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Background: Gender-related differences in cognitive performances of subjects 
with Parkinson’s Disease and mild cognitive impairment (MCI-PD) have been 
recently investigated in a few studies, yielding heterogeneous results. Cognitive 
stimulation (CS) is a promising non-pharmacological treatment in MCI-PD 
subjects and no data regarding gender differences in its efficacy are available 
yet. The aim of this study was to investigate gender-related differences in 
cognitive functions and CS efficacy in subjects with MCI-PD.
Methods: Forty-five MCI-PD subjects (30 men, 15 women) were randomized 
to a 4-week CS program, delivered either via tele-rehabilitation (TR) or with 
a conventional in-person approach. A broad clinical and neuropsychological 
assessment, including the Cognitive Reserve Index questionnaire, was 
conducted at baseline (T1), post-treatment (T2), and at 6-month follow-up (T3).
Results: At baseline, women showed a lower cognitive reserve (CR) compared 
to men (p = 0.039). After adjusting for CR, women performed worse than men 
in global cognition, attention, and visuospatial abilities. After CS treatment, 
men demonstrated significant improvements in global cognition, language, 
executive functions, working memory, visuospatial abilities, attention, and trait 
anxiety (p < 0.05). Women showed significant improvements in global cognition 
(MoCA, p = 0.036) and mood (BDI, p = 0.021). Men outperformed women in 
several domains, both in TR and in-person rehabilitation groups. Regression 
models revealed a stronger modulatory effect of CR in global cognition, 
attention, memory, and language, in women. After a 6-month treatment 
discontinuation, cognitive performance measures significantly worsened in all 
subjects, regardless of gender.
Conclusion: Our study showed gender-related differences both in cognitive 
functions and in efficacy of CS in subjects with MCI-PD, also highlighting the 
role of cognitive reserve. These findings support the relevance of developing 
gender-tailored cognitive rehabilitation strategies to enhance treatment 
outcomes and improve the quality of life for individuals with MCI-PD.

OPEN ACCESS

EDITED BY

Francesca Mancini,  
Fondazione Don Carlo Gnocchi Onlus 
(IRCCS), Italy

REVIEWED BY

Dejan Georgiev,  
Univerzitetni klinicni center Ljubljana 
Nevroloska klinika, Slovenia
Maria Teresa Pellecchia,  
University of Salerno, Italy

*CORRESPONDENCE

Gennarina Arabia  
 g.arabia@unicz.it

RECEIVED 23 July 2025
ACCEPTED 08 October 2025
PUBLISHED 22 October 2025

CITATION

Iaccino N, Buonocore J, Torchia G, Curcio F, 
Pirrotta FM, Contrada M, Pignolo L, 
Gambardella A and Arabia G (2025) 
Gender-related differences in cognitive 
performance and cognitive stimulation 
efficacy in subjects with Parkinson’s disease 
and mild cognitive impairment.
Front. Aging Neurosci. 17:1672084.
doi: 10.3389/fnagi.2025.1672084

COPYRIGHT

© 2025 Iaccino, Buonocore, Torchia, Curcio, 
Pirrotta, Contrada, Pignolo, Gambardella and 
Arabia. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE  Original Research
PUBLISHED  22 October 2025
DOI  10.3389/fnagi.2025.1672084

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnagi.2025.1672084&domain=pdf&date_stamp=2025-10-22
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1672084/full
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1672084/full
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1672084/full
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1672084/full
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1672084/full
mailto:g.arabia@unicz.it
https://doi.org/10.3389/fnagi.2025.1672084
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://doi.org/10.3389/fnagi.2025.1672084


Iaccino et al.� 10.3389/fnagi.2025.1672084

Frontiers in Aging Neuroscience 02 frontiersin.org

KEYWORDS

Parkinson’s disease, gender, cognitive reserve, cognitive stimulation, cognitive 
impairment, neuroscience

1 Introduction

Mild cognitive impairment (MCI) is a common non-motor 
manifestation of Parkinson’s disease (PD), affecting approximately 
27% of subjects without dementia (Litvan et al., 2011) Referred to as 
MCI-PD, this condition often presents with impairments in executive 
functions, attention, visuospatial skills, and verbal fluency, frequently 
associated with slowed thinking (bradyphrenia). In many cases, the 
clinical picture is further complicated by the coexistence of some 
neuropsychiatric symptoms, such as depression, anxiety, and apathy 
(Litvan et al., 2012; Biundo et al., 2016).

Some studies have explored potential gender differences in 
cognitive functioning among individuals with PD, though findings 
remain heterogeneous. Some evidence suggests that men may 
be more vulnerable to decline in memory (Liu et al., 2015), verbal 
fluency (Locascio et al., 2003; Reekes et al., 2020; Oltra et al., 2022), 
and executive functions (Reekes et al., 2020), while women may show 
greater difficulties in visuospatial processing (Locascio et al., 2003; 
Liu et al., 2015; Oltra et al., 2022) Additionally, male sex has been 
proposed as a risk factor for cognitive decline and the development 
of dementia in PD (Cereda et al., 2016). Additionally, men with PD 
presenting with an akinetic-rigid phenotype (Cerri et al., 2019) or 
carrying GBA mutations (Phongpreecha et  al., 2020) exhibited a 
higher risk of developing cognitive impairment. These observations 
highlighted that gender may influence not only baseline cognitive 
profiles but also the trajectory of cognitive changes over time.

Cognitive reserve, i.e., the capacity of the brain to compensate for 
pathology through pre-existing cognitive resources built up through 
education, occupation, and other life experiences (Stern et al., 2020), 
may act as a modulating factor for cognitive performance. Indeed, a 
higher cognitive reserve has been linked to better cognitive 
functioning and slower decline in various neurodegenerative 
conditions, including PD (Stern, 2012; Hindle et  al., 2016), even 
though how it interacts with gender in MCI-PD remains unknown.

While new disease-modifying pharmacological options for 
cognitive impairment in PD are under investigation, interest has 
grown towards non-pharmacological interventions, such as cognitive 
rehabilitation (Goldman and Sieg, 2020). Cognitive stimulation (CS) 
is one of the most widely used approaches. Previous studies have 
suggested potential benefits of CS for subjects with MCI-PD (Folkerts 
et al., 2018), although existing research data are often limited by small 
sample sizes, heterogenous methodologies, and short follow-up 
durations. Tele-rehabilitation (TR) has emerged more recently as a 
potentially viable and accessible alternative to traditional in-person 
approaches, particularly for individuals with mobility or logistical 
constraints (Cacciante et  al., 2022). To date, no data on gender 
influences on response to cognitive rehabilitation in MCI-PD 
are available.

This study was aimed at investigating gender differences in 
subjects with MCI-PD: (a) in baseline cognitive performances, 
evaluated through a broad structured neuropsychological test battery; 
(b) in the efficacy of CS performed, either in TR or in a conventional 
face-to-face setting.

2 Materials and methods

2.1 Participants and eligibility criteria

A total of 45 participants (30 men and 15 women) with MCI-PD 
were consecutively recruited, between January 2022 and June 2024, 
at the Neurology Unit of the “Magna Graecia” University Hospital 
in Catanzaro, Italy. Participants were eligible if they fulfilled the 
clinical diagnostic criteria for MCI-PD, according to Movement 
Disorder Society -Level I criteria (Litvan et al., 2012). Cognitive 
impairment was identified on the basis of a limited 
neuropsychological battery (i.e., the battery includes less than two 
tests within each of the five cognitive domains, or less than five 
cognitive domains are assessed) with a performance two standard 
deviations below age- and education-adjusted Italian normative 
data on a validated global cognitive screening tool for PD, such as 
Montreal Cognitive Assessment, MoCA (Nasreddine et al., 2005), 
or on at least two neuropsychological tests, with preservation of 
functional independence as determined by Activities of Daily 
Living (ADL) and Instrumental Activities of Daily Living (IADL) 
scores. Only individuals aged between 50 and 85 years and on stable 
pharmacological treatment, for at least 4 weeks prior to baseline, 
were included. Subjects were excluded if they had: (a) other 
neurological diseases likely to affect cognition (e.g., epilepsy, 
multiple sclerosis, moderate-to-severe traumatic brain injury), (b) 
a current major psychiatric disorder (e.g., psychotic disorders or 
severe depression with active symptoms), (c) significant uncorrected 
sensory or language impairments, or (d) any medical condition that 
might compromise compliance with study procedures. Among the 
123 eligible subjects, 78 were excluded because they either did not 
meet the inclusion/exclusion criteria or refused to participate. More 
in details, 52 subjects did not meet eligibility criteria, 16 refused 
participation because of technology barriers (9 men and 7 women), 
and 10 refused without a reported reason (5 men and 5 women). 
Thus, the enrolment rate was 38.96% for men and 31.91% 
for women.

