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Abstract: Isolated rapid-eye-movement sleep behaviour disorder (RBD) is considered the prodromal
stage of α-synucleinopathies (e.g., Parkinson’s disease and dementia with Lewy bodies); however,
iRBD patients show a wide variety in the progression timing (5–15 years). The model of cognitive
reserve (CR) might contribute to explaining this phenomenon. Our exploratory study aimed to
evaluate, for the first time, the impact of CR level on cognitive performance in polysomnography-
confirmed iRBD patients. Fifty-five iRBD patients (mean age ± SD: 66.38 ± 7.51; M/F 44/11)
underwent clinical and neuropsychological evaluations at the time of diagnosis. The CR Index
questionnaire was part of the clinical assessment. We found that iRBD patients with high levels of CR
showed: (i) the lowest percentage of mild cognitive impairment (10%), and (ii) the best performance
in visuo-constructive and verbal memory functions (i.e., the recall of the Rey–Osterrieth complex
figure test). Our results suggest that CR might help iRBD patients better cope with the cognitive
decline related to the neurodegenerative process, providing the first preliminary findings supporting
CR as a possible protective factor in this condition. This might pave the way for future longitudinal
studies to evaluate the role of CR as a modulating factor in the timing of iRBD conversion and
cognitive deterioration development.

Keywords: rapid-eye-movement sleep behaviour disorder; RBD; sleep disorders; cognitive
reserve; Cognitive Reserve Index questionnaire; neurodegenerative disorders; α-synucleinopathies;
neuropsychology; neuropsychological evaluation

1. Introduction

Rapid-eye-movement (REM) sleep behaviour disorder (RBD) is a REM sleep para-
somnia characterised by the loss of the physiological muscular atonia typically present
during REM sleep (known as REM sleep without atonia or RSWA); as a consequence,
RBD patients often act out their dreams with vocalisation and/or complex motor behav-
iors [1]. RBD is defined as primary or isolated (iRBD) when it occurs in the absence
of any other medical conditions, or as secondary when it is caused by other neurolog-
ical diseases [2]. Notably, the former is recognised worldwide as a prodromal stage of
α-synucleinopathies—neurodegenerative disorders characterised by the accumulation
of altered α-synuclein aggregates in the neurons and/or glial cells [3,4]. These include
Parkinson’s disease (PD) and dementia with Lewy bodies (DLB), which represent the
main phenoconversion endpoints of iRBD patients [5,6]. It is quite established that after
15–20 years of disease duration, the vast majority of iRBD patients (>90%) develop a full-
blown α-synucleinopathy [5]. However, the time of progression is highly heterogeneous
among these patients. The median time of progression varies between 12 and 14 years,
but a considerable portion of iRBD patients (~33.5%) shows a faster conversion–five years
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of disease duration [5]. The reason underlying this inter-subject variability is still largely
unknown. Both modifiable (e.g., life experience) and non-modifiable (e.g., genetic and
sex) factors might modulate the speed of conversion rate in iRBD, delaying or accelerating
motor and/or cognitive symptoms onset.

The cognitive reserve (CR) might play a role in this phenomenon, contributing to
the delay of the phenoconversion in iRBD. Brain reserve (BR) capacity seems to protect
against pathological cognitive decline, as in the case of neurodegenerative diseases [7].
Specifically, individuals with more reserve might better cope with neurodegenerative
processes due to an active compensatory mechanism lying on enhanced brain network
efficacy and flexibility [8]. Life-long experiences can influence the efficacy and flexibility
of brain networks by promoting neural plasticity. On this basis, education, stimulating
occupational experience, social environments and leisure activities can modulate the brain
architecture, contributing to building up CR. In other words, individuals with a high
reserve have greater neural resources, requiring more pathology burden to reach the critical
threshold needed to clinically manifest ongoing pathological mechanisms (delay in the
onset of clinical symptoms).

