.0-3.8) 96.9 (88.0-100.0) [N=121]

Depression | 1324 | 22.3(16-81) | F:745 M:578,NB:0 | 15(0.2-4.0) | 910 (49.0-100.0) [N=12]

Neuro. | 1154 | 66.3(23-93) | F:421, M:630, NB:L | 1.6 (0.1-3.8) | 81.6 (2.0-100.0) [N=606]

AD | 130 | 69.7 (49-92) F:66, M:63, NB:1 | 15(0.1-34) | 69.2 (16.0-97.0) [N=84]

MCl | 34 | 67.6(54-90) F:18, M:16,NB:0 | 1.5(0.9-3.1) | 84.7 (75.0-95.0) [N=25]
SCD | 136 | 57.6(23-78) |  F:69, M:65,NB:0 | 1.6(0.4-3.0) | 91.8 (63.0-100.0) [N=104]
PD | 551 | 67.5(39-88) | F:169, M:286, NB:0 | 1.8(0.2-3.8) | 86.8 (20.0-100.0) [N=147]

DLB | 39 | 688(57-93) | F:10,M28, NB:0 | 1.5(0.3-27) | 77.0 (26.0-93.0) [N=25]

FTD | 89 | 63.9(42-90) F:31, M:56, NB:O | 1.4(0.1-35) |  59.7 (2.0-98.0) [N=76]

AIE | 8 | 63.1(26-86) F:23, M:62, NB:O | 1.4(0.4-28) | 91.2 (75.0-100.0) [N=70]

SVD | 89 | 705 (52-92) F:35, M:54, NB:O | 1.4(0.3-28) | 85.1(25.0-100.0) [N=75]

Figure 1. Factor structure of apathy items.

Results from an exploratory factor analysis with varimax rotation on all items from the Apathy Motivation Index (AMI), Dimensional Apathy
Scale (DAS), and Apathy Evaluation Scale (AES) in 500 healthy adults. Positive factor loadings are shown in orange and negative loadings
are shown in purple. The order of the items was arbitrary. The loading strength for each item can be found in Supplementary Table 1.

Figure 2: Coherence of the five apathy dimensions as measured by factor purity.

A comparison of the mean factor purity scores for the five apathy factors identified in EFA. Factor purity is an index that quantifies the
proportion of an item's shared variance (i.e., its communality) that is attributable to its primary factor. A score approaching 1.0 indicates
that an item loads almost exclusively on a single factor, reflecting high dimensional coherence. Each bar represents the mean purity score,
averaged across all items constituting that factor, with error bars denoting the standard error of the mean (SEM). The results highlight the
significantly higher factorial coherence of the Social Apathy dimension compared to the others. For a detailed breakdown of the factor
loadings for each item, see Supplementary Figure 1.

Table 2: Inter-factor correlation matrix.

Correlation coefficients for the five factors identified through EFA. Values in bold indicate moderate (r > 0.3) to strong (r > 0.5) relationships
between the apathy dimensions.

Factorl Factor2 Factor3 | Factor4 Factor5

Behavioural | Cognitive | Social Emotional | Executive
Factorl Behavioural apathy 1 0.589 0.494 0.119 0.1674
Factor2 Cognitive apathy 0.589 1 0.579 0.1751 0.1235
Factor3 Social apathy 0.494 0.579 1 0.299 -0.1074
Factor4 Emotional apathy 0.119 0.175 0.299 1 0.0506
Factor5 Executive apathy 0.167 0.123 -0.107 0.0506 1

Figure 3: Apathy symptom networks of the AMI across three cohorts.

Network structures of Apathy Motivation Index (AMI) items for (A) Healthy Controls, (B) Depression, and (C) Neurocognitive Disorders.
Nodes (circles) represent individual symptoms and are coloured by their a priori domain: red=Behavioural, yellow=Social, blue=Emotional.



Edges (lines) represent Spearman correlations between symptoms, thresholded for clarity at a strength of jp/>0.1. Cyan edges denote positive
correlations, while red edges denote negative ones. Edge thickness is proportional to the correlation strength. The layout places strongly
related symptoms closer together, visually highlighting the distinct clustering of the three apathy domains.

Figure 4: Stability of social apathy across the lifespan.