The study was conducted in accordance with the Declaration of 
Helsinki and approved by the Regional Ethics Committee. All 
participants gave written informed consent prior to enrollment. This 
work was carried out within the framework of the MULTIPLAT_
AGE national research project (Pilotto et al., 2024), which promotes 
integrated care strategies for older adults with multimorbidity in Italy.

2.2 Clinical assessment

All participants underwent a comprehensive neurological and 
neuropsychological evaluation. Neurological assessment included the 
Disorder Society  - Unified Parkinson’s Disease Rating Scale 
(MDS-UPDRS) (Goetz et al., 2008) and the Hoehn and Yahr Scale 
(H-Y) (Goetz et al., 2004). Clinical assessment also included Mini 
Nutritional Assessment (MNA) (Vellas et  al., 1999), Cumulative 
Illness Rating Scale (CIRS) (Linn et al., 1968), Activities of Daily 
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Living (ADL) (Devi, 2018), Instrumental Activities of Daily Living 
(IADL) (Mathuranath et  al., 2005). Multidimensional Prognostic 
Index (MPI) (Dent et al., 2016), Caregiver Burden Inventory (CBI) 
(Novak and Guest, 1989) and 36-Item Short Form Survey (SF-36) 
were used for evaluation of caregiver burden and quality of life (Ware 
and Sherbourne, 1992). The Levodopa Equivalent Daily Dose 
(LEDD) (Tomlinson et al., 2010) was calculated to quantify the total 
daily intake of antiparkinsonian drugs. In the neuropsychological 
evaluation, global cognition [Clinical Dementia Rating, CDR 
(Morris, 1993), Mini-Mental State Examination, MMSE (Folstein 
et al., 1975), Montreal Cognitive Assessment, MoCA (Nasreddine 
et al., 2005)] was assessed along with verbal memory [Rey Auditory 
Verbal Learning Test—immediate and delayed recall (Ricci et al., 
2022)], visuospatial abilities [Copy Drawing CD/CDP (Gainotti et al., 
1977)], short term and working memory [Digit Span Forward, FW 
and Backward, BW (Monaco et al., 2013)], attention [Trail Making 
Test A/B, TMT-A/B (Giovagnoli et al., 1996)] and executive functions 
(Frontal Assessment Battery, FAB [Dubois et al., 2000)]. Language 
was assessed using phonemic fluency [FAS (Carlesimo et al., 1996)] 
and Battery for the Analysis of Aphasic Deficits [BADA (Miceli et al., 
1994) names and verbs] for naming and verb generation. Beck 
Depression Inventory-2 [BDI-2 (Richter et al., 1998)] and State–Trait 
Anxiety Inventory (STAI X-1/STAI X-2) were used to evaluate 
emotional status (Spielberger, 1966). Cognitive reserve was evaluated 
using the Cognitive Reserve Index questionnaire (CRIq). The CRIq 
questionnaire assesses an individual’s cognitive reserve by gathering 
information about his/her entire adult life. It is divided into three 
sections: CRI-School, CRI-Work, and CRI-FreeTime (Nucci 
et al., 2019).

The assessments were conducted at baseline, before starting any 
interventions (T1), after 20 sessions of CS (T2), and at a follow-up 
time, 6 months after the end of the CS treatment (T3). To limit test 
adaptation or learning effects between T1 and T2 evaluations, parallel 
versions of the scales, or item rotation within them, were applied, 
when possible.

2.3 Cognitive intervention

All participants underwent a structured four-week CS program 
consisting of 20 sessions (five sessions per week, each lasting 
approximately 45 min). CS was delivered either through a tele-
rehabilitation (TR) system (tele-rehabilitation group, TRG) or with a 
traditional face-to-face program (control group, CG). An 
independent researcher (L.P.), not involved in recruitment or 
treatment delivery, generated the block randomization sequence, 
using a computer-based procedure. Because of the type of 
interventions, blinding of participants and therapists was not feasible. 
However, outcome assessment was kept blind. Baseline, post-
intervention, and follow-up evaluations were carried out by 
neuropsychologists unaware of group allocation. Participants were 
instructed not to reveal their assignment during testing. The CS 
program was standardized across the two groups in terms of duration, 
structure, and domains targeted and promoted general cognitive 
engagement. Participants in the TRG performed synchronous CS, 
using the VRRS-HomeKit (Khymeia, Italy), a digital platform 
enabling remote interaction between subjects with PD-MCI and the 
therapists. Sessions were conducted live, allowing real-time 

adjustments to task difficulty and pacing, and focused on general 
cognitive activation across domains including attention, executive 
functioning, memory, and visuospatial abilities. The CG received 
traditional face-to-face cognitive stimulation in outpatient clinics, 
administered by trained neuropsychologists. Sessions included 
paper-and-pencil exercises matched in cognitive domain and 
complexity to those delivered in the TR group, ensuring 
methodological equivalence between conditions. Materials included 
validated clinical exercises commonly used in neuropsychological 
practice, ensuring methodological equivalence across delivery 
formats. Activities were adapted to maintain engagement, but no 
hierarchical progression was applied. This approach guaranteed 
comparable cognitive stimulation between groups, differing only in 
the modality of delivery.

2.4 Statistical analysis

All statistical analyses were performed using R (version 
2025.05.0 + 496). Descriptive statistics were used to summarize 
clinical and demographic characteristics. Continuous variables 
expressed as means and standard deviations (SD). Baseline (T1) 
comparisons between men and women were performed using 
independent-samples t-tests for normal distribution or the Mann–
Whitney U test for non-normal distribution, depending on the 
results of the Shapiro–Wilk normality test. The Wilcoxon test was 
used for comparisons between measurements over time. We also 
conducted a Multivariate Analysis of Covariance (MANCOVA), 
including any significant variable at baseline as a covariate. 
Separate multiple linear regression models were used to explore if 
the treatment effect and the influence of significant variables at 
baseline on cognitive outcomes were modulated by gender. To 
account for multiple comparisons, all p-values were adjusted for a 
false discovery rate (FDR) of 0.05 using the Benjamini 
Hochberg method.

3 Results

3.1 Sample characteristics and 
gender-based differences at baseline

At baseline (T1), there were no significant between-group 
differences (men vs. women) in age, disease duration, duration of 
cognitive symptoms, years of education, or LEDD. Functional 
independence, mood, and comorbidity burden were also 
comparable between men and women (Table  1). A significant 
difference emerged for cognitive reserve, with men having higher 
scores of CRIq in comparison to women (p = 0.039). A trend of 
lower scores in the other neuropsychological tests was observed in 
women compared to men, even though this did not reach the 
statistical threshold. Using MANCOVA test with the CRIq as a 
covariate, significant differences were found in MoCA (p = 0.017, 
F = 6.96), Copy of Drawings – CD (p = 0.031, F = 5.51), and TMT-A 
(p = 0.045, F = 4.69), indicating poorer performances in global 
cognition, visuospatial abilities and attention, respectively, in 
women compared to men. Furthermore, women also exhibited a 
higher fragility index (p = 0.013, F = 6.82).
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3.2 Longitudinal changes by gender and 
treatment

In men, significant improvement in several cognitive domains after 
CS treatment was observed (Table 2; Figure 1). MoCA scores notably 
increased (p = 0.002), reflecting an enhancement in global cognition. 
Improvements were also observed in language and executive functions, 
as indicated by the FAS test (p = 0.017), and the BADA Naming test 
names (p = 0.012). Significant improvements were observed in both 
Digit Span Backward (p = 0.016) and Digit Span Forward (p = 0.026), 
indicating enhanced working memory performances. Additionally, 
visuospatial abilities improved significantly, as shown by the Copy of 
Drawings CDP test (p = 0.003). Processing speed and attention 
improved, as evidenced by better performance in TMT-A (p = 0.015). 
Men also exhibited a reduction in trait anxiety, as evidenced by a 
decrease in their STAI X-2 scores (p = 0.035).