The theoretical framework of CR has been extensively investigated both in the context
of normal ageing [8,9] and in neurodegenerative diseases [9,10]. Regarding PD, the litera-
ture reports that education acts as a protective factor in PD patients [11,12]. PD patients
with higher education have better performances in different cognitive domains (i.e., atten-
tion, executive functions, memory and visuospatial abilities) [11]. Few studies addressed
the role of CR in DLB patients, the majority focusing on education; however, results are
highly heterogeneous [13–16]. One study focused on the role of occupation as a proxy of CR
in DLB, showing that specific job skills (i.e., problem-solving, visual tasks and sociality) act
as protective factors in DLB, shaping the connectivity of high-order neural networks [17].
Although studies on reserve are particularly significant in the preclinical stage of neurode-
generative diseases, there is no evidence regarding CR in iRBD. Recently, a cross-sectional
study evaluated the possible moderating action of education in subjects diagnosed with
probable RBD (questionnaire-based diagnosis) [18]. The authors demonstrated that a high
level of education delays the onset of cognitive and motor decline in these patients [18].

The main aim of the present research article was to evaluate the impact of CR on the
cognitive functioning of iRBD patients. Investigating the effect of long-life experience in this
prodromal condition might help to explain the inter-subject variability in the progression
rate. However, quantifying CR is often a hard challenge. It is increasingly clear that
sustained engagement in multiple activities critically develops the CR [19]. Thus, focusing
on static contributors (experience in a single period) makes it difficult to capture either the
impact of prolonged exposure or the interplay of several reserve-enhancing factors [20,21].
In 2012, Nucci and colleagues [22] developed a standardised questionnaire (the Cognitive
Reserve Index questionnaire (CRIq)) to measure CR in all its complexity to overcome this
challenge. This tool takes into account different life experiences (education, occupation
and leisure activities) and the time spent in each. Thus, for instance, it considers whether
a subject changed jobs during the lifespan and weighs each experience according to the
time duration. In addition, this instrument provides separate scores for each evaluated
life aspect and a total score for the integration of all the variables. Thus, we used CRIq to
quantify CR accumulated by individuals through their lifespan and to assess its impact on
their cognitive functioning.

2. Materials and Methods

Fifty-five polysomnography (PSG)-confirmed iRBD patients were retrospectively re-
cruited between 2017 and 2022 from the clinical database of the Sleep Disorders Center,
San Raffaele Hospital, Milan (Italy). The clinical diagnosis of iRBD was made by a sleep-
medicine expert according to the third edition of the International Classification of Sleep
Disorders [1]. For the present study, exclusion criteria were the presence of dementia, parkin-
sonism or any other psychiatric or neurological condition [23,24]. All patients underwent a
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comprehensive clinical evaluation, including neurological examination, video-PSG exam,
neuropsychological assessment, motor and non-motor symptoms questionnaires and the
CRIq. All participants provided written informed consent to the experimental procedure,
which was previously approved by the local ethical committee.

2.1. Video-PSG

Video-PSG recording included 19-channel electroencephalography placed according
to the international 10–20 system [25]: electromyography of the submentalis, flexor digito-
rum superficialis and anterior tibialis muscles (i.e., SINBAR montage) [26]; two-channels
electrooculography (i.e., right and left); electrocardiography; and airflow and respiratory-
effort channels. Sleep was scored by a sleep-medicine expert according to the international
guidelines of the American Academy of Sleep Medicine using 30 s epochs [27].

2.2. Neuropsychological Evaluation

The standard neuropsychological protocol included a comprehensive battery assessing
five global cognitive domains by means of different standardised tests: (1) the cognitive
screening domain was assessed by means of the mini-mental state examination (MMSE) [28];
(2) the language domain was assessed by means of the token test [29], semantic and phone-
mic verbal fluency tests [30] and the CAGI oral denomination test [31]; (3) the memory
domain was assessed by means of the digit-span test (forward [32] and backward [33]
versions), the Corsi block-tapping test [34], the Rey auditory verbal learning test (RAVLT)
(i.e., immediate recall, delayed recall and recognition parts) [35] and the recall of the Rey–
Osterrieth complex figure (ROCF) [36]; (4) the executive functions domain was assessed by
means of Raven’s progressive matrices test (RPM) [34] and the attentive matrices test [34];
finally, (5) the visuospatial abilities domain was assessed by means of the copy of the
ROCF [36]. The neuropsychological evaluation was performed by an expert neuropsychol-
ogist, who administered and scored each test according to national procedures. Specifically,
raw scores obtained in each neuropsychological test were adjusted for age, gender and
education, providing adjusted scores for each patient (corrected scores). Then, corrected
scores were evaluated based on a five-level scale: (0) severe deficits (i.e., pathological
threshold), (1) moderate deficits, (2) mild deficits, (3) minimal deficits, and (4) no deficits.