Domains of apathy modules detected via a sliding-window network analysis across three cohorts: (A) Healthy Controls, (B) Depression, and
(C) Neurocognitive Disorders. Each point on the x-axis represents the centre of a 10-year age window for which a symptom network was
constructed. Dots are colour-coded by the dominant domain of the module: Behavioural (pink), Social (yellow), or Emotional (blue).
Numbers within dots indicate how many distinct modules of that domain were detected in that age window (e.g., “2” means two independent
modules of the same domain were present). Critically, if social apathy symptoms had blended into other domains, this would be reflected as
breaks or gaps in the social (yellow) row, meaning no independent social module was detected for that age or cohort. The uninterrupted
presence of yellow dots across all ages and groups shows that social apathy consistently emerged as its own symptom-centred module,
demonstrating its stability as a distinct dimension throughout the lifespan



Questionnaire Item

Behavioural Cognitive Social Emotional Executive

When | have something | need to do, | do it straightaway so it is out of the |
When | decide to do something, | am motivated to see it throqu?g fh%@mﬁ |

| get things done when they need to be done, without requiring remindeargnfrr;r% i
others - ami_11
| don't like to laze around - ami_10 4

| set goals for myself - das_13 4
| have motivation. - aes_18 o
| am able to focus on a task until it is finished - das_10

When | decide to do something, | am able to make an effort easily - ami_9 A

I plan my days activities in advance - das_8

| act on things | have thought about during the day - das_16 4
| keep myself busy - das_18 -

Getting things done during the day is important to me. - aes_16 4
| get things done during the day. - aes_2 -

| have initiative. - aes_17 o

| lack motivation - das_11 4

Seeing a job through to the end is important to me. - aes_8 -

I make decisions firmly and without hesitation - ami_5 4

| need a bit of encouragement to get things started - das_1 -

| think of new things to do during the day - das_4

Getting things started on my own is important to me. - aes_3
| am interested in learning new things - aes_5 -

| am interested in having new experiences. - aes_4 -

| spend time doing things that interest me. - aes_9

| am interested in things. - aes_1

| approach life with intensity. - aes_7 A

When something good happens, | get excited. - aes_14 4

| enjoy choosing what to do from a range of activities - ami_17
| have an accurate understanding of my problems. - aes_15
| try new things - das_14

| am spontaneous - das_22

| go out with friends on a weekly basis - ami_8 4

Getting together with friends is important to me. - aes_13

| contact my friends - das_2

| have friends. - aes_12

| suggest activities for me and my friends to do - ami_4

| enjoy doing things with people | have just met - ami_3 4

| start conversations without being prompted - ami_14 4

| start conversations with random people - ami_2 A

| express my emotions - das_3 A

If | realise | have been unpleasant to someone, | will feel terribly guilty |
afterwards - ami_18

| feel awful if | say something insensitive - ami_13 o

When | receive bad news | feel bad about it - das_9

| feel bad when | hear an acquaintance has an accident or illness - ami_16 -

| feel sad or upset when | hear bad news - ami_1 -

| become emotional easily when watching something happy or sad on TV - das_20 -
Based on the last two weeks, | would say | care deeply about how my loved ones |
think of me - ami_7

| am unconcerned about how others feel about my behaviour - das_15 4

After making a decision, | will wonder if | have made the wrong choice - ami_6 -
| am concerned about how my family feel - das_5

Before | do something | think about how others would feel about it - das_7 4

| struggle to empathise with other people - das_12

| feel indifferent to what is going on around me - das_24

| find it difficult to keep my mind on things - das_21

| am easily distracted - das_23 -

When doing a demanding task, | have difficulty working out what | have to do - |
das_17

| find myself staring in to space - das_6 -

| get easily confused when doing several things at once - das_19
| put little effort into anything. - aes_6

| am less concerned about my problems than | should be. - aes_11

Someone has to tell me what to do each day. - aes_10 -+
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A HC (N=8765)

B Depression (N=1324)

Apathy Motivation Index (AMI)

O O0OO0OO0OO0OO0O e

O OO0OO0OO0OO0Oe

Behavioural

1: | get things done when they need to be done, without requiring reminders from others
2: When | decide to do something, | am motivated to see it through to the end

3: When | have something | need to do, | do it straightaway so it is out of the way

4: 1 don't like to laze around

5: When | decide to do something, | am able to make an effort easily

6: | make decisions firmly and without hesitation

Social

7: 1 enjoy doing things with people | have just met

8: | start conversations with random people

9: | start conversations without being prompted

10: | suggest activities for me and my friends to do

11: 1 go out with friends on a weekly basis

12: | enjoy choosing what to do from a range of activities

Emotional

13: If | realise | have been unpleasant to someone, | will feel terribly guilty afterwards
14: | feel awful if | say something insensitive

15: | feel bad when | hear an acquaintance has an accident or iliness

16: | feel sad or upset when | hear bad news

17: Based on the last two weeks, | would say | care deeply about how my loved ones think of me
18: After making a decision, | will wonder if | have made the wrong choice

C Neurocognitive ©
Disorders ©
(N=1154) ®
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