In women, the MoCA scores significantly increased between T1 
and T2 (p = 0.036), reflecting global cognition enhanced by 
CS. Moreover, the BDI also demonstrated a significant improvement 
in mood after intervention (p = 0.021).

3.2.1 Gender-related outcomes in TRG and CG
Among the 45 participants who underwent the CS, 25 subjects (15 

men and 10 women) performed tele-rehabilitation, and 20 subjects 
(15 men and 5 women) received face-to-face rehabilitation.

In the TRG, men demonstrated significantly greater improvement 
in attentive functions after CS (TMT-A, p = 0.006; TMT-B, p = 0.045). 

In terms of language skills, all genders showed improvement, after 
treatment, in the BADA Naming Task, reaching statistically significant 
results only in men (Names, p = 0.013; Verbs, p = 0.043). No 
statistically significant improvements were observed in women in 
the TRG.

In the control group, after cognitive stimulation, men 
outperformed women in several areas. They exhibited higher scores 
on the MoCA (p = 0.014), better visuospatial abilities as measured by 
the Copy of Drawing Test (p = 0.025), improved working memory on 
the Digit Span BW test (p = 0.045), greater verbal fluency in the FAS 
task (p = 0.030), and lower anxiety levels according to the STAI-X2 
(p = 0.027). Among women in the CG, a significant improvement was 
observed only in the BADA Naming Task for verbs (p = 0.048) 
(Tables 3–4).

We performed a repeated-measures ANOVA to compare pre- and 
post-treatment values (T1 vs. T2) and to test the interaction between 
treatment modality (tele-rehabilitation vs. face-to-face) and time in 
both men and women, examining the general outcomes. No 
statistically significant differences were observed in any performed 
comparison (Supplementary Table S1).

3.2.2 Follow- up at 6 months
In men and women, cognitive and functional measures showed a 

worsening after 6-month treatment discontinuation (Table 5). Men 
presented a significantly greater decline in visuospatial domain (Copy 
of Drawings CDP: p = 0.014), in short term and working memory 
(Digit Span FW: p = 0.0290, Digit Span BW: p = 0.014), and verbal 

TABLE 1  Baseline demographic and clinical characteristics of men and women participants.

Data Men (n = 30) Women (n = 15) p-value

Age (years) 70.70 ± 6.57 70.87 ± 7.88 0.92

PD duration (years) 6.76 ± 4.08 6.40 ± 4.22 0.77

MCI duration (years) 1.90 ± 1.36 1.77 ± 1.21 0.75

Education (years) 9.73 ± 3.44 8.40 ± 4.85 0.15

LEDD 384.14 ± 202.32 437.00 ± 216.05 0.43

CRIq 100.50 ± 20.87 87.67 ± 18.95 0.039

H-Y 2.11 ± 0.50 2.07 ± 0.47 0.83

MDS-UPDRS I 12.63 ± 6.42 11.93 ± 6.68 0.92

MDS-UPDRS II 11.67 ± 7.93 12.57 ± 8.37 0.65

MDS-UPDRS III 26.36 ± 12.75 28.43 ± 13.92 0.69

MDS-UPDRS IV 1.93 ± 4.04 1.93 ± 3.25 0.79

CBI 16.37 ± 18.42 16.33 ± 12.60 0.55

Barthel 2.82 ± 0.48 2.36 ± 1.15 0.20

MNA 11.54 ± 2.53 10.14 ± 3.25 0.18

CIRS 3.93 ± 2.00 4.57 ± 2.28 0.26

ADL 5.54 ± 0.69 4.86 ± 1.70 0.58

IADL 5.21 ± 1.83 5.71 ± 2.09 0.39

MPI 0.28 ± 0.09 0.39 ± 0.20 0.075

SF36 tot 1899.14 ± 583.95 1639.86 ± 874.93 0.27

Statistical comparisons were performed using Mann–Whitney U test. All p-values were adjusted to control for FDR using the Benjamini-Hochberg procedure. PD, Parkinson’s disease; MCI, 
Mild cognitive impairment; LEDD, Levodopa equivalent daily dose; CRIq, Cognitive Reserve Index questionnaire total score; H-Y, Hoehn and Yahr scale; MDS-UPDRS, Movement Disorder 
Society-Unified Parkinson’s Disease Rating Scale; CDR, Clinical Dementia Rating; STAIX1, State Anxiety Inventory; STAIX2, Trait Anxiety Inventory; CBI, Caregiver Burden Inventory; MNA, 
Mini Nutritional Assessment; CIRS, Cumulative Illness Rating Scale; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; MPI, Multidimensional Prognostic Index; 
SF-36, 36-Item Short Form Survey. Significant p values are highlighted in bold.

https://doi.org/10.3389/fnagi.2025.1672084
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Iaccino et al.� 10.3389/fnagi.2025.1672084

Frontiers in Aging Neuroscience 05 frontiersin.org

fluency (BADA Names: p = 0.0015, BADA Verbs: p = 0.0008), 
comparing T2 and T3 time-point evaluations.

3.3 Interaction between CRIq scores and 
gender on cognitive outcomes

In the linear regression model for MoCA, the CRIq × gender 
interaction was significant (β = 0.119; p = 0.023), with the predictors 
accounting for 25% of the variance (R2 = 0.250), suggesting that the 
effect of CRIq on MoCA scores was stronger in women than men. 
Similarly, for Digit Span Forward, the model explained 19.1% of the 
variance (R2 = 0.191), with a significant CRIq × gender interaction 
(β = 0.028; p = 0.008). For BADA Verbs, the model was also significant 
(R2 = 0.252), with a significant interaction effect (β = 0.104; p = 0.035), 
again showing a stronger association between CRIq and performance 
in women. Finally, in the model for MPI, higher CRIq scores predicted 
a reduction in frailty indices, with this effect being more pronounced 
in women than in men (β = 0.0046; p = 0.002, R2 = 0.352). Figure 2 
shows the interaction effects between CRIq and gender on cognitive 
outcomes for MoCA, Digit Span Forward, BADA Verbs, and 
MPI scores.

4 Discussion

To our knowledge, this is the first study investigating how gender 
may modulate cognitive performance and rehabilitation efficacy in 
individuals with MCI-PD. We  found that, at baseline, women 

exhibited greater vulnerability in several cognitive domains, including 
global cognition, attention, and visuospatial processing, after adjusting 
for cognitive reserve. Indeed, in our cohort, women showed a lower 
cognitive reserve compared to men, even though they had comparable 
age, education, and sociographic background. This finding highlighted 
the differential interactions between gender and cognitive reserve in 
shaping cognitive functions.

Our findings have relevant clinical implications. Gender 
differences in PD are increasingly recognized, some studies report 
different patterns in epidemiology, disease risk factors, clinical 
presentation, and treatment response between men and women. 
Other insights into these sex- and gender-specific differences could 
lead to improvements in the diagnosis and treatment of PD. Clinical 
trials should include sex and gender as key factors in their analyses. 
As a result, medical guidelines should be updated to reflect these 
differences, enhancing the quality and suitability of care for all 
patients. Characterizing gender-related differences in PD with 
cognitive impairment could be useful for developing personalized 
therapy from the early stages of disease and setting a treatment as 
targeted as possible.