Based on this neuropsychological evaluation, the presence of mild cognitive impair-
ment (MCI) was assessed, and a clinical diagnosis was made according to the criteria
proposed by Petersen and colleagues in 2018 [37].

2.3. Motor and Non-Motor Symptoms Questionnaires

Motor and non-motor symptoms were evaluated through the administration of stan-
dardised questionnaires, namely the Unified Parkinson’s Disease Rating Scale (UPDRS) [38],
the Non-Motor Symptoms Questionnaire (NMSQ) [39] and the Scale for Outcomes in
Parkinson’s Disease—autonomic (SCOPA-AUT) [40].

2.4. CRIq

The CRIq was administered to each patient. It represents a standardised and reliable
tool for measuring CR throughout the lifespan [22]. It investigates three different CR prox-
ies: (i) education, i.e., years of schooling and other possible training courses; (ii) working
activity, i.e., the number of years for each of the professions carried out, and the type of
job scored on five degrees of intellectual demand (i.e., class 1: unskilled manual work;
class 2: skilled manual work; class 3: skilled non-manual or technical work; class 4: profes-
sional occupation; class 5: highly intellectual occupation); and (iii) leisure time, including
the number of years, type and frequency of different cognitively stimulating activities
(i.e., intellectual, social and physical activities) [22]. The CRIq returns one composite total
score and three different subscores, one for each evaluated CR proxy. Of note, the CRIq
total score is classified into five different levels: level 1, low CR (less than 70); level 2,
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medium–low CR (70–84); level 3, medium CR (85–114); level 4, medium–high CR (115–130);
and, level 5, high CR (more than 130) [22].

2.5. Statistical Analyses

Data were analysed using Statistical Package for Social Sciences (IBM SPSS Statistics
for Windows, Version 20.0. Armonk, NY: IBM Corp.) and Jeffreys’s Amazing Statistics Pro-
gram (JASP, Version 0.16.0, Amsterdam, NL) software. First, we performed the descriptive
statistics to characterise the sample in terms of gender, age, level of education, presence of
hyposmia, disease duration, presence of MCI, presence of motor and non-motor symptoms,
and PSG indices. Corrected neuropsychological test scores were compared among patients
divided according to the CRIq level. The disease duration might be a confounding variable
in assessing CR modulation of neuropsychological scores; the cognitive performance of
iRBD can decrease with disease progression. This requires excluding the effect of disease
duration on the tested CR models. To do this, we entered disease duration as a covari-
ate in the group comparisons. We also wanted to investigate differences across global
cognitive-domain scores (rather than across single neuropsychological test scores) among
subjects grouped according to their CRIq level. We first z-transformed the corrected scores
of each neuropsychological test. Then, we averaged the z-scores of the neuropsychological
tests belonging to a specific cognitive domain: cognitive screening, memory, language,
executive functions and visuospatial abilities (see the Section 2.2 for the composition of
cognitive domains). This way, we obtained global z-scores for each cognitive domain.
Finally, we computed the differences in the cognitive domains among CRIq level groups,
controlling for disease duration. Correlation analyses were performed between the neu-
ropsychological tests’ corrected scores and CRIq values (total and subscores). In addition,
we investigated the correlation between CRIq values and corrected neuropsychological
scores with disease duration.

The Shapiro–Wilk normality test and outlier analyses were used to assess sample
distribution. All the variables were normally distributed, and the statistically significant
outliers were excluded from the analyses. Comparisons of parametric variables were
performed using univariate ANOVA, and Bonferroni correction was applied for post-hoc
pairwise comparisons. Pearson’s rho parametric test was used in all the correlation analyses.
For all the analyses, p-values less than 0.05 were considered statistically significant.

