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Background: Parkinson’s disease (PD) entails widespread neurodegenerative

changes extending beyond motor symptoms to cognitive and large-scale

network alterations that compromise functional autonomy. Financial abilities

(FAs) are complex, ecologically relevant skills crucial for independent living,

yet their neurocognitive and neurofunctional substrates in PD remain largely

unexplored. This study investigates the cognitive, structural, and neurofunctional

correlates of basic and advanced FAs in PD with mild cognitive impairment

(PD-MCI), using voxel-based morphometry to identify structural brain changes

associated with FAs and resting-state network analyses to elucidate how brain

connectivity supports preserved financial functioning.

Methods: Thirty three individuals with PD-MCI completed a comprehensive

neuropsychological assessment, including the Numerical Activities of Daily

Living-Financial Short battery, to evaluate basic and advanced FAs. A subset

of patients (n = 24) underwent acquisition of 3T structural and resting-state

functional neuroimaging data. To identify cognitive and neural predictors of

basic and advanced FAs, multiple regression models incorporating demographic

covariates, cognitive and neuroimaging predictors were employed via stepwise

Akaike Information Criterion and LASSO procedures.

Frontiers in Aging Neuroscience 01 frontiersin.org

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://doi.org/10.3389/fnagi.2026.1746491
http://crossmark.crossref.org/dialog/?doi=10.3389/fnagi.2026.1746491&domain=pdf&date_stamp=2026-03-04
mailto:laura.danesin@hsancamillo.it
mailto:francesca.burgio@hsancamillo.it
https://doi.org/10.3389/fnagi.2026.1746491
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnagi.2026.1746491/full
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-18-1746491 February 28, 2026 Time: 16:51 # 2

Danesin et al. 10.3389/fnagi.2026.1746491 

Results: Basic FAs were associated with general cognition and formal 

numerical competence (i.e., arithmetic knowledge), alongside negative 

functional correlations between somatomotor and subcortical networks. 

Advanced FAs were associated with different cognitive functions, such as 

executive ones, informal numerical competencies (i.e., use of numbers in 

everyday life), social cognition, language, and memory, and were linked 

to cerebellar network dynamics, specifically, increased anti-correlation with 

salience and limbic systems and enhanced synchronization with frontoparietal 

and subcortical circuits. 

Discussion: FAs in PD-MCI rely on a dynamic balance between network 

specialization and compensatory integration, reflecting adaptive reorganization 

of cortico-subcortical and cerebellar systems that may sustain complex 

cognitive functioning and functional independence. 

KEYWORDS 

cognitive functions, cognitive impairment, financial abilities, fMRI, functional 
connectivity, MRI, Parkinson’s disease 

1 Introduction 

Parkinson’s disease (PD) is one of the most common 
neurodegenerative disorders (de Lau and Breteler, 2006), 
characterized by core motor diÿculties such as bradykinesia, 
resting tremor, rigidity, and postural instability (Wu et al., 2012). 
In recent decades, the literature has increasingly focused on the 
non-motor symptoms of PD, including psychiatric concerns, 
sensory deficits, circadian rhythm disruptions, and cognitive 
impairment (De Rui et al., 2020), which can significantly aect 
patients’ quality of life and incur high healthcare costs (Silva 
et al., 2023). Notably, non-motor symptoms can occur before 
motor ones, with nearly 20% of patients showing mild cognitive 
impairment (MCI) at diagnosis (Aarsland et al., 2021). Of note, 
a recent meta-analysis of prospective population-based studies 
identified that individuals later diagnosed with PD showed baseline 
MMSE scores on average 0.3 points lower than healthy controls 
(Peña Arauzo et al., 2025). The primary cognitive deficits in PD 
patients involve attention, processing speed, working memory, 
set-shifting, and planning, along with diÿculties in visuospatial 
skills, memory, language, or numerical competencies (Barone 
et al., 2011; Burgio et al., 2022b), ultimately disrupting the patients’ 
ability to independently perform daily tasks (Hiseman and Fackrell, 
2017), such as taking medications or managing finances. 

Notably, financial abilities (FAs) are fundamental to an 
individual’s independence and autonomy in everyday life 
(Marson et al., 2000), encompassing both basic practical tasks 
(e.g., counting currency) and advanced skills (e.g., managing 
household finances or identifying fraud attempts). Clinically, 
this distinction mirrors increasing functional complexity, 
with basic FAs reflecting simpler, routine financial tasks and 
advanced FAs requiring higher-order cognitive processes such 
as planning, judgment, and decision-making. However, even 
basic financial skills rely on preserved attentional, executive, 
and numeracy abilities, underscoring that financial functioning 
primarily reflects instrumental activities of daily living (IADL) 

rather than basic ADL (for a comprehensive overview, see 
also Marson, 2016). From a conceptual perspective, financial 
abilities are not a unitary construct, but rather encompass 
multiple, partially dissociable components spanning knowledge, 
skills, judgment, and decision-making processes. Influential 
capacity-based frameworks conceptualize financial abilities as 
part of decisional capacity, emphasizing an individual’s ability 
to understand financial information, appreciate its relevance 
to one’s personal situation, reason about available options, and 
communicate a choice (Appelbaum et al., 2016; Grisso and 
Appelbaum, 1998). Similarly, cognitive-functional models of 
financial capacity distinguish between foundational skills (e.g., 
basic numeracy, currency handling) and higher-order abilities 
that require complex integration of cognitive, emotional, and 
contextual information, such as financial judgment, planning, 
and fraud detection (Marson, 2016). More recently, integrative 
models have highlighted that real-world financial decision-making 
depends not only on classical cognitive domains but also on 
numerical competence, risk evaluation, and socio-cognitive 
processes, particularly in aging and neurodegenerative conditions 
(Callis et al., 2023). 

In the context of Parkinson’s disease, previous studies have 
identified deficits in basic areas of FAs in patients both with 
and without cognitive impairment (Martin et al., 2013). In 
contrast, advanced FAs seem to be relatively preserved even 
in patients with PD and dementia (Martin et al., 2013). 
Interestingly, no significant correlation has been identified 
between FAs and cognitive performance in patients with PD 
(Pirogovsky et al., 2013, 2014). However, prior studies have 
predominantly focused on classical cognitive domains (i.e., 
attention, memory, executive functions, language, and visuospatial 
abilities) and have not investigated other functions that may 
be implicated in FAs, such as numerical competence or social 
cognition. In fact, deficits in these areas have been reported 
in the literature (Burgio et al., 2022b; Palmeri et al., 2017), 
but to date, they have not been directly explored in relation 
to FAs. 
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Moreover, the functional neural underpinnings of FAs remain 
scarcely studied in this population. Resting-state functional 
MRI (fMRI) is widely used to characterize intrinsic large-scale 
functional connectivity supporting cognitive functions and enables 
the investigation of network-level organization independent of 
task performance and motor confounds, which are relevant 
in PD-MCI. Notably, several studies have observed functional 
reorganization in large-scale resting-state networks in patients 
with PD (Tessitore et al., 2019), particularly in the attentive, 
executive, and default mode (DMN) networks (Menon, 2011; 
Sang et al., 2015). Decreased connectivity within the DMN has 
been identified as a core feature in patients with PD-MCI or 
dementia (Díez-Cirarda et al., 2018; Wolters et al., 2019). Similarly, 
disrupted connectivity between the attentive [i.e., dorsal attention 
network (DAN); salience ventral attention network (SVAN)] and 
executive [control network (CON)] networks, as well as decreased 
connectivity within the visual network (VIS), appears to aect 
cognitive performance (Baggio et al., 2015; Hou et al., 2021; 
Putcha et al., 2015). 

In addition to functional network alterations, structural 
connectivity in PD-MCI has been widely studied using voxel-based 
morphometry (VBM), which is a powerful whole-brain approach 
for detecting structural brain alterations associated with cognitive 
impairment. Structural MRI studies have revealed consistent gray 
matter (GM) atrophy in regions linked to executive memory 
and function, including the prefrontal cortex, insular, and striatal 
structures (Lee et al., 2014; Wang et al., 2025). By employing VBM, 
it is possible to identify spatially distributed patterns of atrophy 
that are linked to cognitive decline in PD-MCI, thereby elucidating 
the neuroanatomical basis of cognitive impairment and disease 
progression (Burgio et al., 2022b; Summerfield et al., 2005). 

However, to the best of our knowledge, no previous study has 
directly examined the relationship between the structural changes 
and functional network alterations in financial management in 
this population. Therefore, the primary aim of the present 
exploratory study is to investigate the neurocognitive correlates 
and predictors of FAs in patients with PD-MCI, shedding light 
on the mechanisms underlying both basic and advanced FAs. In 
particular, as individuals with PD-MCI may exhibit diÿculties 
in numerical competencies (Burgio et al., 2022b), we aim to 
expand previous findings on the cognitive predictors of FAs, 
disentangling the association between numerical competencies 
and the basic and advanced components of FAs in this 
population. Moreover, we aim to explore whether dierent 
structural and functional network features may be involved in 
basic and advanced FAs, to generate the basis for additional 
hypotheses to be tested in future studies. Consistent with FAs 
models (Callis et al., 2023; Marson, 2016), we operationalized 
financial abilities along a continuum from basic to advanced 
tasks. We hypothesized that basic FAs would correlate primarily 
with classical cognitive domains and numerical competence, 
whereas advanced FAs would show stronger associations with 
integrative executive and decision-making processes. Furthermore, 
given evidence of both functional network disruptions and 
structural atrophy in PD-MCI, we hypothesized that distinct 
neural correlates underlie basic vs. advanced FAs, with global 
and network-level alterations more strongly associated with 
advanced FAs. 

2 Materials and methods 

The present study is part of a clinical trial registered on 
Clinicaltrials.gov (NCT05826548). 

2.1 Participants 

Thirty three patients with PD-MCI (10 females, 23 males) 
were recruited from patients admitted to IRCCS San Camillo 
Hospital or referred for clinical screening due to suspected 
cognitive impairment from September 2021 to February 2025. 
Participants had a mean age of 72 years (SD = 9) and a mean 
education of 11 years (SD = 4). Inclusion criteria were: (i) age 
at onset 40–85 years old; (ii) diagnosis of PD-MCI (Litvan et al., 
2012); (iii) absence of psychiatric illnesses and/or comorbidity with 
other neurological pathologies; (iv) ability to provide informed 
consent. 

Patients underwent cognitive and clinical assessments, as 
well as neuroimaging data acquisition. All evaluations were 
performed by experienced and trained neuropsychologists. 
Evaluations were conducted preferably during the morning, 
during the ON period of patients’ usual dopaminergic 
therapy (details on patients’ pharmacotherapies are reported 
in Supplementary material). 