Most studies assessing gender differences in cognitive 
performance have focused on de novo PD population. According to 
our results, those studies have reported that women showed a greater 
impairment in visuospatial abilities (Locascio et al., 2003; Oltra et al., 
2022). They also suggested that men may be more susceptible to 
declines in memory, verbal fluency, and executive functions. Bayram 
et al. (2020) includes both de novo PD and PD-MCI participants. 
Their findings confirmed the poorer visuospatial performance in 
women, along with better verbal memory performance compared to 

TABLE 2  Neuropsychological test scores by gender and timepoint (T1, T2).

Data Men Women

T1 T2 p-value T1 T2 p-value

MMSE 25.14 ± 3.60 25.39 ± 3.70 0.77 23.57 ± 3.33 24.93 ± 3.81 0.068

MOCA 19.66 ± 4.21 21.99 ± 3.73 0.002 18.07 ± 5.16 19.80 ± 6.04 0.036

Rey immediate 33.76 ± 7.87 33.55 ± 9.84 0.80 36.55 ± 10.23 38.33 ± 12.58 0.38

Rey delayed 7.08 ± 3.11 7.20 ± 3.08 0.52 8.01 ± 4.50 7.86 ± 4.65 0.67

CD 8.66 ± 2.59 8.96 ± 2.70 0.39 8.54 ± 3.03 8.81 ± 3.06 0.61

CDP 62.67 ± 10.75 66.71 ± 7.24 0.003 60.36 ± 9.90 65.11 ± 4.95 0.07

Digit Span FW 4.66 ± 0.92 5.09 ± 0.80 0.026 4.94 ± 1.04 5.17 ± 1.11 0.35

Digit Span BW 2.91 ± 1.78 3.99 ± 0.84 0.016 2.76 ± 1.51 3.43 ± 1.11 0.22

TMTA 85.58 ± 64.33 69.39 ± 59.88 0.015 125.39 ± 83.29 102.43 ± 76.77 0.17

TMTB 228.92 ± 155.76 204.58 ± 151.73 0.09 327.32 ± 147.64 289.27 ± 140.13 0.08

BADA Nouns 26.31 ± 3.97 27.52 ± 3.15 0.012 25.33 ± 4.25 26.60 ± 3.00 0.16

BADA Verbs 23.45 ± 4.08 24.63 ± 3.73 0.06 21.40 ± 5.44 22.13 ± 4.98 0.27

FAB 13.54 ± 3.24 14.73 ± 2.92 0.15 13.08 ± 3.10 13.79 ± 3.07 0.37

FAS 24.92 ± 9.54 30.13 ± 11.79 0.017 28.35 ± 8.51 27.68 ± 10.91 0.61

Beck 11.04 ± 7.59 12.64 ± 9.02 0.59 12.7 ± 9.02 9.7 ± 7.04 0.021

STAIX1 42.25 ± 9.19 40.71 ± 9.14 0.41 40.7 ± 8.8 42.0 ± 9.7 0.84

STAIX2 44.71 ± 10.44 43.57 ± 9.90 0.035 43.5 ± 9.6 41.7 ± 10.1 0.26

Values are presented as mean ± standard deviation. Statistical comparisons were performed using Wilcoxon Test. All p-values were adjusted to control for FDR using the Benjamini-Hochberg 
procedure. MMSE, Mini-Mental State Examination; MOCA, Montreal Cognitive Assessment; CD, Copy Drawing -CD; CDP, Copy Drawing Performance; FW, Digit Span Forward; BW, Digit 
Span Backward; TMTA, Trail Making Test Part A; TMTB, Trail Making Test Part B; BADA, Battery for the Analysis of Aphasic Deficits; FAB, Frontal Assessment Battery; FAS, Phonemic 
Verbal Fluency; Beck; STAIX1, State Anxiety Inventory; STAIX2, Trait Anxiety Inventory. Significant p values are highlighted in bold.
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FIGURE 1

Box plot of pre- to post-treatment scores (T1–T2) in men and women. Separate panels show scores for each outcome measure. (A) MoCA; (B) CDP; 
(C) Digit Span BW; (D) TMT-A; (E) BADA Names; (F) FAS; (G) STAI X-2; (H) Beck. Statistical significance was considered for p < 0.05. MOCA, Montreal 
Cognitive Assessment; CDP, Copy Drawing Performance; BW, Digit Span Backward; TMTA, Trail Making Test Part A; T BADA, Battery for the Analysis of 
Aphasic Deficits; FAS, Phonemic Verbal Fluency; Beck; STAIX2, Trait Anxiety Inventory.
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men. However, heterogeneity in methodological approaches of the 
previous studies, including adjustment for cognitive reserve, may 
have influenced the outcomes. The role of cognitive reserve has been 
more extensively investigated in Alzheimer’s Disease (AD), where 
women have been shown to have lower cognitive reserve and greater 
vulnerability to cognitive decline (Kim et al., 2024). A 2024 narrative 
review further explored how men and women showed different 
profiles of resilience and resistance to pathological biomarkers, brain 
atrophy, and cognitive decline: women tend to maintain memory 
function more effectively in the early stages, but highlighted a 
marked decline with the progression of the disease (Arenaza-Urquijo 
et al., 2024). Recent studies have also evaluated it in the context of 
PD (Hindle et  al., 2016; Ophey et  al., 2024). A meta-analysis 
performed by Gu et al. confirmed that elevated levels of cognitive 
reserve are associated with a reduced risk of cognitive decline in PD 
subjects (Gu and Xu, 2022). One possible explanation for gender-
related differences in cognitive reserve could lie in early-life 
experiences, including sociocultural and educational disparities. As 

suggested by Jones et  al., men and women may be  exposed to 
different educational expectations and learning environments, which 
may influence cognitive development over time (Jones and 
Wheatley, 1990).

In our study, women also showed a higher frailty index in 
comparison to men, using the MPI assessment. This result is consistent 
with previous researches indicating a greater prevalence of frailty 
among older women, even without PD. Indeed, several studies have 
demonstrated that women tend to accumulate more health deficits 
with age, leading to higher frailty scores compared to men (Roland 
et al., 2012; Gordon et al., 2017).

Our study revealed gender-specific patterns in the response to 
rehabilitative treatment, with greater cognitive improvement in men 
in comparison to women.

In our sample, men exhibited lower cognitive impairment at 
baseline, however, they demonstrated greater improvement following 
treatment compared to women. More in detail, in men, the most 
notable gains were found in global cognition, executive functions, 
working memory, attention, visuospatial abilities, language, and 
anxiety, while women showed marked enhancements in global 
cognition and mood. According to our research, previous data 
suggesting that CS was more effective when administered in the early 
stages of cognitive decline (Clare and Woods, 2004; Giustiniani et al., 
2022). Notably, men appeared to benefit more extensively from both 
interventions. In the TRG, men exhibited significant improvements in 
attention and verbal fluency, whereas women in the same group did 
not demonstrate significant changes. In the CG, men also 
outperformed women in global cognition, visuospatial abilities, and 
working memory, indicating broad cognitive benefits. Additionally, 
men of CG also showed improvements in verbal fluency and a 
significant reduction in anxiety levels, highlighting the potential 
affective benefits of structured in-person engagement. For women in 
the control group, improvement was limited to the verb-naming task. 
This supports the hypothesis that both face-to-face and remote 
interventions can contribute to the improvement of cognitive function 
in PD, as previously noted in the TR literature (Maggio et al., 2024). 
A meta-analysis by Giustiniani et al. evaluated the efficacy of cognitive 
rehabilitation in MCI-PD and found domain-specific improvements, 
particularly in global cognition, executive functioning, and both long- 
and short-term memory, but not in attention and visuospatial domains 
(Giustiniani et  al., 2022). Another systematic review and meta-
analysis, which included 12 studies with 512 participants, found 
moderate improvements in global cognition and working memory, as 
well as small but significant improvements in verbal memory and 
executive function (Sanchez-Luengos et  al., 2021). These findings 
underscore the importance of tailoring interventions to the specific 
cognitive deficits presented by each patient, as not all domains may 
respond equally to treatment. Importantly, our findings indicate that 
both TR and traditional face-to-face interventions can effectively 
improve cognitive functions in PD, particularly in areas typically 
affected by the disease (Cornejo Thumm et  al., 2021; Bianchini 
et al., 2022).