3. Results
3.1. Clinical Characteristics of the Sample

Demographic and clinical characteristics of the whole sample (n = 55) are reported
in Table 1. The majority of patients were males (n = 44; 80%) and the mean (±SD)
age was 66.38 ± 7.51 years. iRBD patients showed a mean (±SD) disease duration of
4.26 ± 3.56 years. The disease duration was collected retrospectively, computing the time
between subjective symptom onset and the time of diagnosis. Of note, the neuropsycholog-
ical assessment was made at the time of the diagnosis. iRBD patients showed disturbed
sleep (i.e., low percentage of sleep efficiency, high sleep latency and high wake after sleep
onset), despite a good percentage of slow-wave sleep (mean ± SD: 20.34 ± 10.04) and REM
sleep (mean ± SD: 20.38 ± 6.73). The neuropsychological evaluation demonstrated that
18 patients out of 55 were affected by MCI (32.73%), six of them had a multi-domain MCI
(33.33%) and four patients presented an amnestic MCI (22.22%). iRBD patients with MCI
(iRBD + MCI) were significantly (p = 0.049) older (mean ± SD: 69.17 ± 7.29) than iRBD
patients without MCI (iRBD − MCI) (mean ± SD: 65.24 ± 7.30). With respect to motor and
non-motor symptoms, patients showed a mean (±SD) UPDRS total score of 7.59 ± 5.59, a
mean (±SD) SCOPA-AUT total score of 8.66 ± 6.04 and a mean (±SD) NMSS total score of
26.00 ± 21.18; moreover, approximately half of the subjects had hyposmia (n = 26; 50.98%).
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Table 1. Population characteristics.

n = 55 %

Male 44 80.00%
Hyposmia (yes) a 26 50.98%
MCI 18 32.73%

Mean ± SD Min–Max

Age (years) 66.38 ± 7.51 50–78
Disease duration (years) 4.26 ± 3.56 0–17
Years of education (years) 12.38 ± 4.11 5–23
Sleep latency (min) 28.18 ± 26.49 1–123
WASO (min) 70.14 ± 43.02 13–247
TST (min) 361.18 ± 58.17 221–462
%SE 78.45 ± 10.93 41.70–94.20
NAWK 16.24 ± 12.63 5–94
N1 (%) 11.66 ± 3.92 3.80–23.40
N2 (%) 48.45 ± 8.63 29.20–69.40
Slow-wave seep (%) 20.34 ± 10.04 4–51.50
REM sleep (%) 20.38 ± 6.73 6.80–39.20
REM latency (min) 99.61 ± 55.76 13.50–265
UPDRS total score b 7.59 ± 5.59 0–22
SCOPA total score c 8.66 ± 6.04 0–26
NMSS total score d 26.00 ± 21.18 0–71
CRI—education 108.04 ± 13.58 84–140
CRI—working activity 111.44 ± 17.84 72–159
CRI—leisure time 110.65 ± 22.67 72–165
CRI—total 113.33 ± 18.66 77–156

MCI: mild cognitive impairment; SD: standard deviation; min: minutes; WASO: wake after sleep onset;
TST: total sleep time; %SE: sleep efficiency; NAWK: number of awakenings; N1: stage-one sleep; N2: stage-two
sleep; REM: rapid eye movement; UPDRS: Unified Parkinson’s Disease Rating Scale; SCOPA: Scales for Outcomes
in Parkinson’s Disease; NMSS: Non-Motor Symptoms Scale; CRI: Cognitive Reserve Index. a Only 51 out of 55
had hyposmia information. b Only 42 out of 55 had UPDRS total score. c Only 47 out of 55 had SCOPA total score.
d Only 39 out of 55 had NMSS total score.

3.2. Characterisation of the Sample According to CRIq

Regarding CR profiles, patients had a mean (±SD) CRIq total score of 113.33 ± 18.66;
meanwhile, the mean (±SD) scores obtained in each CR proxy were as follows: education
108.04 ± 13.58, working activity 111.44 ± 17.84, and leisure time 110.65 ± 18.66 (see Table 1).

Table 2 illustrates the distribution and demographic characteristics of the patients
within the different levels of the CRIq. In this context, two important points should be
emphasised: (i) in the present sample, none of the patients belonged to the low CR group
(level 1); and (ii) the number of subjects included in CRIq level 2 group (i.e., the lowest CRIq
level in the present study) was very small since only three patients fell within this category.