All participants in the study voluntarily participated and 
provided informed consent, in accordance with the principles 
outlined in the Declaration of Helsinki. The study was approved by 
the Ethics Committee of Venice and IRCCS San Camillo Hospital 
(Venice, Italy), reference number 1081/IRCCS San Camillo. 

2.2 Cognitive assessment 

Each patient completed a comprehensive neuropsychological 
evaluation, which included measures of attention, executive 
functions, memory, visuospatial abilities, calculation, language, 
and social cognition. In particular, the following tests were 
administered: (i) Mini-Mental State Examination (MMSE) (Magni 
et al., 1996) and Montreal Cognitive Assessment (MoCA) 
(Santangelo et al., 2015) for general cognitive functioning; (ii) 
Trail Making Test (TMT) (Giovagnoli et al., 1996) for attention; 
(iii) Stroop test (Caarra et al., 2002a), Clock Drawing Test 
(CDT) (Mondini et al., 2003), and Phonological fluencies (i.e., 
naming of F-words, A-words and S-words) (Carlesimo et al., 1996) 
for executive functions; (iv) Rey Auditory Verbal Learning Test 
(RAVLT) (Carlesimo et al., 1996), Prose memory (Spinnler, 1987), 
and recall of the Rey-Osterrieth Complex Figure (ROCF-recall) 
(Caarra et al., 2002b) for learning and memory domain; (v) copy 
of the Rey-Osterrieth Complex Figure (ROCF-copy) (Caarra et al., 
2002b) for the visuospatial and visuoconstructive domain; (vi) 
Semantic fluencies (i.e., naming of fruits, animals and car brands) 
(Novelli et al., 1986) for the language domain; (vii) the Numerical 
Activities of Daily Living Short version (NADL) (Burgio et al., 
2022a) for informal (i.e., use of numbers in everyday situations) 
and formal numerical competencies (i.e., scholastic arithmetical 
knowledge); (viii) the Story-Based Empathy Task (SET) (Dodich 
et al., 2015) for social cognition. 
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2.3 Evaluation of financial abilities 

Patients’ financial abilities were assessed using the Numerical 
Activities of Daily Living-Financial Short version (NADL-
F) (Toano et al., 2021). The NADL-F was validated in a 
heterogeneous sample of neurological patients and is designed 
to assess seven components of financial abilities, ranging 
from daily tasks (e.g., counting currencies) to advanced 
skills (e.g., financial judgments) related to higher-order 
cognitive functioning. Specifically, the seven subscales are the 
following: 

1. Counting Currencies (maximum score = 3) evaluates whether 
the participant is familiar with the Euro currency and is able 
to perform simple mental calculations, analogous to those 
involved in simple cash transactions, but in a simplified setting 
(e.g., the patient is given an amount of coins and bills and is 
asked to count them out loud). 

2. Reading Abilities (maximum score = 3) assesses whether the 
participant is able to deal with written information about 
money in everyday life situations (e.g., the patient is asked to 
check the cost of some items on a supermarket receipt). 

3. Item Purchase (maximum score = 4) assesses the participant’s 
ability to perform operations (e.g., calculations, considering 
relevant information) necessary for making cash transactions 
during real-life shopping (e.g., the patient is given an amount 
of coins and bills and is asked to give the examiner the amount 
needed to pay for some fruits). 

4. Percentages (maximum score = 3) assesses whether the 
participant can perform mental calculations with percentages 
in real-life contexts (e.g., the patient is asked to calculate the 
discounted price of some clothes). 

5. Bill Payments (maximum score = 2) evaluates knowledge 
regarding managing bills (e.g., the patient is asked to organize 
in chronological order some bills on the basis of the 
due payment dates). 

6. Financial Concepts (maximum score = 6) assesses the 
participant’s knowledge of financial concepts that are relevant 
in the Italian cultural context (e.g., the patient is asked 
to provide a description of International Bank Account 
Number (IBAN), or Indicatore della Situazione Economica 
Equivalente (ISEE), a tool used in Italy to assess a family’s 
economic situation for accessing subsidized social benefits). 

7. Financial Judgments (maximum score = 2) assesses whether 
the participant can make informed financial judgments and 
identify fraudulent behaviors (e.g., the examiner presents the 
patient with a short story and asks them to assess whether the 
character is being defrauded). 

2.4 Neuroimaging 

2.4.1 Data acquisition 

Structural MRI was acquired to identify structural brain 
changes associated with Fas. Resting-state fMRI was performed to 
characterize intrinsic large-scale functional connectivity supporting 
financial abilities. 

Structural and functional MRI data were collected for a subset 
of participants (n = 24) using a 3T Philips Ingenia scanner (Philips 
Medical Systems, Best, The Netherlands) with a 32-channel receiver 
head coil. Nine patients were excluded due to clinical and/or 
safety concerns (claustrophobia, presence of a pacemaker, metallic 
prosthesis, etc.). 

The T1-weighted [(3-dimensional Magnetization Prepared T1 
weighted Rapid Gradient Echo (MP-RAGE)] anatomical images 
were acquired at 0.8 mm3 spatial resolution, repetition time 
(TR) = 10 ms, echo time (TE) = 4.6 ms, inversion time 
(TI) = 950 ms, flip angle (FA) = 8 degrees. Resting-state functional 
MRI data were acquired at 1.96 × 1.96 × 2.4 mm3 spatial 
resolution, TR = 2.1 s, TE = 30 ms, number of slices = 60, number 
of volumes = 421, flip angle = 90 degrees, multiband factor = 3, 
SENSE factor = 1.2. 

2.4.2 Preprocessing and analysis 

Structural preprocessing included bias field correction (ANTs), 
brain extraction (ANTs), and tissue segmentation [Computational 
Anatomy Toolbox; segmentation into GM, white matter (WM), 
and cerebrospinal fluid (CSF)]. 

Functional preprocessing comprised slice timing correction, 
motion correction (MCFLIRT of FSL) (Jenkinson et al., 2012), 
distortion correction (TOPUP of FSL), denoising steps including 
confound regression (WM and CSF, motion parameters, and outlier 
scans identified with ART) through CONN toolbox (Whitfield-
Gabrieli and Nieto-Castanon, 2012), high-pass filter (0.01 Hz), 
ICA-based artifact removal using ICA-FIX (Grianti et al., 2014; 
Salimi-Khorshidi et al., 2014), as well as low-pass filter (0.1 Hz). 
Participants with a framewise displacement higher than 0.5 mm 
were excluded. 

Voxel-based morphometry (VBM) indices were derived from 
T1-weighted anatomical images using the Computational Anatomy 
Toolbox (CAT12 toolbox) (Gaser et al., 2024) to quantify variations 
in brain tissue composition (specifically GM, WM, and CSF). 

The cerebral cortex of each patient was then divided into 100 
regions of interest (ROIs) based on the functional atlas of interest 
(Schaefer et al., 2018), which includes seven functional networks: 
VIS, Somatomotor (SMN), DAN, SVAN, Limbic (LIM), CON, and 
DMN. Additionally, 10 subcortical regions were extracted from 
the AAL3 atlas (Rolls et al., 2020), together with the cerebellum 
(see Figure 1 for a graphical representation of the dierent brain 
regions involved in each network). Time series were extracted for 
each brain region in the parcellation by averaging the preprocessed 
blood oxygen level-dependent (BOLD) fMRI signal within each 
node at each time point, and then correlated using Pearson’s 
linear correlation to obtain a 112-by-112 functional connectivity 
(FC) matrix containing the correlation index between each pair of 
regions. The z-Fisher transformation was applied to the obtained 
FC matrices, and the values were scaled to the range [0, 1]. 

Graph metrics, including average node strength and global 
eÿciency, were selected to capture complementary aspects of 
network organization (Bullmore and Sporns, 2009; Luo et al., 2015; 
Tinaz et al., 2017). Those metrics were computed using the Brain 
Connectivity Toolbox (BCT) (Rubinov et al., 2009). Node strength 
is defined as the sum of weights of all edges connected to a given 
node, then averaged across networks. It reflects the overall level 
of connectivity or influence of that region within the network. 
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FIGURE 1 

Graphical representations of the brain regions involved in each functional network, as identified by the Schaefer’s and AAL3’s atlases, highlighted in 
different colors. SMN, somatomotor network; VIS, visual network; DAN, dorsal attention network; SVAN, salience ventral attention network; LIM, 
limbic network; CON, Control network; DMN, default mode network. 

Then, global eÿciency, defined as the inverse of the average path 
length between all pairs of nodes, was calculated on the scaled 
FC matrices, with higher values indicating more integrated and 
eÿcient communication across the network. The average path 
length refers to the mean of the shortest paths connecting every 
pair of nodes in the network, providing a measure of how easily 
information can travel across the network. Shorter average path 
lengths indicate that nodes can communicate more eÿciently, 
reflecting a more integrated network organization. 

In addition to global metrics, within- and between-network 
connectivity measures were computed (Boon et al., 2020). Within-
network connectivity refers to the average FC across nodes 
belonging to the same functional network (e.g., DMN, CON). It 
reflects the cohesion and integrity of a given network. Between-
network connectivity, on the other hand, measures the average 
connectivity between regions across dierent networks and is 
typically used to assess the degree of functional segregation or 
integration between brain systems. 

2.5 Statistical analysis 

All statistical analyses were performed using the open-source 
software RStudio (version 4.5.1) (R Core Team, 2020). Statistical 
significance was set at p < 0.05. Missing data were present 
for some variables; however, for all variables the proportion of 
missing values was below 25%. Accordingly, missing data were 
imputed using multivariate imputation by chained equations 
(MICE), which preserves the underlying distribution of the data 
(Nich and Carroll, 2002). 

The main characteristics of the sample were analyzed using 
descriptive statistics, i.e., mean and standard deviation (SD) for 
quantitative variables, and absolute frequencies (n) and percentages 
(%) for qualitative variables. 

Participants’ raw scores on the neuropsychological tests were 
first corrected for demographic characteristics (age, education, 
and/or gender) based on the normative rules for each test, and 
were then converted into z-scores based on a sample of age-
and education-matched healthy controls. Healthy controls’ data 
were drawn from the NADL-F and NADL validation datasets 

(Arcara et al., 2019; Semenza et al., 2014) (see Supplementary 
material for additional information). The patients’ z-scores 
were then averaged to form 7 composite variables representing 
each cognitive domain (general cognitive functioning, attention, 
executive functions, memory, language, visuospatial abilities, social 
cognition). Similarly, z-scores were computed for the informal 
and formal components of the NADL test. NADL-F subtests were 
summed to create basic and advanced scores of FAs and then 
z-scored based on the performance of healthy controls. Specifically, 
the basic FAs domain comprised the “Counting currency,” “Reading 
abilities,” “Item purchase,” and “Percentages” subtests, while the 
advanced FAs domain comprised the “Financial concepts,” “Bill 
payments,” and “Financial Judgments” subtests. An impaired 
performance was defined as a z-score equal to or below −1.5. 