Our results support the role of cognitive reserve also in the 
differential effectiveness of CS in men and women. The impact of 
cognitive reserve appears more pronounced in women than in men, 
especially in some domains, such as attention and short-term 
memory, language processing, and episodic memory, suggesting a 
gender-modulated mechanism of cognitive reserve. Most studies 

TABLE 3  Average of the scores obtained in men and women of TRG in T1 
and T2 evaluation.

Data T1 T2 p value

TMTA Men 75.0 ± 62.2 58.0 ± 57.0 0.006

TMTA Women 137.3 ± 98.0 109.3 ± 92.7 0.40

TMTB Men 211.2 ± 140.0 176.2 ± 126.1 0.045

TMTB Women 293.0 ± 169.4 280.7 ± 154.6 0.59

BADA names Men 23.8 ± 7.9 25.2 ± 7.9 0.013

BADA names Women 24.4 ± 4.8 26.0 ± 3.3 0.18

BADA verbs Men 23.7 ± 4.1 24.6 ± 4.6 0.043

BADA verbs Women 20.8 ± 6.3 21.3 ± 5.7 0.83

Values are presented as mean ± standard deviation. All p-values were adjusted to control for 
FDR using the Benjamini-Hochberg procedure. Abbreviations: TMTA, Trail Making Test 
Part A; TMTB, Trail Making Test Part B; BADA, Battery for the Analysis of Aphasic Deficits. 
Significant p values are highlighted in bold.

TABLE 4  Average of the scores obtained in men and women of CG in T1 
and T2 evaluation.

Data T1 T2 p value

MoCA Men 19.4 ± 4.1 21.9 ± 4.1 0.014

MoCA Women 22.0 ± 2.69 24.9 ± 2.3 0.06

CDP Men 61.7 ± 14.0 66.6 ± 9.7 0.025

CDP Women 65.1 ± 4.2 67.8 ± 4.0 0.44

BW Men 3.1 ± 2.0 4.4 ± 0.9 0.045

BW Women 2.7 ± 1.9 4.2 ± 0.6 0.13

FAS Men 25.3 ± 10.4 30.7 ± 9.9 0.030

FAS Women 34.8 ± 9.3 36.16 ± 10.8 0.71

STAI X-2 Men 40.7 ± 6.7 37.9 ± 6.7 0.027

STAI X-2 Women 37.2 ± 5.9 34.0 ± 6.4 0.14

BADA verbs Men 23.9 ± 3.9 24.6 ± 2.9 0.40

BADA verbs Women 22.6 ± 3.3 23.8 ± 2.9 0.048

Values are presented as mean ± standard deviation. All p-values were adjusted to control for 
FDR using the Benjamini-Hochberg procedure. MOCA, Montreal Cognitive Assessment; 
CDP, Copy Drawing Performance; BW, Digit Span Backward; FAS, Phonemic Verbal 
Fluency; STAIX2, Trait Anxiety Inventory; BADA, Battery for the Analysis of Aphasic 
Deficits. Significant p values are highlighted in bold.
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TABLE 5  Neuropsychological assessment at T2 and T3 evaluation in men and women.

Data Men Women

T2 T3 p value T2 T3 p value

MOCA 21.9 ± 3.5 20.8 ± 4.5 0.0160 19.9 ± 5.8 19.8 ± 5.2 0.99

Rey immediate 33.6 ± 9.1 32.7 ± 9.1 0.58 38.06 ± 12.2 36.3 ± 12.1 0.43

Rey delayed 7.2 ± 2.9 6.1 ± 2.9 0.048 7.8 ± 4.5 6.7 ± 4.0 0.13

CD 9.0 ± 2.6 8.5 ± 2.7 0.14 8.8 ± 3.1 8.7 ± 3.2 0.56

CDP 66.9 ± 6.9 62.5 ± 13.7 0.014 65.1 ± 4.9 62.8 ± 7.6 0.34

Digit Span FW 5.1 ± 0.8 4.8 ± 0.8 0.029 5.2 ± 1.1 4.3 ± 1.1 0.14

Digit Span BW 3.9 ± 0.8 3.4 ± 1.5 0.014 3.4 ± 1.1 2.6 ± 1.9 0.29

TMTA 68.7 ± 57.8 84.5 ± 74.2 0.09 102.4 ± 76.8 115.2 ± 78.9 0.89

TMTB 201.7 ± 143.9 247.2 ± 146.4 0.0029 289.3 ± 140.1 310.2 ± 142.8 0.50

BADA Nouns 27.6 ± 2.9 25.96 ± 4.7 0.0015 26.6 ± 3.0 26.4 ± 2.43 0.93

BADA Verbs 24.7 ± 3.5 21.9 ± 5.6 0.0008 22.1 ± 5.0 20.9 ± 5.0 0.16

FAB 14.8 ± 2.7 14.2 ± 3.3 0.52 13.9 ± 3.0 13.7 ± 2.7 0.75

FAS 29.8 ± 10.9 27.5 ± 8.2 0.64 27.7 ± 10.5 26.8 ± 7.0 0.64

Beck 10.2 ± 6.1 12.2 ± 6.4 0.12 10.7 ± 7.7 14.2 ± 10.2 0.04

STAIX1 40.7 ± 8.3 42.2 ± 9.3 0.39 42.0 ± 9.7 42.2 ± 13.5 0.98

STAIX2 41.1 ± 6.9 40.2 ± 8.3 0.68 41.7 ± 10.1 41.8 ± 10.5 0.91

Values are presented as mean ± standard deviation. All p-values were adjusted to control for FDR using the Benjamini-Hochberg procedure. MOCA, Montreal Cognitive Assessment; CD, 
Copy Drawing -CD; CDP, Copy Drawing Performance; FW, Digit Span Forward; BW, Digit Span Backward; TMTA, Trail Making Test Part A; TMTB, Trail Making Test Part B; BADA, Battery 
for the Analysis of Aphasic Deficits; FAB, Frontal Assessment Battery; FAS, Phonemic Verbal Fluency; Beck; STAIX1, State Anxiety Inventory; STAIX2, Trait Anxiety Inventory. Significant p 
values are highlighted in bold.

FIGURE 2

Interaction effect between CRIq and gender on cognitive outcomes. The plot shows the regression lines for men (blue) and women (orange), 
illustrating the interaction between CRIq and gender on cognitive outcomes. (A) MoCA; (B) Digit Span—FW; (C) BADA Verbs; (D) MPI. MOCA, Montreal 
Cognitive Assessment; FW, Digit Span Forward; BADA, Battery for the Analysis of Aphasic Deficits; MPI, Multidimensional Prognostic Index.
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linking cognitive reserve to outcomes in cognitive stimulation 
interventions have been conducted in AD, where women experienced 
greater benefits from CR in delaying the clinical onset of the disease 
(Chooi et al., 2022). In PD, one study investigating the impact of 
cognitive reserve on the effectiveness of balance rehabilitation found 
that individuals with lower cognitive reserve showed greater 
improvements (Piccinini et al., 2018). Carbone et al. highlighted the 
role of CR in shaping both short- and long-term cognitive and 
psychological outcomes following CS therapy in individuals with 
mild to moderate dementia. Their results support the idea that 
higher levels of cognitive reserve are associated with greater 
treatment benefits, which aligns with our observation that CRIq 
scores significantly modulate cognitive improvement, especially 
in women.