Table 2. Characteristics of the groups based on CRIq levels at baseline.

CRIq Level Cut-Off n (%) M/F Age
(Mean ± SD)

Disease
Duration

(Mean ± SD)

CRIq level 2 70–84 3 (5.45%) 2/1 71.25 ± 6.40 3.67 ± 1.53
CRIq level 3 85–114 25 (44.45%) 19/6 65.77 ± 7.05 3.43 ± 2.71
CRIq level 4 115–130 17 (32.73%) 14/3 64.89 ± 8.08 4.72 ± 3.85
CRIq level 5 ≥130 10 (18.18%) 9/1 69.00 ± 7.18 5.27 ± 4.76

CRIq: Cognitive Reserve Index questionnaire; M: males; F: females; SD: standard deviation.

3.3. MCI Distribution across CRIq Levels

In order to test whether higher CR levels may represent a possible protective factor
against cognitive decline, the distribution of MCI within the groups was investigated.
Table 3 illustrates how iRBD + MCI and iRBD − MCI patients were distributed within the
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four different groups of the CRIq. Interestingly, in the highest level of the CRIq most of the
subjects with CRIq level 5 did not present MCI (9 out of 10, 90.00%).

Table 3. MCI distribution.

CRIq Level
iRBD − MCI iRBD + MCI

n % n %

CRIq level 2 2 66.67% 1 33.33%
CRIq level 3 17 68.00% 8 32.00%
CRIq level 4 10 58.82% 7 41.18%
CRIq level 5 9 90.00% 1 10.00%

MCI: Mild cognitive impairment; iRBD + MCI: iRBD patients with MCI; iRBD − MCI: iRBD patients without
MCI; CRIq: Cognitive Reserve Index questionnaire.

3.4. Association between Neuropsychological Performances and CRIq Levels

Table 4 presents the results of the univariate ANOVA comparing groups defined
according to CRIq levels on the mean neuropsychological scores (controlling for disease
duration). Results showed significant differences in the scores obtained on the RAVLT
immediate recall and the ROCF recall. However, for the RAVLT immediate recall, none of
the post hoc pairwise comparisons remained significant after the Bonferroni correction. As
concerns ROCF recall, post hoc comparisons showed a significant difference between CRIq
level 4 group (mean ± SD: 15.41 ± 4.49) and CRIq level 5 group (mean ± SD: 21.09 ± 6.09)
with a p-value of 0.024.

Table 4. Univariate ANOVA between groups identified according to CRIq level on single neuropsy-
chological tests (controlling for disease duration).

Tests Pathological
Cut-Offs

All Patients
n = 55

CRIq Level 2
n = 3

CRIq Level 3
n = 25

CRIq Level 4
n = 17

CRIq Level 5
n = 10

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD p

MMSE <24.00 28.13 ± 1.39 27.97 ± 2.12 28.49 ± 1.41 27.91 ± 1.57 27.84 ± 0.55 0.638
Token test <26.50 32.01 ± 1.89 33.12 ± 2.50 31.44 ± 2.30 32.51 ± 1.46 31.86 ± 1.09 0.204

Semantic fluency <25.00 45.71 ± 8.81 49.50 ± 11.15 42.73 ± 9.92 45.61 ± 6.38 50.45 ± 7.46 0.107
Phonemic fluency <17.00 32.13 ± 10.39 37.50 ± 16.92 29.09 ± 8.24 33.83 ± 12.68 33.45 ± 6.50 0.405
Oral naming test <41.99 47.53 ± 0.91 47.85 ± 0.29 47.34 ± 1.14 47.39 ± 0.91 48.00 ± 0.00 a

Digit forward <4.26 5.79 ± 1.05 6.16 ± 2.15 5.47 ± 1.09 5.89 ± 0.89 6.17 ± 0.55 0.354
Digit backward <2.65 4.40 ± 1.08 4.56 ± 0.93 4.16 ± 0.95 4.48 ± 1.19 4.70 ± 1.20 0.642
Corsi span test <3.46 5.21 ± 0.90 5.49 ± 0.75 5.01 ± 1.05 5.43 ± 0.88 5.12 ± 0.64 0.296