Initial data analysis was conducted using non-parametric 
partial correlations to investigate the interdependencies among 
the variables, while accounting for the potential influence of age, 
sex, and years of education on test outcomes. This approach 
was chosen due to the small sample size (N = 33) and the 
exploratory nature of the study, allowing us to detect potential 
associations without relying on parametric assumptions. The 
resulting correlation coeÿcients (rho) provide a robust estimate 
of relationships independent of demographic influences. Cognitive 
composite scores were correlated with the continuous scores 
on the NADL informal and formal tests, as well as with 
NADL-F basic and advanced scores. Similarly, cognitive, NADL, 
and NADL-F scores were correlated with VBM and functional 
metrics. The interpretation of correlation coeÿcients followed 
the classification proposed by Schober et al. (Schober et al., 
2018): rho < 0.10 = negligible; 0.10 < rho < 0.39 = weak; 
0.40 < rho < 0.69 = moderate; 0.70 < rho < 0.89 = strong; 
rho > 0.90 = very strong. 

Then, to identify cognitive and neural predictors associated 
with diÿculties in basic and advanced financial skills, multiple 
regression models were first constructed using cognitive variables 
(numerical abilities, general cognitive functioning, attention, 
executive functions, memory, language, visuospatial abilities, and 
social cognition) as predictors, and financial abilities as continuous 
dependent variables. Age, gender, and level of education were 
included as covariates. Multicollinearity among predictors was 
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assessed using the Variance Inflation Factor (VIF), with VIF > 5 
indicating high multicollinearity, which can lead to unstable 
regression coeÿcients (Hair et al., 2019). To select the optimal set 
of predictors, stepwise procedures based on the Akaike Information 
Criterion (AIC) and penalized regression models (LASSO) were 
employed. The predictive accuracy of the models was evaluated 
using 10-fold cross-validation (James et al., 2021). 

Lastly, limited to the subgroup of patients with available 
neuroimaging data, extended models were developed by including 
brain variables, such as measures of structural and FC. The 
extended models were compared to the previous ones to assess 
the incremental contribution of neural variables in explaining 
financial performance. 

3 Results 

3.1 Clinical characteristics of the sample 

At the cognitive evaluation, participants showed slight 
impairments on the two screening tests, with average scores of 
27.51 (SD = 2.02) and 23.06 (SD = 5.46) for the MMSE and 
MoCA, respectively. From a qualitative point of view, some 
patients exhibited impairments in general cognitive functioning 
(30.3%), attention (24.2%), executive functions (24.2%), memory 
(24.2%), language (24.2%), visuospatial abilities (15.2%), and social 
cognition (18.2%). In the NADL test, 12.1% of patients had 
diÿculties with formal numerical competencies, while only 1 
patient (3%) had diÿculties with the informal ones. Lastly, at 
the NADL-F test, 18.2% of participants were impaired in basic 
FAs, while 12.1% were impaired in advanced FAs. Table 1 reports 
the main demographic and clinical characteristics of the sample. 
Notably, no significant dierences were observed between patients 
with neuroimaging data and the entire sample. 

3.2 Cognitive correlates of FAs 

Figure 2 reports the correlations between FAs and cognitive 
measures. Basic FAs were moderately correlated with language 
(rho = 0.53, p < 0.001), while showing lower correlations with 
general cognitive functioning (rho = 0.24, p = 0.016). Advanced 
FAs showed low associations with cognition, namely executive 
functions (rho = 0.28, p = 0.006) and social cognition (rho = 0.31, 
p = 0.002). 

Conversely, formal numerical competence was moderately 
correlated with general cognitive functioning (rho = 0.53, 
p < 0.001) and visuospatial abilities (rho = 0.56, p < 0.001), and 
showed low correlations with executive functions (rho = 0.20, 
p < 0.046) and memory (rho = 0.27, p = 0.008). On the other 
hand, informal numerical competence was correlated with general 
cognitive functioning (rho = 0.31, p = 0.002), language (rho = 0.32, 
p = 0.001), memory (rho = 0.29, p = 0.004), and social cognition 
(rho = 0.35, p < 0.001). 

A significant correlation was observed between advanced FAs 
and informal numerical competencies (rho = 0.27, p = 0.008), while 
no significant correlation emerged between basic FAs and formal or 
informal numerical competencies (p > 0.050). 

3.3 Neural correlates of FAs 

Figures 3–5 report the correlations between FAs and 
neuroimaging measures. Regarding neuroanatomical metrics 
(Figure 3), advanced FAs were negatively correlated with CSF 
volume (rho = -0.51, p = 0.017), whereas no significant correlations 
emerged between the VBM metrics and basic FAs, formal or 
informal numerical competencies. 

When considering the association between numerical 
competencies and functional metrics, informal numerical 
competence showed moderate negative correlations with 
within-network connectivity in the CON network (rho = -0.54, 
p = 0.012) and with the LIM-CON between-network connectivity 
(rho = -0.47, p = 0.033). Formal numerical competence was 
negatively correlated with within-network connectivity in the 
LIM (rho = -0.47, p = 0.030) and DMN networks (rho = -0.52, 
p = 0.015). 

Basic FAs exhibited moderate negative correlations with 
within-network connectivity in the DAN (rho = -0.46, p = 0.036), 
and with the VIS-DAN (rho = -0.57, p = 0.007), SMN-
DAN (rho = -0.68, p = 0.001), SMN-Subcortical (rho = -
0.48, p = 0.029), SVAN-Subcortical between-network connectivity 
(rho = -0.47, p = 0.032). Significant correlations between basic 
FAs and within- and between-network connectivity of large-
scale brain networks are presented in Figure 4. Moreover, 
a significant negative correlation was observed between basic 
FAs and node strength in the LIM (rho = -0.46, p = 0.037) 
(Figure 5). 

Lastly, advanced FAs showed no significant correlations with 
functional metrics (see Supplementary Figures S1, S2 for a complete 
overview of the correlation coeÿcients between FC metrics and 
basic/advanced FAs). 

3.4 Cognitive predictors of FAs 

All cognitive and demographic variables were included in 
the preliminary models. Variance Inflation Factor (VIF) values 
remained below the critical threshold of 5 for both the basic 
financial abilities model (maximum VIF = 3.12) and the advanced 
financial abilities model (maximum VIF = 3.12), indicating 
negligible multicollinearity risk. 

In the multiple linear regression model with LASSO 
regularization (Table 2), variance in basic FAs performance 
was moderately explained by cognitive and demographic 
predictors (R2 = 0.65; adj. R2 = 0.57). Among the predictors, 
the following factors emerged as significant: general cognition 
(β = 0.66, p = 0.002), formal numerical competence (β = -
0.76, p = 0.021), and education (β = 0.23, p < 0.001). The 
model’s predictive accuracy yielded a root mean squared error 
(RMSE) of 1.77 (SD = 1.23) for the optimal penalty parameter 
(λ = 0.132). 

For the model concerning advanced FAs (Table 2), multiple 
linear regression analyses yielded an R2 of 0.49 (adj. R2 = 0.44). 
The most relevant predictors, identified via LASSO, were executive 
function (β = 0.30; p = 0.072), age (β = -0.05; p = 0.012), and 
education (β = 0.12; p = 0.007). The RMSE for the optimal penalty 
parameter (λ = 0.18) was 1.07 (SD = 0.16). 
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TABLE 1 Sociodemographic characteristics and cognitive profile of the patients enrolled in the study. 

Characteristics Whole sample (N = 33) Neuroimaging subsample (N = 24) U/X2 (p-value) 

Age, years 72 (± 9)/71 [13] 74 (± 8)/74 [13] 346 (0.422) 

Education, years 11 (± 4)/11 [5] 10 (± 4)/11 [8] 349 (0.446) 

Gender, n 10 F, 23 M 8 F, 16 M 0.059 (0.808) 

Disease duration, years 8.67 (± 5.9)/7.79 [10.00] 8.12 (± 5.45)/8.25 [9.29] 208 (1.000) 

Leovodopa equivalent daily dose, mg 827.88 (± 500.21)/650 [517.32] 712.75 (± 445.65)/567 [267.36] 284 (0.307) 

MMSE, score 27.5 (± 2.02)/27.86 [2.96] 27.6 (± 2.17)/28.15 [2.96] 380 (0.801) 

MoCA, score 23.1 (± 5.46)/24.58 [7] 23.0 (± 6.05)/25.16 [7.71] 389 (0.910) 

Global cognition, z-score −0.68 (± 1.54)/-0.68 [1.37] −0.70 (± 1.06)/-0.63 [1.61] 392 (0.955) 

Attention, z-score 0.87 (± 0.42)/0.80 [0.13] −0.67 (± 1.06)/0.83 [0.15] 367 (0.645) 

Executive function, z-score 0.07 (± 0.77)/-0.04 [0.64] −0.85 (± 1.32)/0.01 [0.71] 389 (0.916) 

Memory, z-score −0.81 (± 0.96)/-0.83 [1.43] −0.89 (± 0.85)/-1.03 [1.63] 389 (0.910) 

Language, z-score −0.49 (± 1.44)/-0.55 [1.60] −0.62 (± 1.53)/-0.84 [1.11] 392 (0.948) 

Visuospatial abilities, z-score −0.18 (± 1.19)/0.27 [0.70] −0.59 (± 1.43)/0.29 [0.43] 385 (0.865) 

Social cognition, z-score −0.77 (± 1.43)/-0.50 [1.76] −0.52 (± 1.36)/-0.69 [2.61] 145 (0.867) 

Informal numerical competencies, z-score 0.18 (± 0.96)/0.31 [1.19] 0.51 (± 0.94)/0.20 [1.00] 134 (0.592) 

Formal numerical competencies, z-score −0.22 (± 0.84)/-0.26 [1.03] −0.35 (± 0.94)/0.08 [1.03] 142 (0.802) 

Basic FAs, z-score −0.34 (± 1.95)/0.13 [1.42] −0.49 (± 1.54)/0.07 [1.56] 391 (0.942) 

Advanced FAs, z-score 0.16 (± 1.26)/0.24 [1.40] 0.13 (± 1.32)/0.07 [1.29] 342 (0.382) 

Means and (±) standard deviations/median and interquartile range, or number of patients, are reported separately for the whole sample and for patients with neuroimaging data. Results of 
the Mann-Whitney U test or the Chi-square test (χ2) are reported for continuous and categorical variables, respectively, to assess whether the neuroimaging subsample diered statistically 
from the full sample in cognitive and clinical characteristics. MMSE, Mini-mental State Examination; MoCA, Montreal Cognitive Assessment; FAs, Financial Abilities. 