At the six-month follow-up, global cognitive performance 
declined in all subjects, with specific patterns in some domains. In 
particular, a more significant decline was observed in the visuospatial 
domain, short-term and working memory, and verbal fluency, in men. 
These results suggest that while CS yields measurable short-term 
benefits, ongoing stimulation may be required to maintain these gains 
over time, particularly in domains more vulnerable to decline. Taken 
together, these results confirm the potential of cognitive stimulation 
in MCI-PD to promote improvement across cognitive domains. The 
emergence of domain-specific patterns suggests that benefits are not 
uniformly distributed, but rather shaped by individual characteristics, 
such as gender and cognitive reserve. These findings resonate with 
current models of personalized neurorehabilitation, which advocate 
tailoring interventions based on demographic, clinical, and cognitive 
profiles (Sousa et al., 2021).

Our study has some limitations. The relatively small sample size, 
especially within gender-treatment subgroups, may have reduced the 
power to detect complex interactions and may account for the 
borderline significance of some results. Moreover, the efficacy of CS 
in MCI-PD is not yet firmly established; thus, our findings should 
be considered exploratory and interpreted with caution. Nonetheless, 
consistent trends observed across analytical methods lend robustness 
to the conclusions. Furthermore, the number of women with MCI-PD 
who were willing to participate to our rehabilitation study was lower 
than that of men, in particular in the face-to-face group. This data is 
consistent with the evidence coming from previous studies, which 
have highlighted the greater challenges often encountered in engaging 
women in such interventions (Willis et al., 2011). Women are less 
likely to receive specialized care than men with access to treatments 
often delayed. Moreover, women have less probability than men to get 
support from informal caregivers, such as their family members 
(Dahodwala et al., 2018). Lastly, the 6-month follow-up period could 
have limited longitudinal data, but the selected three timepoints for 
assessment captured a relevant window for evaluating short-term 
change around the rehabilitative intervention and the following 
temporal trajectory of the cognitive functions. Indeed, after cognitive 
improvement due to the CS treatment, at the 6-month evaluation most 
of the neuropsychological scores reverted to the baseline values.

Consideration should be given to implementing CS programs for 
both men and women, as both the TR program and face-to-face 
interventions have been reported to be effective. The main benefit of 
TR is enhanced accessibility, especially for patients with PD-MCI who 
often have reduced mobility. Concerning gender differences, larger 
studies are necessary to develop personalized interventions that 

address specific cognitive domains needing more rehabilitation or that 
with different gender-related efficacy. In conclusion, our study showed 
that there are gender-related differences in the cognitive performances 
and in the cognitive stimulation efficacy in subjects with MCI-PD, 
with men outperforming women in global cognition and several 
domains, including attention and visuospatial abilities. These data 
suggest that gender-informed approaches may enhance the precision 
and impact of cognitive rehabilitative interventions in PD. Future 
research in neuroscience and clinical practice would benefit from 
integrating additional biological and psychosocial moderators, such 
as hormonal status, psychological resilience, and lifestyle factors, to 
clarify inter-individual variability in rehabilitation outcomes and 
further elucidate sex-related mechanisms of cognitive change in PD.

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 Ethical 
Committee of the Central Area of Regione Calabria. 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

NI: Data curation, Formal analysis, Investigation, Writing  – 
review & editing, Writing – original draft. JB: Writing – review & 
editing, Writing – original draft, Data curation, Formal analysis. GT: 
Data curation, Writing  – review & editing, Formal analysis, 
Methodology. FC: Data curation, Writing  – original draft, 
Investigation. FP: Writing – review & editing, Data curation. MC: 
Methodology, Writing – original draft. LP: Methodology, Writing – 
review & editing. AG: Supervision, Writing – review & editing. GA: 
Investigation, Funding acquisition, Writing – review & editing, Formal 
analysis, Writing – original draft, Methodology, Supervision, Data 
curation, Visualization, Conceptualization.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was funded by the 
Ministry of Health within the framework of the MULTIPLAT_AGE 
national research project (Grant number: NET-2016-02361805).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fnagi.2025.1672084
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org


Iaccino et al.� 10.3389/fnagi.2025.1672084

Frontiers in Aging Neuroscience 10 frontiersin.org

The reviewer MTP declared a past co-authorship with the author 
GA to the handling editor.

Generative AI statement

The author(s) declare that no Gen AI was 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 efforts 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 affiliated 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.2025.1672084/
full#supplementary-material

References
Arenaza-Urquijo, E. M., Boyle, R., Casaletto, K., Anstey, K. J., Vila-Castelar, C., 

Colverson, A., et al. (2024). Sex and gender differences in cognitive resilience to aging 
and Alzheimer’s disease. Alzheimers Dement. 20, 5695–5719. doi: 10.1002/alz.13844

Bayram, E., Banks, S. J., Shan, G., Kaplan, N., and Caldwell, J. Z. K. (2020). Sex 
differences in cognitive changes in De novo Parkinson’s disease. J. Int. Neuropsychol. Soc. 
26, 241–249. doi: 10.1017/S1355617719001085

Bianchini, E., Onelli, C., Morabito, C., Alborghetti, M., Rinaldi, D., Anibaldi, P., et al. 
(2022). Feasibility, safety, and effectiveness of Telerehabilitation in mild-to-moderate 
Parkinson’s disease. Front. Neurol. 13:909197. doi: 10.3389/fneur.2022.909197

Biundo, R., Weis, L., and Antonini, A. (2016). Cognitive decline in Parkinson’s disease: 
the complex picture. NPJ Parkinsons Dis. 2:16018. doi: 10.1038/npjparkd.2016.18

Cacciante, L., Pietà, C. d., Rutkowski, S., Cieślik, B., Szczepańska-Gieracha, J., 
Agostini, M., et al. (2022). Cognitive telerehabilitation in neurological patients: 
systematic review and meta-analysis. Neurol. Sci. 43, 847–862. doi: 
10.1007/s10072-021-05770-6

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

Cereda, E., Cilia, R., Klersy, C., Siri, C., Pozzi, B., Reali, E., et al. (2016). Dementia in 
Parkinson’s disease: is male gender a risk factor? Parkinsonism Relat. Disord. 26, 67–72. 
doi: 10.1016/j.parkreldis.2016.02.024

Cerri, S., Mus, L., and Blandini, F. (2019). Parkinson’s disease in women and men: 
What’s the difference? J Parkinsons Dis, 9, 501–515. doi: 10.3233/JPD-191683

Chooi, C. K., Gavett, B. E., Weinborn, M., and Rainey-Smith, S. (2022). Sex differences 
in the protective effects of cognitive reserve. Alzheimers Dement. 18:64397. doi: 
10.1002/alz.064397

Clare, L., and Woods, R. T. (2004). Cognitive training and cognitive rehabilitation for 
people with early-stage Alzheimer’s disease: a review. Neuropsychological Rehabilitation, 
14, 385–401. doi: 10.1080/09602010443000074

Cornejo Thumm, P., Giladi, N., Hausdorff, J. M., and Mirelman, A. (2021). Tele-
rehabilitation with virtual reality. Am. J. Phys. Med. Rehabil. 100, 435–438. doi: 
10.1097/PHM.0000000000001745

Dahodwala, N., Geransar, R., Babion, J., de Grood, J., and Sargious, P. (2018). The 
impact of the use of video-based educational interventions on patient outcomes in 
hospital settings: a scoping review. Patient Educ Couns. 101, 2116–2124. doi: 10.1016/j.
pec.2018.06.018

Dent, E., Kowal, P., and Hoogendijk, E. O. (2016). Frailty measurement in research 
and clinical practice: a review. Eur. J. Intern. Med. 31, 3–10. doi: 10.1016/j.ejim.2016.03.007

Devi, J. (2018). The scales of functional assessment of activities of daily living in 
geriatrics. Age Ageing 47, 500–502. doi: 10.1093/ageing/afy050

Dubois, B., Slachevsky, A., Litvan, I., and Pillon, B. (2000). The FAB. Neurology 55, 
1621–1626. doi: 10.1212/WNL.55.11.1621

Folkerts, A.-K., Dorn, M. E., Roheger, M., Maassen, M., Koerts, J., Tucha, O., et al. 
(2018). Cognitive stimulation for individuals with Parkinson’s disease dementia living 
in long-term care: preliminary data from a randomized crossover pilot study. Parkinsons 
Dis. 2018, 1–9. doi: 10.1155/2018/8104673