RAVLT-I <28.53 44.08 ± 7.99 47.85 ± 9.38 40.13 ± 8.72 46.07 ± 6.04 47.34 ± 6.14 0.026 *
RAVLT-D <4.69 9.62 ± 2.43 10.17 ± 2.35 8.87 ± 2.83 9.76 ± 2.03 10.68 ± 1.95 0.203
RAVLT-R <8.00 13.87 ± 2.18 15.75 ± 4.35 13.36 ± 2.63 14.00 ± 0.84 14.00 ± 1.48 0.221
ROCF-C <28.88 32.29 ± 3.28 32.31 ± 6.72 32.26 ± 3.05 31.72 ± 3.30 33.25 ± 2.22 0.648
ROCF-R <9.47 17.22 ± 5.37 20.37 ± 5.45 16.19 ± 4.73 15.41 ± 4.49 21.09 ± 6.09 0.029 *

RPM <18.00 29.70 ± 4.20 33.87 ± 2.87 28.75 ± 4.58 29.53 ± 3.92 30.39 ± 3.60 0.066
Attentive matrices <31.00 49.06 ± 5.24 52.00 ± 5.50 49.62 ± 4.24 47.75 ± 6.35 49.02 ± 5.07 0.264

CRIq: Cognitive Reserve Index questionnaire; SD: standard deviation; MMSE: mini-mental state Examination;
RAVLT-I: Rey auditory verbal learning test-immediate; RAVLT-D: Rey auditory verbal learning test—delayed;
RAVLT-R: Rey auditory verbal learning test—recognition; ROCF-C: Rey–Osterrieth complex figure—copy; ROCF-
R: Rey–Osterrieth complex figure—recall; RPM: Raven’s progressive matrices. a The variance in oral naming test
is equal to 0 after grouping by CRIq level. * p-value < 0.05.

Table 5 presents the results of the univariate ANOVA comparing groups defined
according to CRIq levels on the global z-scores of the five cognitive domains (controlling
for disease duration). This analysis showed that the four groups differed significantly in
the domains of language (p-value = 0.048) and memory (p-value = 0.032). Nevertheless,
for neither the language domain nor the memory domain did any post hoc pairwise
comparisons remain significant after the Bonferroni correction.
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Table 5. Univariate ANOVA between groups identified according to CRIq level on global neuropsy-
chological performances (controlling for disease duration).

Cognitive Domain
CRIq Level 2 CRIq Level 3 CRIq Level 4 CRIq Level 5

Mean ± SD Mean ± SD Mean ± SD Mean ± SD p

Cognitive screening −0.11 ± 1.51 0.26 ± 0.99 0.15 ± 1.12 −0.20 ± 0.39 0.538
Language 0.40 ± 0.69 −0.22 ± 0.63 0.08 ± 0.42 0.25 ± 0.32 0.048 *
Memory 0.36 ± 0.65 −0.19 ± 0.58 0.06 ± 0.31 0.25 ± 0.38 0.032 *
Executive functions 0.67 ± 0.96 −0.02 ± 0.66 −0.05 ± 0.54 0.05 ± 0.37 0.122
Visual spatial abilities 0.29 ± 2.02 0.28 ± 0.92 0.12 ± 0.99 0.57 ± 0.67 0.458

CRIq: Cognitive Reserve Index questionnaire; SD: standard deviation; * p-value < 0.05.

Lastly, no significant correlation was found. Indeed, correlation analyses between
corrected neuropsychological scores and CRIq values (total and subscores) did not show
statistically significant results. Likewise, CRIq values and corrected neuropsychological
scores did not significantly correlate with disease duration.

4. Discussion

The present study aimed to evaluate (for the first time) the influence of CR (measured
by the CRIq) on the cognitive performance of PSG-confirmed iRBD patients. iRBD rep-
resents a unique time window, ideal for testing new neuroprotective methods and better
understanding α-synuclein-related neurodegenerative mechanisms. These patients have a
variable timing of phenoconversion, ranging from 5 to 15 years of disease duration. Thus,
evaluating the influence of CR on cognitive functioning might be helpful both to explain
the inter-subject variability in the onset of cognitive symptoms and to implement strategies
to postpone cognitive deterioration based on neuropsychological interventions. We found
that iRBD patients with a high-level of CR showed: (i) the lowest percentage of MCI (10%),
and (ii) the best performance in visuo-constructive and verbal memory (the recall of the
ROCF test) functions.