3.5 Neurofunctional predictors of FAs 

In the subsample of patients with available neuroimaging 
data (n = 24), including FC measures significantly improved 
model fit for both basic (R2 = 0.84; adj. R2 = 0.81;  adj. 
R2 

≈ 0.24) and advanced FAs (R2 = 0.89; adj. R2 = 0.77;  
adj. R2 

≈ 0.34). These results suggest that brain connectivity 
variables oer incremental explanatory value beyond cognitive and 
demographic predictors. 

In multiple linear regression models that also included 
neuroimaging variables (Table 3), LASSO penalized regression 
(optimal λ = 0.43; RMSE = 1.87; SD = 2.25) revealed the 
following variables to be significant for basic FAs: language 
(β = 0.9; p < 0.001), SMN within-network connectivity (β = -
9.33; p < 0.001), between-network connectivity in SMN-subcortical 
(β = -7.64; p < 0.001). 

For advanced FAs model (Table 3), the most relevant predictors 
for LASSO penalized regression were: language (β = 0.93, 
p = 0.002), memory (β = -1.01, p = 0.005), age (β = 0.09, 
p = 0.016), WM absolute (β = 0.02, p = 0.004), GM relative 
(β = 31.02, p = 0.017), WM relative (β = 41.50, p = 0.003), 
SMN within-network connectivity (β = -4.93, p = 0.001), 
SVAN-Cerebellum between-network connectivity (β = -15.31, 
p < 0.001), LIM-Cerebellum between-network connectivity 
(β = -1.97, p = 0.033), CON-Cerebellum between-network 
connectivity (β = 4.27, p = 0.008), Subcortical-Cerebellum between-
network connectivity (β = 6.82, p = 0.003), and SMN node 
strength (β = 0.14, p = 0.001), with a cross-validated predictive 
accuracy of R2 = 0.26 (optimal λ = 0.63; RMSE = 1.21; 
SD = 0.36). 

4 Discussion 

The present study aimed to investigate financial abilities (FAs) 
in individuals with Parkinson’s disease and Mild Cognitive 
Impairment (PD-MCI), focusing on their cognitive and 
neurofunctional underpinnings. Overall, our findings indicate 
that, although basic and advanced FAs may share certain cognitive 
substrates, they also rely on distinct neurofunctional mechanisms 
in this population. 

4.1 Cognitive correlates of FAs 

In terms of cognitive correlates, basic FAs were significantly 
correlated with general cognition, particularly language abilities, 
while formal numerical competence emerged as a significant 
factor influencing basic FAs in the regression analysis. These 
associations are consistent with the notion that even simple 
financial transactions require integrating verbal comprehension 
and numerical reasoning. In particular, this finding extends 
previous studies reporting that patients with PD-MCI exhibit 
significant impairments in formal numerical competence (Burgio 
et al., 2022b), suggesting that these deficits may extend beyond 
abstract tasks and manifest in diÿculties with routine financial 
activities, such as handling change or shopping for everyday goods. 
This underscores how subtle cognitive changes in individuals with 
PD-MCI can compromise autonomy in daily life. 

In contrast, advanced FAs were linked to higher-order 
cognitive processes, including executive functions and social 
cognition. However, our modeling results further indicated that 
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FIGURE 2 

Spearman’s correlation coefficients between FAs components and cognitive functions. Positive correlations are depicted in red, negative ones in 
blue. Significant correlations are highlighted with an asterisk (***p < 0.001; **p < 0.01; *p < 0.05). 

advanced financial tasks do not rely on a single cognitive 
domain but rather on the coordinated contribution of multiple 
cognitive mechanisms, encompassing language, memory, and 
formal numerical competencies. This pattern suggests that, 
as task complexity increases, patients may engage a broader 
range of cognitive strategies to sustain domain-specific abilities, 
potentially reflecting an adaptive but potentially less eÿcient 
processing approach. We might speculate that these patterns reflect 
compensatory mechanisms, which could explain the preserved 
performance in some advanced financial tasks despite underlying 
cognitive impairment. 

Therefore, contrary to previous research that failed to identify 
significant associations between FAs and cognition in PD, either 
with or without MCI (Pirogovsky et al., 2013, 2014), our 
study revealed meaningful relationships between both basic and 
advanced FAs and specific cognitive domains. This discrepancy 
may reflect dierences in patient characteristics and assessment 
tools, as our cohort may have been more cognitively compromised 
than those in earlier studies. Although direct comparisons 
between the cognitive profiles of the samples are diÿcult due 
to dierences in the neuropsychological measures administered 
across studies, the patients with PD-MCI described in Pirogovsky’s 
study (Pirogovsky et al., 2014) were on average younger than those 
included in the present study (mean age of the PD-MCI subgroup: 
69.2, SD: 7.1), with a shorter disease duration (mean years since 
diagnosis: 5.1, SD: 4.3), which may suggest overall a more preserved 
profile compared to our sample (Aarsland et al., 2021). Moreover, 

our use of the NADL-F, a measure specifically validated in the 
Italian context, could have oered a more ecologically valid 
and culturally sensitive assessment of everyday financial skills. 
Nevertheless, replication in other cultural contexts is needed to 
confirm the generalizability of these findings. 

Interestingly, in models including only behavioral variables, 
both basic and advanced FAs were significantly related to 
demographic characteristics, such as participants’ educational 
levels. Education may serve as a proxy for an individual’s overall 
cognitive reserve, which is the ability to cope with neural damage 
through compensatory strategies (Nucci et al., 2012; Stern, 2009). 
In this view, our findings may suggest a potential role of cognitive 
reserve in maintaining everyday independence in individuals with 
PD-MCI, aligning also with prior studies on patients with MCI 
caused by other underlying conditions (Allegri et al., 2010; Poletti 
et al., 2011). Nevertheless, education was no longer a significant 
factor when neuroimaging variables were included in the models. 
This finding may reflect the fact that neuroimaging markers more 
directly capture disease-related neural changes, such as regional 
brain atrophy or alterations in functional networks, that have a 
stronger impact on cognitive performance than proxy measures of 
personal experiences, including education. Neuroimaging variables 
may therefore represent the downstream neural substrates through 
which education and cognitive reserve exert their eects, thereby 
attenuating the independent contribution of education once 
these brain-based measures are taken into account. Accordingly, 
future research should examine this topic more thoroughly by 
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FIGURE 3 

Spearman’s correlation coefficients between FAs components and structural neuroimaging metrics. Positive correlations are depicted in red, 
negative ones in blue. Significant correlations are highlighted with an asterisk (*p < 0.05). WM, white matter; GM, gray matter; CSF, cerebrospinal 
fluid; TIV, total intracranial volume; rel, relative volume; abs, absolute volume. 

FIGURE 4 

Significant correlations between basic financial abilities (FAs) and measures of functional connectivity (FC) for large-scale brain networks. 
Spearman’s rho values and p-values are reported. Notably, no significant correlation was observed between FC measures and advanced FAs. DAN, 
dorsal attention network; SMN, somatosensory network; SVAN, salience ventral attention network; VIS, visual network. 
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FIGURE 5 

Spearman’s correlation coefficients between FAs components and graph theory metrics. Positive correlations are depicted in red, negative ones in 
blue. Significant correlations are highlighted with an asterisk (*p < 0.05). SMN, somatomotor network; VIS, visual network; DAN, dorsal attention 
network; SVAN, salience ventral attention network; LIM, limbic network; CON, Control network; DMN, default mode network. 

also considering other important factors, such as occupational 
complexity and participation in cognitively stimulating leisure 
activities, which can contribute to cognitive reserve. 

4.2 Neuroimaging correlates of FAs 

From a neuroimaging perspective, our results reveal distinct 
associations between financial abilities and large-scale brain 
network organization, supporting the notion that financial 
competence depends on a balance between network specialization, 
integration, and structural integrity. 

Preserved performance in basic FAs was correlated with less 
integration within the DAN, as well as anti-correlation between 
the VIS and DAN, and between the SMN and DAN, suggesting a 
more eÿcient specialization of these networks. Such segregation 
is thought to support more eÿcient network specialization by 
limiting cross-network interference and allowing each system to 
operate more autonomously in accordance with its functional 
role (Bullmore and Sporns, 2009; Wig, 2017). Accordingly, the 
present findings may reflect a relatively preserved or compensatory 
network organization in which more autonomous and functionally 
distinct sensory and attentional processes support the eÿcient 
execution of perceptually guided financial tasks. These findings 
are consistent with previous evidence showing altered connectivity 
within and between large-scale brain networks in PD (Baggio 
et al., 2015; Putcha et al., 2015; Sang et al., 2015; Tessitore 
et al., 2019), specifically reporting reduced network segregation 
between attentional and sensory systems (Baggio et al., 2015; 

Olde Dubbelink et al., 2014). For instance, Baggio et al. (2015) 
reported widespread changes in resting-state network organization, 
particularly within visual and attentional circuits, which were 
associated with cognitive impairment in PD. Similarly, Putcha 
et al. (2015) demonstrated abnormal coupling among core 
neurocognitive networks, highlighting disrupted balance between 
network integration and segregation as a potential mechanism 
underlying cognitive deficits. In this context, our results extend 
these observations by suggesting that a more eÿcient functional 
specialization of sensory and attentional networks may help sustain 
basic financial skills, even in the presence of disease-related 
alterations. 

Additionally, in regression models, basic FAs were associated 
with less integration within the somatomotor network, along with 
negative between-network connectivity between the SMN and 
subcortical regions. This result suggests adaptive segregation of 
motor loops from cognitive circuits, which may limit the spread 
of pathological motor-loop activity into executive and valuation 
networks. Moreover, this pattern aligns with prior evidence of 
altered sensorimotor-subcortical coupling in Parkinson’s disease 
(Sharman et al., 2013) and computational models linking basal 
ganglia dynamics to distributed network reconfiguration (Maith 
et al., 2021). Nevertheless, as these findings may reflect a 
confounding factor related to the motor symptomatology of PD 
(Tessitore et al., 2019; Tuovinen et al., 2018), future work should 
control for motor severity and dopaminergic state, and employ 
approaches (e.g., eective connectivity) able to determine whether 
this decoupling is causally compensatory or merely correlational 
with motor decline. 
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Regarding advanced FAs, we found associations with both 
structural preservation and functional mechanisms, with a 
prominent involvement of the cerebellum in the latter case. 
Concerning neuroanatomical metrics, the negative association 
between advanced FAs and CSF volume suggests that greater 
global brain atrophy is linked to poorer performance in 
more complex financial abilities. CSF volume is commonly 
considered an indirect marker of diuse brain atrophy, reflecting 
cumulative neurodegenerative burden rather than focal gray 
matter loss (Ferrarini et al., 2008; Jack et al., 2000). Advanced 
financial abilities likely rely on the integration of multiple 
cognitive domains, as highlighted also by our exploratory 
correlational analysis, which are supported by distributed brain 
networks. As such, these higher-order abilities may be particularly 
sensitive to global structural deterioration, whereas more basic 
financial skills may remain relatively preserved until later stages 
of neurodegeneration. The absence of significant associations 
between voxel-based morphometry metrics and basic FAs, 
formal numeracy, or informal numeracy further supports the 
notion that these abilities are less dependent on focal gray 
matter integrity and may be sustained by more resilient or 
redundant neural systems. This pattern is consistent with 
evidence in Parkinson’s disease indicating that global measures 
of brain atrophy are more strongly related to complex cognitive 
outcomes than regional gray matter changes, particularly in 
non-demented or early stage patients (Aarsland et al., 2010; 
Mak et al., 2014). 