Folstein, M. F., Folstein, S. E., and McHugh, P. R. (1975). Mini-mental state. J. 
Psychiatr. Res. 12, 189–198. doi: 10.1016/0022-3956(75)90026-6

Gainotti, G., Miceli, G., and Caltagirone, C. (1977). Constructional apraxia in left 
brain-damaged patients: a planning disorder? Cortex 13, 109–118. doi: 
10.1016/S0010-9452(77)80002-6

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. 
Ital. J. Neurol. Sci. 17, 305–309. doi: 10.1007/BF01997792

Giustiniani, A., Maistrello, L., Danesin, L., Rigon, E., and Burgio, F. (2022). Effects of 
cognitive rehabilitation in Parkinson disease: a meta-analysis. Neurol. Sci. 43, 2323–2337. 
doi: 10.1007/s10072-021-05772-4

Goetz, C. G., Poewe, W., Rascol, O., Sampaio, C., Stebbins, G. T., Counsell, C., et al. 
(2004). Movement disorder society task force report on the Hoehn and Yahr staging 
scale: status and recommendations the movement disorder society task force on rating 
scales for Parkinson’s disease. Mov. Disord. 19, 1020–1028. doi: 10.1002/mds.20213

Goetz, C. G., Tilley, B. C., Shaftman, S. R., Stebbins, G. T., Fahn, S., Martinez-Martin, P., 
et al. (2008). Movement Disorder Society-sponsored revision of the unified Parkinson’s 
disease rating scale (MDS-UPDRS): scale presentation and clinimetric testing results. 
Mov. Disord. 23, 2129–2170. doi: 10.1002/mds.22340

Goldman, J. G., and Sieg, E. (2020). Cognitive impairment and dementia in Parkinson 
disease. Clin. Geriatr. Med. 36, 365–377. doi: 10.1016/j.cger.2020.01.001

Gordon, E. H., Peel, N. M., Samanta, M., Theou, O., Howlett, S. E., and Hubbard, R. E. 
(2017). Sex differences in frailty: a systematic review and meta-analysis. Exp. Gerontol. 
89, 30–40. doi: 10.1016/j.exger.2016.12.021

Gu, L., and Xu, H. (2022). Effect of cognitive reserve on cognitive function in 
Parkinson’s disease. Neurol. Sci. 43, 4185–4192. doi: 10.1007/s10072-022-05985-1

Hindle, J. V., Hurt, C. S., Burn, D. J., Brown, R. G., Samuel, M., Wilson, K. C., et al. (2016). 
The effects of cognitive reserve and lifestyle on cognition and dementia in Parkinson’s 
disease—a longitudinal cohort study. Int. J. Geriatr. Psychiatry 31, 13–23. doi: 10.1002/gps.4284

Jones, M. G., and Wheatley, J. (1990). Gender differences in teacher-student interactions 
in science classrooms. J. Res. Sci. Teach. 27, 861–874. doi: 10.1002/tea.3660270906

Kim, Y., Stern, Y., Seo, S. W., Na, D. L., Jang, J., and Jang, H. (2024). Factors associated 
with cognitive reserve according to education level. Alzheimers Dement. 20, 7686–7697. 
doi: 10.1002/alz.14236

Linn, B. S., Linn, M. W., and Gurel, L. (1968). Cumulative illness rating scale. J. Am. 
Geriatr. Soc. 16, 622–626. doi: 10.1111/j.1532-5415.1968.tb02103.x

Litvan, I., Aarsland, D., Adler, C. H., Goldman, J. G., Kulisevsky, J., Mollenhauer, B., 
et al. (2011). MDS task force on mild cognitive impairment in Parkinson’s disease: 
critical review of PD-MCI. Mov. Disord. 26, 1814–1824. doi: 10.1002/mds.23823

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

Liu, R., Umbach, D. M., Peddada, S. D., Xu, Z., Troster, A. I., Huang, X., et al. (2015). 
Potential sex differences in nonmotor symptoms in early drug-naive Parkinson disease. 
Neurology 84, 2107–2115. doi: 10.1212/WNL.0000000000001609

Locascio, J. J., Corkin, S., and Growdon, J. H. (2003). Relation between clinical 
characteristics of Parkinson’s disease and cognitive decline. J. Clin. Exp. Neuropsychol. 
25, 94–109. doi: 10.1076/jcen.25.1.94.13624

Maggio, M. G., Luca, A., Cicero, C. E., Calabrò, R. S., Drago, F., Zappia, M., et al. 
(2024). Effectiveness of telerehabilitation plus virtual reality (tele-RV) in cognitive e 
social functioning: a randomized clinical study on Parkinson’s disease. Parkinsonism 
Relat. Disord. 119:105970. doi: 10.1016/j.parkreldis.2023.105970

Mathuranath, P. S., George, A., Cherian, P. J., Mathew, R., and Sarma, P. S. (2005). 
Instrumental activities of daily living scale for dementia screening in elderly people. Int. 
Psychogeriatr. 17, 461–474. doi: 10.1017/S1041610205001547

https://doi.org/10.3389/fnagi.2025.1672084
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1672084/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2025.1672084/full#supplementary-material
https://doi.org/10.1002/alz.13844
https://doi.org/10.1017/S1355617719001085
https://doi.org/10.3389/fneur.2022.909197
https://doi.org/10.1038/npjparkd.2016.18
https://doi.org/10.1007/s10072-021-05770-6
https://doi.org/10.1159/000117297
https://doi.org/10.1016/j.parkreldis.2016.02.024
https://doi.org/10.3233/JPD-191683
https://doi.org/10.1002/alz.064397
https://doi.org/10.1080/09602010443000074
https://doi.org/10.1097/PHM.0000000000001745
https://doi.org/10.1016/j.pec.2018.06.018
https://doi.org/10.1016/j.pec.2018.06.018
https://doi.org/10.1016/j.ejim.2016.03.007
https://doi.org/10.1093/ageing/afy050
https://doi.org/10.1212/WNL.55.11.1621
https://doi.org/10.1155/2018/8104673
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/S0010-9452(77)80002-6
https://doi.org/10.1007/BF01997792
https://doi.org/10.1007/s10072-021-05772-4
https://doi.org/10.1002/mds.20213
https://doi.org/10.1002/mds.22340
https://doi.org/10.1016/j.cger.2020.01.001
https://doi.org/10.1016/j.exger.2016.12.021
https://doi.org/10.1007/s10072-022-05985-1
https://doi.org/10.1002/gps.4284
https://doi.org/10.1002/tea.3660270906
https://doi.org/10.1002/alz.14236
https://doi.org/10.1111/j.1532-5415.1968.tb02103.x
https://doi.org/10.1002/mds.23823
https://doi.org/10.1002/mds.24893
https://doi.org/10.1212/WNL.0000000000001609
https://doi.org/10.1076/jcen.25.1.94.13624
https://doi.org/10.1016/j.parkreldis.2023.105970
https://doi.org/10.1017/S1041610205001547


Iaccino et al.� 10.3389/fnagi.2025.1672084

Frontiers in Aging Neuroscience 11 frontiersin.org

Miceli, G, Laudanna, A, Burani, C, and Capasso, R (1994). Batteria per l’Analisi del 
Deficit Afasico B.A.D.A. [B.A.D.A. A Battery for the Assessment of Aphasic Disorders].