The distribution of iRBD + MCI patients across CRIq levels showed a very low per-
centage of iRBD + MCI subjects within the CRIq level 5 group (high-level CR). This can
indicate that an extremely high CR level represents a protective factor against the man-
ifestation of cognitive decline, most likely delaying its onset. Thus, in line with the CR
hypothesis [41,42], our first preliminary results suggest that CR could mitigate the impact
of cognitive decline when CRIq scores are at the highest level. This finding is consistent
with other studies investigating the CRIq in the context of PD and cognitive impairment,
also reporting the same protective role for high CRIq scores [43,44]. In this framework, a
recent study by Guzzetti and collaborators [44] investigated the role of CR in PD patients by
means of the CRIq, supporting not only a protective role of CR against cognitive decline in
PD, but also highlighting a prominent beneficial effect of CR at the later stages of the disease.
This could provide evidence that the effect of CR in the early stages of α-synucleinopathies
could not be equally strong (as demonstrated in PD) due to the time-window of reference.
Moreover, it is worth noting that most iRBD patients in the present sample had a high
CR level (median ± SD: 116.00 ± 18.66); consequently, there were only few subjects in
the medium−low CR group (level 2) and none in the low CR group (level 1). This could
have led to a ceiling effect, reducing the possibility of observing the effect of CR across all
possible levels.

Comparisons of neuropsychological performances between groups classified accord-
ing to CRIq levels revealed only two statistically significant differences on the RAVLT
immediate recall and on the ROCF recall. Both tests belong to the memory domain, which
therefore appears to be the most influenced by CRIq scores. This finding was also con-
firmed by comparisons between the groups on global domains scores, which showed a
statistically significant difference in the memory domain, but also in the language domain
(which is also implicated in the RAVLT immediate-recall performance). A link between
CRIq scores and the memory domain has also emerged in several other studies focusing on
other clinical populations [43–46]. This finding might be due to the fact that CRIq gives
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much weight to activities that promote memory rather than any other cognitive function.
Specifically, the CRIq includes the education proxy, but also the working-activity proxy,
which is clustered according to the degree of intellectual demand. Indeed, job classification
seems to consider the academic preparation required without considering other skills that
more manual jobs tend to stimulate. However, it is also important to note that almost all
the comparisons did not remain statistically significant after the Bonferroni correction. For
this reason, conclusions that can be drawn from these data should be taken with caution.

The present work had several limitations. First, the small sample size severely limited
the interpretation of our findings. This also led to a strong imbalance in terms of numerosity
for each group identified according to CRIq levels. Thus, our results need to be confirmed
by future studies with larger samples equally distributed among the different CRIq levels.
Second, the sample was not balanced by gender, which is partly due to the male prevalence
of iRBD, but female subjects are still underrepresented. Third, the study’s cross-sectional
design only provided a snapshot of a dynamic process. Given that the influence of CR on
neuropsychological functioning changes with the progression of the disease [44], future
longitudinal studies may provide greater insights into the timing of cognitive impairment in
iRBD patients with different CR levels. Finally, the CRIq tool itself presents some issues that
should be considered. Firstly, job clustering does not take into account the soft skills that
some more practical jobs promote, giving almost sole weight to the academic preparation
required by different jobs. Secondly, the CRIq tool was created in 2012 [22] and an update
might be considered. Indeed, over the last ten years, the use of technology has occupied an
increasingly important role in our lives, and therefore, its influence cannot be summarised
in one generic item. For these reasons, future validation studies should consider a new,
updated version of the CRIq.

To sum up, despite several methodological and practical limitations, this represents
the first exploratory study investigating the role of CR in PSG-confirmed iRBD patients by
means of a validated questionnaire. Conclusions that can be drawn from the present find-
ings are limited. Still, they highlight the importance of investigating the moderating role of
CR on neuropsychological functioning years before a firm diagnosis of neurodegenerative
diseases. Future studies should combine CR and BR measures in order to evaluate their
interactions across different stages of pathology.
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