Regarding neurofunctional mechanisms, preserved advanced 
FAs were linked to two complementary patterns of FC based on the 
cerebellum: (i) anti-correlation between the SVAN and cerebellar 
networks and between the LIM and cerebellar networks, and (ii) 
functional synchronization between frontoparietal-cerebellar and 
subcortical-cerebellar circuits. This dual configuration suggests 
that preserved financial decision-making relies on a finely 
balanced interplay between network specialization and cross-
network communication. Opposing interactions of salience and 
limbic systems from the cerebellum may reflect a more modular 
and eÿcient organization, whereby the cerebellum operates with 
minimal interference from attentional and emotional systems. The 
involvement of limbic regions in financial processing has been 
reported in a previous study in patients with MCI related to AD 
pathology (Benavides-Varela et al., 2020), which suggested that 
altered limbic structures may lead to financial diÿculties linked to 
emotional processing deficits. Our findings in patients with PD-
MCI suggest that anti-correlation between limbic regions and the 
cerebellum may facilitate the execution of financial tasks, possibly 
by reducing emotional interference and enhancing goal-directed 
control. Similarly, given the present findings, we may speculate that 
stronger synchronization of cerebellar activity with frontoparietal 
and subcortical circuits likely might represent a compensatory 
mechanism supporting executive monitoring, working memory, 
and reward-based learning, which are essential for complex 
financial reasoning. These findings are consistent with evidence 
that the cerebellum forms reciprocal loops with both cortical 
control systems and basal ganglia structures, contributing to 
higher-order cognitive and aective processes in PD (Li et al., 2023; 
O’Callaghan et al., 2016). Similarly, our findings extend previous 
studies linking altered cerebellar FC with cortical and subcortical 
areas to the severity of non-motor symptoms (Pietracupa et al., 

2024). In particular, our results highlight that preserved selective 
segregation and integration of cerebello-cortical and cerebello-
subcortical networks support a high-level non-motor function, 
that is, financial competence. Collectively, these data support a 
model in which cerebellar network dynamics serve a key role in 
maintaining adaptive cognitive behavior despite dopaminergic and 
frontostriatal disruption. These results contribute to a growing 
body of evidence suggesting that changes in FC are not uniformly 
detrimental but may, in certain cases, represent adaptive network 
reorganization aimed at supporting everyday cognitive functioning 
in Parkinson’s disease. 

Moreover, better advanced FAs were significantly associated 
with higher volumes of both GM and WM. This finding may 
suggest that structural integrity is fundamental to maintaining 
functional autonomy in daily tasks, and it also aligns with previous 
studies describing structural loss in PD patients with cognitive 
impairments (Aarsland et al., 2017). 

Overall, based on our data, we speculate that basic FAs may 
be more sensitive to neurofunctional changes, while advanced 
FAs may be more linked to widespread functional alterations 
and structural damage. Indeed, prior studies reported that, in 
the earlier phases of neural alteration, functional reorganization 
and compensatory mechanisms may sustain adequate performance 
despite subtle connectivity disruptions (Putcha et al., 2016; 
Tessitore et al., 2019). However, as structural damage progresses 
(e.g., cortical thinning or atrophy), these compensatory processes 
may become insuÿcient, leading to deficits in complex, higher-
order tasks, such as the financial ones. This interpretation aligns 
with longitudinal evidence indicating that functional changes often 
precede structural degeneration in PD, initially acting as adaptive 
responses to preserve cognitive performance (Sang et al., 2015). 
Nevertheless, since the present study acquired structural and 
functional neuroimaging data at a single time point, future studies 
should explore in greater depth the associations between financial 
competencies and longitudinal changes in neuroimaging metrics, 
also employing approaches that allow causal inferences. 

Lastly, we observed that including structural and functional 
variables in the analyses improved model performance 
compared to models that used only cognitive measures. This 
emphasizes the importance of combining behavioral evaluations, 
such as neuropsychological assessments, with neuroimaging 
measurements to improve diagnosis and patient management. 

4.3 Limitations and future directions 

This study has some limitations that should be acknowledged. 
First, all data were collected at a single time point, making the 
findings correlational in nature. Consequently, we cannot draw 
conclusions regarding causal relationships or the progression of 
disease over time. Future studies should replicate and complement 
our findings by collecting longitudinal designs to better explore 
how cognitive and neural factors relate to the progression of 
financial diÿculties in Parkinson’s disease. Second, the relatively 
small sample size and the availability of neuroimaging data 
for only a subset of participants limited the statistical power, 
preventing the use of more advanced analytical methods. Third, 
as the study was exploratory, no formal corrections for multiple 
comparisons were applied in order to limit the risk of type II 
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TABLE 2 Results of the multiple linear regression analyses with LASSO regularization predicting financial abilities (FAs) using only cognitive variables. 

Outcome Predictor Estimate SE t-value p-value 

(a) Basic FAs General cognition 0.66 0.19 3.48 0.002 ** 

Social cognition −0.36 0.18 −1.98 0.058 . 

Language 0.31 0.18 1.76 0.090 . 

Formal numerical competence −0.76 0.31 −2.45 0.021 * 

Gender (male) −0.78 0.54 −1.45 0.158 

Education 0.23 0.06 3.85 0.001 *** 

(b) Advanced FAs Executive function 0.30 0.18 1.65 0.072 . 

Age −0.05 0.02 −2.53 0.012 * 

Education 0.12 0.04 2.70 0.007 ** 

For each model, the dependent variable (outcome), predictor variables, coeÿcient estimates (Estimate), standard errors (SE), t-values, and p-values are reported. Significance codes: “***” 
p < 0.001; “**” p < 0.01; “*” p < 0.05; “·” p < 0.1; “ ” p ≥ 0.1. 

TABLE 3 Results of the multiple linear regression analyses with LASSO regularization for models predicting financial abilities (FAs) including cognitive 
and neuroimaging outcomes. 

Outcome Predictor Estimate SE t-value p-value 

(a) Basic FAs Language 0.9 0.7 4.73 < 0.001 *** 

SMN wn-FC −9.33 1.22 −7.65 < 0.001 *** 

SMN-subcorticals bn-FC −7.64 1.76 −4.35 < 0.001 * 

(b) Advanced FAs Language 0.94 0.23 4.04 0.002 ** 

Memory −1.01 0.29 −3.55 0.005 ** 

Formal numerical competence 0.2 0.21 0.94 0.37 

Age 0.09 0.03 2.88 0.016 * 

WM absolute 0.02 0.01 3.76 0.004 ** 

GM relative 31.02 10.84 2.86 0.017 * 

WM relative 41.50 10.89 3.81 0.003 ** 

SMN wn-FC −4.93 1.03 −4.8 0.001 *** 

SVAN-Cer bn-FC −15.31 2.78 −5.5 < 0.001 *** 

LIM-Cer bn-FC −1.97 0.8 −2.47 0.033 * 

CON-Cer bn-FC 4.27 1.29 3.31 0.008 ** 

Subcorticals-Cer bn-FC 6.82 1.76 3.88 0.003 ** 

SMN node strength 0.14 0.03 4.42 0.001 ** 

For each model, the dependent variable (outcome), predictor variables, coeÿcient estimates (Estimate), standard errors (SE), t-values, and p-values are reported. Significance codes: “***” 
p < 0.001; “**” p < 0.01; “*” p < 0.05; “·” p < 0.1; “ ” p ≥ 0.1. SMN, somatomotor network; VIS, visual network; DAN, dorsal attention network; LIM, limbic network; CON, Control network; 
wn-FC, within-network functional connectivity; bn-FC, between-network functional connectivity; WM, white matter; GM, gray matter; Cer, cerebellum. 

errors, and potentially obscuring meaningful results. Nevertheless, 
this limitation should be considered when interpreting the 
results (Perneger, 1998; Rothman, 1990). Fourth, the use of 
a culturally specific measure of financial abilities (NADL-F) 
may limit the generalizability of our findings, which should 
be replicated across diverse cultural and linguistic contexts to 
verify their broader relevance. Moreover, the absence of more 
detailed clinical data, such as standardized assessments of motor 
impairment [e.g., the Unified Parkinson’s Disease Rating Scale 
(UPDRS)], limited our ability to fully explore the influence of 
motor symptoms on financial functioning. Motor symptoms may 
influence financial performance by aecting the execution of 
complex actions, processing speed, or attentional control, which 
are often required during financial tasks. Future studies should 
include specific measures to clarify the contribution of motor 

deficits in this crucial skill. Finally, the current study relied 
on resting-state and structural neuroimaging. Future research 
would benefit from task-based fMRI paradigms in which patients 
perform real-life financial tasks in the scanner, enabling a more 
direct investigation of the neural mechanisms supporting financial 
abilities in Parkinson’s disease. 

5 Conclusion 

In summary, the present study provides novel evidence on 
the cognitive and neurofunctional mechanisms that underlie 
financial abilities in individuals with Parkinson’s disease and Mild 
Cognitive Impairment. 
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Our findings show that basic financial tasks depend primarily 
on language and numerical competence and benefit from adaptive 
functional reorganization involving attentive, somatomotor and 
subcortical systems. In contrast, advanced financial competence 
engages distributed executive, mnemonic, and social-cognitive 
processes, supported by a cerebellar network configuration 
characterized by negative correlation with salience and limbic 
circuits and synchronization with frontoparietal and subcortical 
systems. This pattern suggests that eective financial decision-
making depends on a dynamic balance between network 
specialization and compensatory integration. 