Monaco, M., Costa, A., Caltagirone, C., and Carlesimo, G. A. (2013). Forward and 
backward span for verbal and visuo-spatial data: standardization and normative data 
from an Italian adult population. Neurol. Sci. 34, 749–754. doi: 10.1007/s10072-012- 
1130-x

Morris, J. C. (1993). The clinical dementia rating (CDR). Neurology 43:2412. doi: 
10.1212/WNL.43.11.2412-a

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., 
Collin, I., et al. (2005). The Montreal cognitive assessment, MoCA: a brief screening tool 
for mild cognitive impairment. J. Am. Geriatr. Soc. 53, 695–699. doi: 10.1111/j.1532-5415. 
2005.53221.x

Novak, M., and Guest, C. (1989). Application of a multidimensional caregiver burden 
inventory. Gerontologist 29, 798–803. doi: 10.1093/geront/29.6.798

Nucci, M., Mapelli, D., and Mondini, S. (2019). Cognitive reserve index questionnaire 
(CRIq): a new instrument for measuring cognitive reserve. Aging Clin. Exp. Res. 24, 
218–226. doi: 10.3275/7800

Oltra, J., Segura, B., Uribe, C., Monté-Rubio, G. C., Campabadal, A., Inguanzo, A., 
et al. (2022). Sex differences in brain atrophy and cognitive impairment in Parkinson’s 
disease patients with and without probable rapid eye movement sleep behavior disorder. 
J. Neurol. 269, 1591–1599. doi: 10.1007/s00415-021-10728-x

Ophey, A., Wirtz, K., Wolfsgruber, S., Balzer-Geldsetzer, M., Berg, D., 
Hilker-Roggendorf, R., et al. (2024). Mid- and late-life lifestyle activities as main drivers 
of general and domain-specific cognitive reserve in individuals with Parkinson’s disease: 
cross-sectional and longitudinal evidence from the LANDSCAPE study. J. Neurol. 271, 
5411–5424. doi: 10.1007/s00415-024-12484-0

Phongpreecha, T., Cholerton, B., Mata, I. F., Zabetian, C. P., Poston, K. L., et al. (2020). 
Multivariate prediction of dementia in Parkinson’s disease. NPJ Parkinson’s Disease, 6:20. 
doi: 10.1038/s41531-020-00121-2

Piccinini, G., Imbimbo, I., Ricciardi, D., Coraci, D., Santilli, C., Lo Monaco, M. R., 
et al. (2018). The impact of cognitive reserve on the effectiveness of balance rehabilitation 
in Parkinson’s disease. Eur. J. Phys. Rehabil. Med. 54, 554–559. doi: 10.23736/S1973- 
9087.17.04837-7

Pilotto, A., Barbagelata, M., Morganti, W., Seminerio, E., Iaccarino, G., Genazzani, A., 
et al. (2024). Development and implementation of multicomponent homecare 
interventions for multimorbid and frail older people based on information and 
communication technologies: the MULTIPLAT_AGE project. Arch. Gerontol. Geriatr. 
117:105252. doi: 10.1016/j.archger.2023.105252

Reekes, T. H., Higginson, C. I., Ledbetter, C. R., Sathivadivel, N., Zweig, R. M., and 
Disbrow, E. A. (2020). Sex specific cognitive differences in Parkinson disease. NPJ 
Parkinsons Dis. 6:7. doi: 10.1038/s41531-020-0109-1

Ricci, M., Ruggeri, M., Gnisci, C., Pizzoni, L., Gerace, C., and Blundo, C. (2022). 
Improving amnesia diagnostic accuracy with RAVLT single scores and composite indices: 
Italian normative data. Arch. Clin. Neuropsychol. 37, 1749–1764. doi: 10.1093/arclin/acac055

Richter, P., Werner, J., Heerlein, A., Kraus, A., and Sauer, H. (1998). On the validity of 
the Beck depression inventory. Psychopathology 31, 160–168. doi: 10.1159/000066239

Roland, K. P., Jakobi, J. M., Powell, C., and Jones, G. R. (2012). Quality of life as a 
determinant of frailty phenotype in community-dwelling persons with Parkinson’s 
disease. J. Am. Geriatr. Soc. 60, 590–592. doi: 10.1111/j.1532-5415.2011.03862.x

Sanchez-Luengos, I., Balboa-Bandeira, Y., Lucas-Jiménez, O., Ojeda, N., Peña, J., and 
Ibarretxe-Bilbao, N. (2021). Effectiveness of cognitive rehabilitation in Parkinson’s disease: 
a systematic review and Meta-analysis. J. Pers. Med. 11:429. doi: 10.3390/jpm11050429

Sousa, N. M. F., Neri, A. C. d. M., Brandi, I. V., and Brucki, S. M. D. (2021). Impact of 
cognitive intervention on cognitive symptoms and quality of life in idiopathic 
Parkinson’s disease: a randomized and controlled study. Dement. Neuropsychol. 15, 
51–59. doi: 10.1590/1980-57642021dn15-010005

Spielberger, C. D. (1966). Theory and research on anxiety. Anxiety and behavior. 
New York: Academic Press.

Stern, Y. (2012). Cognitive reserve in ageing and Alzheimer’s disease. Lancet Neurol. 
11, 1006–1012. doi: 10.1016/S1474-4422(12)70191-6

Stern, Y., Arenaza-Urquijo, E. M., Bartrés-Faz, D., Belleville, S., Cantilon, M., 
Chetelat, G., et al. (2020). Whitepaper: defining and investigating cognitive reserve, 
brain reserve, and brain maintenance. Alzheimers Dement. 16, 1305–1311. doi: 
10.1016/j.jalz.2018.07.219

Tomlinson, C. L., Stowe, R., Patel, S., Rick, C., Gray, R., and Clarke, C. E. (2010). 
Systematic review of levodopa dose equivalency reporting in Parkinson's disease. Mov. 
Disord. 25, 2649–2653. doi: 10.1002/mds.23429

Vellas, B., Guigoz, Y., Garry, P. J., Nourhashemi, F., Bennahum, D., Lauque, S., et al. 
(1999). The mini nutritional assessment (MNA) and its use in grading the nutritional 
state of elderly patients. Nutrition 15, 116–122. doi: 10.1016/S0899-9007(98)00171-3

Ware, J E Jr, and Sherbourne, C D (1992). The MOS 36-item short-form health survey 
(SF-36). I. Conceptual framework and item selection.

Willis, A. W., Evanoff, B. A., Lian, M., Criswell, S. R., and Racette, B. A. (2011). 
Geographic and ethnic variation in Parkinson disease: A population-based study of US 
Medicare beneficiaries. Neuroepidemiology, 36, 230–236. doi: 10.1159/000327752

https://doi.org/10.3389/fnagi.2025.1672084
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1007/s10072-012-1130-x
https://doi.org/10.1007/s10072-012-1130-x
https://doi.org/10.1212/WNL.43.11.2412-a
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1093/geront/29.6.798
https://doi.org/10.3275/7800
https://doi.org/10.1007/s00415-021-10728-x
https://doi.org/10.1007/s00415-024-12484-0
https://doi.org/10.1038/s41531-020-00121-2
https://doi.org/10.23736/S1973-9087.17.04837-7
https://doi.org/10.23736/S1973-9087.17.04837-7
https://doi.org/10.1016/j.archger.2023.105252
https://doi.org/10.1038/s41531-020-0109-1
https://doi.org/10.1093/arclin/acac055
https://doi.org/10.1159/000066239
https://doi.org/10.1111/j.1532-5415.2011.03862.x
https://doi.org/10.3390/jpm11050429
https://doi.org/10.1590/1980-57642021dn15-010005
https://doi.org/10.1016/S1474-4422(12)70191-6
https://doi.org/10.1016/j.jalz.2018.07.219
https://doi.org/10.1002/mds.23429
https://doi.org/10.1016/S0899-9007(98)00171-3
https://doi.org/10.1159/000327752

	Gender-related differences in cognitive performance and cognitive stimulation efficacy in subjects with Parkinson’s disease and mild cognitive impairment
	1 Introduction
	2 Materials and methods
	2.1 Participants and eligibility criteria
	2.2 Clinical assessment
	2.3 Cognitive intervention
	2.4 Statistical analysis

	3 Results
	3.1 Sample characteristics and gender-based differences at baseline
	3.2 Longitudinal changes by gender and treatment
	3.2.1 Gender-related outcomes in TRG and CG
	3.2.2 Follow- up at 6 months
	3.3 Interaction between CRIq scores and gender on cognitive outcomes

	4 Discussion

	References