Overall, these findings support a multidimensional model 
where both cognitive integrity and network organization jointly 
contribute to sustaining functional autonomy in PD-MCI. 
Assessing financial capacity through specific tools may therefore 
oer valuable insights into real-world functioning and serve as 
an early indicator of cognitive and neural decline. Future studies 
should replicate these results with larger samples and longitudinal 
designs, incorporating multimodal imaging approaches to 
clarify the temporal dynamics linking cognitive dysfunction, 
network reorganization, and everyday financial competence in 
Parkinson’s disease. 

Data availability statement 

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation. 

Ethics statement 

The studies involving humans were approved by the Ethics 
Committee of Venice and IRCCS San Camillo Hospital (Venice, 
Italy). The studies were conducted in accordance with the 
local legislation and institutional requirements. The participants 
provided their written informed consent to participate in this study. 

Author contributions 

LD: Conceptualization, Writing – review & editing, 
Investigation, Writing – original draft, Formal analysis, Data 
curation, Methodology, Visualization. GP: Methodology, Data 
curation, Investigation, Writing – review & editing, Formal 
analysis, Writing – original draft. LM: Formal analysis, Writing – 
review & editing, Writing – original draft, Methodology, 
Investigation. GB: Conceptualization, Investigation, Writing – 
review & editing, Supervision, Methodology, Writing – original 
draft. ArM: Writing – review & editing. EP: Investigation, Writing – 
review & editing. AlM: Writing – review & editing. TC: Writing – 
review & editing. LR: Writing – review & editing. KK: Writing – 
review & editing. RB: Writing – review & editing. GF: Writing – 

review & editing. CS: Writing – review & editing. AA: Writing – 
review & editing. PM: Writing – review & editing. AV: Writing – 
review & editing, Supervision. FB: Methodology, Supervision, 
Conceptualization, Writing – original draft, Funding acquisition, 
Writing – review & editing. 

Funding 

The author(s) declared that financial support was received for 
this work and/or its publication. This work was supported by the 
“Progetto giovani ricercatori: FINAGE” (GR-2018-12367927) from 
the Italian Ministry of Health to FB. GP is supported by the PhD 
fellowship awarded under DM 118/2023 from the Italian Ministry 
of University and Research (MUR). 

Conflict of interest 

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Generative AI statement 

The author(s) declared that generative AI was not used in the 
creation of this manuscript. 

Any alternative text (alt text) provided alongside figures in 
this article has been generated by Frontiers with the support of 
artificial intelligence and reasonable eorts have been made to 
ensure accuracy, including review by the authors wherever possible. 
If you identify any issues, please contact us. 

Publisher’s note 

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their aÿliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher. 

Supplementary material 

The Supplementary Material for this article can be found 
online at: https://www.frontiersin.org/articles/10.3389/fnagi.2026. 
1746491/full#supplementary-material 

Frontiers in Aging Neuroscience 13 frontiersin.org 

https://doi.org/10.3389/fnagi.2026.1746491
https://www.frontiersin.org/articles/10.3389/fnagi.2026.1746491/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2026.1746491/full#supplementary-material
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-18-1746491 February 28, 2026 Time: 16:51 # 14

Danesin et al. 10.3389/fnagi.2026.1746491 

References 
Aarsland, D., Batzu, L., Halliday, G. M., Geurtsen, G. J., Ballard, C., Ray Chaudhuri, K., 
et al. (2021). Parkinson disease-associated cognitive impairment. Nat. Rev. Dis. Primers 
7:47. doi: 10.1038/s41572-021-00280-3 

Aarsland, D., Bronnick, K., Williams-Gray, C., Weintraub, D., Marder, K., Kulisevsky, 
J., et al. (2010). Mild cognitive impairment in Parkinson disease: A multicenter pooled 
analysis. Neurology 75, 1062–1069. doi: 10.1212/WNL.0b013e3181f39d0e 

Aarsland, D., Creese, B., Politis, M., Chaudhuri, K. R., Ffytche, D. H., Weintraub, D., 
et al. (2017). Cognitive decline in Parkinson disease. Nat. Rev. Neurol. 13, 217–231. 
doi: 10.1038/nrneurol.2017.27 

Allegri, R. F., Taragano, F. E., Krupitzki, H., Serrano, C. M., Dillon, C., Sarasola, 
D., et al. (2010). Role of cognitive reserve in progression from mild cognitive 
impairment to dementia. Dement. Neuropsychol. 4, 28–34. doi: 10.1590/S1980-
57642010DN40100005 

Appelbaum, P. S., Spicer, C. M., Valliere, F. R., and National Academies of Sciences 
and Medicine. (2016). “Abilities required to manage and direct the management of 
benefits,” in Informing Social Security’s Process for Financial Capability Determination 
(National Academies Press (US)). 

Arcara, G., Burgio, F., Benavides-Varela, S., Toano, R., Gindri, P., Tonini, E., et al. 
(2019). Numerical Activities of Daily Living–Financial (NADL-F): A tool for the 
assessment of financial capacities‡ . Neuropsychol. Rehabil. doi: 10.1080/09602011. 
2017.1359188 

Baggio, H. C., Segura, B., Sala-Llonch, R., Marti, M. J., Valldeoriola, F., Compta, 
Y., et al. (2015). Cognitive impairment and resting-state network connectivity in 
Parkinson’s disease. Hum. Brain Mapp. 36, 199–212. doi: 10.1002/hbm.22622 

Barone, P., Aarsland, D., Burn, D., Emre, M., Kulisevsky, J., and Weintraub, D. 
(2011). Cognitive impairment in nondemented Parkinson’s disease. Mov. Disord. 26, 
2483–2495. doi: 10.1002/mds.23919 

Benavides-Varela, S., Burgio, F., Weis, L., Mitolo, M., Palmer, K., Toano, R., et al. 
(2020). The role of limbic structures in financial abilities of mild cognitive impairment 
patients. Neuroimage Clin. 26:102222. doi: 10.1016/j.nicl.2020.102222 

Boon, L. I., Hepp, D. H., Douw, L., van Geenen, N., Broeders, T. A. A., Geurts, J. J. G., 
et al. (2020). Functional connectivity between resting-state networks reflects decline in 
executive function in Parkinson’s disease: a longitudinal fMRI study. Neuroimage Clin. 
28:102468. doi: 10.1016/j.nicl.2020.102468 

Bullmore, E., and Sporns, O. (2009). Complex brain networks: graph theoretical 
analysis of structural and functional systems. Nat. Rev. Neurosci. 10, 186–198. doi: 
10.1038/nrn2575 

Burgio, F., Danesin, L., Benavides-Varela, S., Meneghello, F., Butterworth, B., Arcara, 
G., et al. (2022a). Numerical activities of daily living: A short version. Neurol. Sci. 43, 
967–978. doi: 10.1007/s10072-021-05391-z 

Burgio, F., Filippini, N., Weis, L., Danesin, L., Ferrazzi, G., Garon, M., et al. (2022b). 
Neurocognitive correlates of numerical abilities in Parkinson’s disease. Neurol Sci. 43, 
5313–5322. doi: 10.1007/s10072-022-06228-z 

Caarra, P., Vezzadini, G., Dieci, F., Zonato, F., and Venneri, A. (2002a). A short 
version of the Stroop test: Normative data in an Italian population sample. Nuova Riv. 
Neurol. 12, 111–115. 

Caarra, P., Vezzadini, G., Dieci, F., Zonato, F., and Venneri, A. (2002b). Rey-
Osterrieth complex figure: Normative values in an Italian population sample. Neurol. 
Sci. 22, 443–447. doi: 10.1007/s100720200003 

Callis, Z., Gerrans, P., Walker, D. L., and Gignac, G. E. (2023). The association between 
intelligence and financial literacy: A conceptual and meta-analytic review. Intelligence 
100:101781. doi: 10.1016/j.intell.2023.101781 

Carlesimo, G. A., Caltagirone, C., Gainotti, G., Fadda, L., Gallassi, R., Lorusso, S., et al. 
(1996). The mental deterioration battery: Normative data, diagnostic reliability and 
qualitative analyses of cognitive impairment. Eur. Neurol. 36, 378–384. doi: 10.1159/ 
000117297 

de Lau, L. M., and Breteler, M. M. (2006). Epidemiology of Parkinson’s disease. Lancet 
Neurol. 5, 525–535. doi: 10.1016/S1474-4422(06)70471-9 

De Rui, M., Inelmen, E. M., Trevisan, C., Pigozzo, S., Manzato, E., and Sergi, 
G. (2020). Parkinson’s disease and the non-motor symptoms: hyposmia, weight 
loss, osteosarcopenia. Aging Clin. Exp. Res. 32, 1211–1218. doi: 10.1007/s40520-020-
01470-x 

Díez-Cirarda, M., Strafella, A. P., Kim, J., Peña, J., Ojeda, N., Cabrera-Zubizarreta, 
A., et al. (2018). Dynamic functional connectivity in Parkinson’s disease patients with 
mild cognitive impairment and normal cognition. Neuroimage Clin. 17, 847–855. 
doi: 10.1016/j.nicl.2017.12.013 

Dodich, A., Cerami, C., Canessa, N., Crespi, C., Iannaccone, S., Marcone, A., 
et al. (2015). A novel task assessing intention and emotion attribution: Italian 
standardization and normative data of the Story-based Empathy Task. Neurol. Sci. 36, 
1907–1912. doi: 10.1007/s10072-015-2281-3 

Ferrarini, L., Palm, W. M., Olofsen, H., van der Landen, R., van Buchem, M. A., Reiber, 
J. H. C., et al. (2008). Ventricular shape biomarkers for Alzheimer’s disease in clinical 
MR images. Magnetic Resonance Med. 59, 260–267. doi: 10.1002/mrm.21471 

Gaser, C., Dahnke, R., Thompson, P. M., Kurth, F., Luders, E., and The Alzheimer’s 
Disease Neuroimaging Initiative (2024). CAT: a computational anatomy toolbox for 

the analysis of structural MRI data. Gigascience 13:giae049. doi: 10.1093/gigascience/ 
giae049 

Giovagnoli, A. R., Del Pesce, M., Mascheroni, S., Simoncelli, M., Laiacona, M., and 
Capitani, E. (1996). Trail making test: Normative values from 287 normal adult 
controls. Italian J. Neurol. Sci. 17, 305–309. doi: 10.1007/BF01997792 

Grianti, L., Salimi-Khorshidi, G., Beckmann, C. F., Auerbach, E. J., Douaud, 
G., Sexton, C. E., et al. (2014). ICA-based artefact removal and accelerated fMRI 
acquisition for improved resting state network imaging. Neuroimage 95, 232–247. 
doi: 10.1016/j.neuroimage.2014.03.034 

Grisso, T., and Appelbaum, P. S. (1998). Assessing Competence to Consent to 
Treatment: A Guide for Physicians and Other Health Professionals. Oxford University 
Press. 

Hair, J. F., Black, W. C., Babin, B. J., and Anderson, R. E. (2019). Multiple Regression 
Analysis: Multivariate Data Analysis. Boston, MA: Cengage, 292–307. 

Hiseman, J. P., and Fackrell, R. (2017). Caregiver burden and the nonmotor symptoms 
of Parkinson’s disease. Int. Rev. Neurobiol. 133, 479–497. doi: 10.1016/bs.irn.2017.05. 
035 

Hou, Y., Wei, Q., Ou, R., Zhang, L., Yuan, X., Gong, Q., et al. (2021). Dierent 
resting-state network disruptions in newly diagnosed drug-naïve Parkinson’s disease 
patients with mild cognitive impairment. BMC Neurol. 21:327. doi: 10.1186/s12883-
021-02360-z 

Jack, C. R. J., Petersen, R. C., Xu, Y., O’Brien, P. C., Smith, G. E., Ivnik, R. J., et al. 
(2000). Rates of hippocampal atrophy correlate with change in clinical status in aging 
and AD. Neurology 55, 484–489. doi: 10.1212/wnl.55.4.484 

James, G., Witten, D., Hastie, T., and Tibshirani, R. (2021). Linear Model Selection and 
Regularization: An Introduction to Statistical Learning: with Applications in R. Cham: 
Springer, 225–288. 

Jenkinson, M., Beckmann, C. F., Behrens, T. E., Woolrich, M. W., and Smith, 
S. M. (2012). FSL. Neuroimage 62, 782–790. doi: 10.1016/j.neuroimage.2011. 
09.015 

Lee, J. E., Cho, K. H., Song, S. K., Kim, H. J., Lee, H. S., Sohn, Y. H., et al. 
(2014). Exploratory analysis of neuropsychological and neuroanatomical correlates of 
progressive mild cognitive impairment in Parkinson’s disease. J. Neurol. Neurosurg. 
Psychiatry 85, 7–16. doi: 10.1136/jnnp-2013-305062 

Li, T., Le, W., and Jankovic, J. (2023). Linking the cerebellum to Parkinson disease: an 
update. Nat. Rev. Neurol. 19, 645–654. doi: 10.1038/s41582-023-00874-3 

Litvan, I., Goldman, J. G., Tröster, A. I., Schmand, B. A., Weintraub, D., Petersen, 
R. C., et al. (2012). Diagnostic criteria for mild cognitive impairment in Parkinson’s 
disease: movement Disorder Society Task Force guidelines. Mov. Disord. 27, 349–356. 
doi: 10.1002/mds.24893 

Luo, C. Y., Guo, X. Y., Song, W., Chen, Q., Cao, B., Yang, J., et al. (2015). Functional 
connectome assessed using graph theory in drug-naive Parkinson’s disease. J. Neurol. 
262, 1557–1567. doi: 10.1007/s00415-015-7750-3 

Magni, E., Binetti, G., Bianchetti, A., Rozzini, R., and Trabucchi, M. (1996). Mini-
Mental State Examination: A normative study in Italian elderly population. Eur. J. 
Neurol. 3, 198–202. 

Maith, O., Villagrasa Escudero, F., Dinkelbach, H. Ü, Baladron, J., Horn, A., Irmen, 
F., et al. (2021). A computational model-based analysis of basal ganglia pathway 
changes in Parkinson’s disease inferred from resting-state fMRI. Eur. J. Neurosci. 53, 
2278–2295. doi: 10.1111/ejn.14868 

Mak, E., Bergsland, N., Dwyer, M. G., Zivadinov, R., and Kandiah, N. (2014). 
Subcortical atrophy is associated with cognitive impairment in mild Parkinson 
disease: A combined investigation of volumetric changes, cortical thickness, and 
vertex-based shape analysis. Am. J. Neuroradiol. 35, 2257–2264. doi: 10.3174/ajnr.A4 
055 

Marson, D. (2016). Conceptual models and guidelines for clinical assessment of 
financial capacity. Arch. Clin. Neuropsychol. 31, 541–553. 

Marson, D. C., Sawrie, S. M., Snyder, S., McIntur, B., Stalvey, T., Boothe, A., et al. 
(2000). Assessing financial capacity in patients with Alzheimer disease: a conceptual 
model and prototype instrument. Arch. Neurol. 57, 877–884. doi: 10.1001/archneur. 
57.6.877 

Martin, R. C., Triebel, K. L., Kennedy, R. E., Nicholas, A. P., Watts, R. L., Stover, 
N. P., et al. (2013). Impaired financial abilities in Parkinson’s disease patients with 
mild cognitive impairment and dementia. Parkinsonism Relat. Disord. 19, 986–990. 
doi: 10.1016/j.parkreldis.2013.06.017 

Menon, V. (2011). Large-scale brain networks and psychopathology: a unifying triple 
network model. Trends Cogn. Sci. 15, 483–506. doi: 10.1016/j.tics.2011.08.003 

Mondini, S., Mapelli, D., and Bisiacchi, P. (2003). Esame Neuropsicologico Breve. 

Nich, C., and Carroll, K. M. (2002). ‘Intention-to-treat’meets ‘missing data’: 
Implications of alternate strategies for analyzing clinical trials data. Drug Alcohol 
Dependence 68, 121–130. doi: 10.1016/s0376-8716(02)00111-4 

Novelli, G., Papagno, C., Capitani, E., and Laiacona, M. (1986). Tre test clinici 
di ricerca e produzione lessicale. Taratura su sogetti normali. Arch. Psicol. Neurol. 
Psichiatr. 

Frontiers in Aging Neuroscience 14 frontiersin.org 

https://doi.org/10.3389/fnagi.2026.1746491
https://doi.org/10.1038/s41572-021-00280-3
https://doi.org/10.1212/WNL.0b013e3181f39d0e
https://doi.org/10.1038/nrneurol.2017.27
https://doi.org/10.1590/S1980-57642010DN40100005
https://doi.org/10.1590/S1980-57642010DN40100005
https://doi.org/10.1080/09602011.2017.1359188
https://doi.org/10.1080/09602011.2017.1359188
https://doi.org/10.1002/hbm.22622
https://doi.org/10.1002/mds.23919
https://doi.org/10.1016/j.nicl.2020.102222
https://doi.org/10.1016/j.nicl.2020.102468
https://doi.org/10.1038/nrn2575
https://doi.org/10.1038/nrn2575
https://doi.org/10.1007/s10072-021-05391-z
https://doi.org/10.1007/s10072-022-06228-z
https://doi.org/10.1007/s100720200003
https://doi.org/10.1016/j.intell.2023.101781
https://doi.org/10.1159/000117297
https://doi.org/10.1159/000117297
https://doi.org/10.1016/S1474-4422(06)70471-9
https://doi.org/10.1007/s40520-020-01470-x
https://doi.org/10.1007/s40520-020-01470-x
https://doi.org/10.1016/j.nicl.2017.12.013
https://doi.org/10.1007/s10072-015-2281-3
https://doi.org/10.1002/mrm.21471
https://doi.org/10.1093/gigascience/giae049
https://doi.org/10.1093/gigascience/giae049
https://doi.org/10.1007/BF01997792
https://doi.org/10.1016/j.neuroimage.2014.03.034
https://doi.org/10.1016/bs.irn.2017.05.035
https://doi.org/10.1016/bs.irn.2017.05.035
https://doi.org/10.1186/s12883-021-02360-z
https://doi.org/10.1186/s12883-021-02360-z
https://doi.org/10.1212/wnl.55.4.484
https://doi.org/10.1016/j.neuroimage.2011.09.015
https://doi.org/10.1016/j.neuroimage.2011.09.015
https://doi.org/10.1136/jnnp-2013-305062
https://doi.org/10.1038/s41582-023-00874-3
https://doi.org/10.1002/mds.24893
https://doi.org/10.1007/s00415-015-7750-3
https://doi.org/10.1111/ejn.14868
https://doi.org/10.3174/ajnr.A4055
https://doi.org/10.3174/ajnr.A4055
https://doi.org/10.1001/archneur.57.6.877
https://doi.org/10.1001/archneur.57.6.877
https://doi.org/10.1016/j.parkreldis.2013.06.017
https://doi.org/10.1016/j.tics.2011.08.003
https://doi.org/10.1016/s0376-8716(02)00111-4
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-18-1746491 February 28, 2026 Time: 16:51 # 15

Danesin et al. 10.3389/fnagi.2026.1746491 

Nucci, M., Mapelli, D., and Mondini, S. (2012). Cognitive Reserve Index questionnaire 
(CRIq): a new instrument for measuring cognitive reserve. Aging Clin. Exp. Res. 24, 
218–226. doi: 10.3275/7800 

O’Callaghan, C., Hornberger, M., Balsters, J. H., Halliday, G. M., Lewis, S. J., and Shine, 
J. M. (2016). Cerebellar atrophy in Parkinson’s disease and its implication for network 
connectivity. Brain 139(Pt 3), 845–855. doi: 10.1093/brain/awv399 

Olde Dubbelink, K. T. E., Schoonheim, M. M., Deijen, J. B., Twisk, J. W. R., Barkhof, 
F., and Berendse, H. W. (2014). Functional connectivity and cognitive decline over 3 
years in Parkinson disease. Neurology 83, 2046–2053. 

Palmeri, R., Lo Buono, V., Corallo, F., Foti, M., Di Lorenzo, G., Bramanti, P., 
et al. (2017). Nonmotor Symptoms in Parkinson Disease: a descriptive review on 
social cognition ability. J. Geriatr. Psychiatry Neurol. 30, 109–121. doi: 10.1177/ 
0891988716687872 

Peña Arauzo, N., Theyer, C., Krismer, F., Djamshidian, A., Poewe, W., Horlings, C., 
et al. (2025). Cognitive changes preceding Parkinson’s disease: A systematic review 
and meta-analysis of prospective population-based studies. Front. Aging Neurosci. 
17:1627221. doi: 10.3389/fnagi.2025.1627221 

Perneger, T. V. (1998). What’s wrong with Bonferroni adjustments. BMJ 316, 1236– 
1238. doi: 10.1136/bmj.316.7139.1236 

Pietracupa, S., Ojha, A., Belvisi, D., Piervincenzi, C., Tommasin, S., Petsas, N., et al. 
(2024). Understanding the role of cerebellum in early Parkinson’s disease: a structural 
and functional MRI study. NPJ Parkinsons Dis. 10:119. doi: 10.1038/s41531-024-
00727-w 

Pirogovsky, E., Martinez-Hannon, M., Schiehser, D. M., Lessig, S. L., Song, D. D., 
Litvan, I., et al. (2013). Predictors of performance-based measures of instrumental 
activities of daily living in nondemented patients with Parkinson’s disease. J. Clin. Exp. 
Neuropsychol. 35, 926–933. doi: 10.1080/13803395.2013.838940 

Pirogovsky, E., Schiehser, D. M., Obtera, K. M., Burke, M. M., Lessig, S. L., Song, 
D. D., et al. (2014). Instrumental activities of daily living are impaired in Parkinson’s 
disease patients with mild cognitive impairment. Neuropsychology 28, 229–237. doi: 
10.1037/neu0000045 

Poletti, M., Emre, M., and Bonuccelli, U. (2011). Mild cognitive impairment and 
cognitive reserve in Parkinson’s disease. Parkinsonism Relat. Disord. 17, 579–586. 
doi: 10.1016/j.parkreldis.2011.03.013 

Putcha, D., Ross, R. S., Cronin-Golomb, A., Janes, A. C., and Stern, C. E. (2015). 
Altered intrinsic functional coupling between core neurocognitive networks in 
Parkinson’s disease. Neuroimage Clin. 7, 449–455. doi: 10.1016/j.nicl.2015.01.012 

Putcha, D., Ross, R. S., Cronin-Golomb, A., Janes, A. C., and Stern, C. E. 
(2016). Salience and default mode network coupling predicts cognition in aging 
and Parkinson’s Disease. J. Int. Neuropsychol. Soc. 22, 205–215. doi: 10.1017/ 
S1355617715000892 

R Core Team (2020). R: A Language and Environment for Statistical Computing. R: 
A Language and Environment for Statistical Computing. Vienna: R Foundation for 
Statistical Computing. 

Rolls, E. T., Huang, C.-C., Lin, C.-P., Feng, J., and Joliot, M. (2020). Automated 
anatomical labelling atlas 3. Neuroimage 206:116189. 

Rothman, K. J. (1990). No adjustments are needed for multiple comparisons. 
Epidemiology 1, 43–46. 

Rubinov, M., Kötter, R., Hagmann, P., and Sporns, O. (2009). Brain connectivity 
toolbox: a collection of complex network measurements and brain connectivity 
datasets. Neuroimage 47:S169. doi: 10.1016/S1053-8119(09)71822-1 

Salimi-Khorshidi, G., Douaud, G., Beckmann, C. F., Glasser, M. F., Grianti, L., 
and Smith, S. M. (2014). Automatic denoising of functional MRI data: combining 
independent component analysis and hierarchical fusion of classifiers. Neuroimage 90, 
449–468. doi: 10.1016/j.neuroimage.2013.11.046 

Sang, L., Zhang, J., Wang, L., Zhang, J., Zhang, Y., Li, P., et al. (2015). 
Alteration of brain functional networks in early-stage Parkinson’s Disease: a 

resting-state fMRI Study. PLoS One 10:e0141815. doi: 10.1371/journal.pone.014 
1815 

Santangelo, G., Siciliano, M., Pedone, R., Vitale, C., Falco, F., Bisogno, R., et al. (2015). 
Normative data for the Montreal Cognitive Assessment in an Italian population 
sample. Neurol. Sci. 36, 585–591. 

Schaefer, A., Kong, R., Gordon, E. M., Laumann, T. O., Zuo, X. N., Holmes, A. J., 
et al. (2018). Local-global parcellation of the human cerebral cortex from intrinsic 
functional connectivity MRI. Cereb. Cortex 28, 3095–3114. doi: 10.1093/cercor/bhx179 

Schober, P., Boer, C., and Schwarte, L. A. (2018). Correlation Coeÿcients: 
appropriate Use and Interpretation. Anesth Analg. 126, 1763–1768. doi: 10.1213/ANE. 
0000000000002864 

Semenza, C., Meneghello, F., Arcara, G., Burgio, F., Gnoato, F., Facchini, S., et al. 
(2014). A new clinical tool for assessing numerical abilities in neurological diseases: 
Numerical activities of daily living. Front. Aging Neurosci. doi: 10.3389/fnagi.2014. 
00112 

Sharman, M., Valabregue, R., Perlbarg, V., Marrakchi-Kacem, L., Vidailhet, M., 
Benali, H., et al. (2013). Parkinson’s disease patients show reduced cortical-subcortical 
sensorimotor connectivity. Mov Disord. 28, 447–454. doi: 10.1002/mds.25255 

Silva, A. B. R. L., de Oliveira, R. W. G., Diógenes, G. P., de Castro Aguiar, M. F., 
Sallem, C. C., Lima, M. P. P., et al. (2023). Premotor, nonmotor and motor symptoms 
of Parkinson’s disease: A new clinical state of the art. Ageing Res. Rev. 84:101834. 
doi: 10.1016/j.arr.2022.101834 

Spinnler, H. (1987). Standardizzazione e taratura Italiana di test neuropsicologici. Ital. 
J. Neurol. Sci. 6, 21–120. 

Stern, Y. (2009). Cognitive reserve. Neuropsychologia 47, 2015–2028. doi: 10.1016/j. 
neuropsychologia.2009.03.004 

Summerfield, C., Junqué, C., Tolosa, E., Salgado-Pineda, P., Gómez-Ansón, B., Martí, 
M. J., et al. (2005). Structural brain changes in Parkinson disease with dementia: a 
voxel-based morphometry study. Arch. Neurol. 62, 281–285. doi: 10.1001/archneur. 
62.2.281 

Tessitore, A., Cirillo, M., and De Micco, R. (2019). Functional connectivity signatures 
of Parkinson’s disease. J. Parkinsons Dis. 9, 637–652. doi: 10.3233/JPD-191592 

Tinaz, S., Lauro, P. M., Ghosh, P., Lungu, C., and Horovitz, S. G. (2017). Changes in 
functional organization and white matter integrity in the connectome in Parkinson’s 
disease. Neuroimage Clin. 13, 395–404. doi: 10.1016/j.nicl.2016.12.019 

Toano, R., Burgio, F., Palmer, K., Benavides-Varela, S., Meneghello, F., Orrù, G., et al. 
(2021). Numerical activities of daily living - financial: a short version. Neurol Sci. 42, 
4183–4191. doi: 10.1007/s10072-021-05047-y 

Tuovinen, N., Seppi, K., de Pasquale, F., Müller, C., Nocker, M., Schocke, M., et al. 
(2018). The reorganization of functional architecture in the early-stages of Parkinson’s 
disease. Parkinsonism Relat. Disord. 50, 61–68. doi: 10.1016/j.parkreldis.2018. 
02.013 

Wang, L., Xiong, X., Liu, J., Liu, R., Liao, J., Li, F., et al. (2025). Gray matter structural 
and functional brain abnormalities in Parkinson’s disease: a meta-analysis of VBM and 
ALFF data. J. Neurol. 272:276. doi: 10.1007/s00415-025-12934-3 

Whitfield-Gabrieli, S., and Nieto-Castanon, A. (2012). Conn: a functional connectivity 
toolbox for correlated and anticorrelated brain networks. Brain Connect. 2, 125–141. 
doi: 10.1089/brain.2012.0073 

Wig, G. S. (2017). Segregated systems of human brain networks. Trends Cogn. Sci. 21, 
981–996. doi: 10.1016/j.tics.2017.09.006 

Wolters, A. F., van de Weijer, S. C. F., Leentjens, A. F. G., Duits, A. A., Jacobs, 
H. I. L., and Kuijf, M. L. (2019). Resting-state fMRI in Parkinson’s disease patients 
with cognitive impairment: a meta-analysis. Parkinsonism Relat. Disord. 62, 16–27. 
doi: 10.1016/j.parkreldis.2018.12.016 

Wu, T., Wang, J., Wang, C., Hallett, M., Zang, Y., Wu, X., et al. (2012). Basal 
ganglia circuits changes in Parkinson’s disease patients. Neurosci. Lett. 524, 55–59. 
doi: 10.1016/j.neulet.2012.07.012 

Frontiers in Aging Neuroscience 15 frontiersin.org 

https://doi.org/10.3389/fnagi.2026.1746491
https://doi.org/10.3275/7800
https://doi.org/10.1093/brain/awv399
https://doi.org/10.1177/0891988716687872
https://doi.org/10.1177/0891988716687872
https://doi.org/10.3389/fnagi.2025.1627221
https://doi.org/10.1136/bmj.316.7139.1236
https://doi.org/10.1038/s41531-024-00727-w
https://doi.org/10.1038/s41531-024-00727-w
https://doi.org/10.1080/13803395.2013.838940
https://doi.org/10.1037/neu0000045
https://doi.org/10.1037/neu0000045
https://doi.org/10.1016/j.parkreldis.2011.03.013
https://doi.org/10.1016/j.nicl.2015.01.012
https://doi.org/10.1017/S1355617715000892
https://doi.org/10.1017/S1355617715000892
https://doi.org/10.1016/S1053-8119(09)71822-1
https://doi.org/10.1016/j.neuroimage.2013.11.046
https://doi.org/10.1371/journal.pone.0141815
https://doi.org/10.1371/journal.pone.0141815
https://doi.org/10.1093/cercor/bhx179
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.3389/fnagi.2014.00112
https://doi.org/10.3389/fnagi.2014.00112
https://doi.org/10.1002/mds.25255
https://doi.org/10.1016/j.arr.2022.101834
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.1001/archneur.62.2.281
https://doi.org/10.1001/archneur.62.2.281
https://doi.org/10.3233/JPD-191592
https://doi.org/10.1016/j.nicl.2016.12.019
https://doi.org/10.1007/s10072-021-05047-y
https://doi.org/10.1016/j.parkreldis.2018.02.013
https://doi.org/10.1016/j.parkreldis.2018.02.013
https://doi.org/10.1007/s00415-025-12934-3
https://doi.org/10.1089/brain.2012.0073
https://doi.org/10.1016/j.tics.2017.09.006
https://doi.org/10.1016/j.parkreldis.2018.12.016
https://doi.org/10.1016/j.neulet.2012.07.012
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	Financial abilities in patients with Parkinson's disease and mild cognitive impairment: unveiling cognitive and neurofunctional correlates of basic and advanced financial skills
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Cognitive assessment
	2.3 Evaluation of financial abilities
	2.4 Neuroimaging
	2.4.1 Data acquisition
	2.4.2 Preprocessing and analysis

	2.5 Statistical analysis

	3 Results
	3.1 Clinical characteristics of the sample
	3.2 Cognitive correlates of FAs
	3.3 Neural correlates of FAs
	3.4 Cognitive predictors of FAs
	3.5 Neurofunctional predictors of FAs

	4 Discussion
	4.1 Cognitive correlates of FAs
	4.2 Neuroimaging correlates of FAs
	4.3 Limitations and future directions

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	graysixtyfiveReferences




