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Metacognitive accuracy
differences in Parkinson'’s disease
and REM sleep behavioral
disorder relative to healthy
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Background: Metacognition is the ability to monitor and self-assess cognitive
performance. It can be impaired in neurodegenerative diseases, with implications
for daily function, and the ability of patients to reliably report their symptoms
to health professionals. However, metacognition has not been systematically
assessed in early-mid stage Parkinson’s disease (PD) and REM sleep behavioral
disorder (RBD), a prodrome of PD.

Objectives: This study aimed to evaluate metacognitive accuracy and self-
confidence in PD and RBD patients across various cognitive tasks.

Methods: We conducted detailed computerized cognitive assessments with
19 cognitive tasks within an established PD and RBD cohort. Participants self-
rated their performance post-task. Metacognitive accuracy was calculated by
comparing these ratings against objective performance and further analyzed
against clinical and mental health factors.

Results: PD and RBD patients’ metacognitive accuracy aligned with control
subjects. However, they exhibited lower confidence across cognitive domains,
reflecting their reduced cognitive performance. A notable inverse correlation
was observed between their confidence and MDS-UPDRS | and Il scales and
HADS anxiety and depression scores.

Conclusion: Our findings indicate that patients with early to mid-stage PD
and RBD are generally aware of their cognitive status, differing from other
neurological disorders. The inverse relationship between patient confidence
and symptoms of depression, anxiety, and daily life challenges underscores
the impact of emotional and functional difficulties on their self-perception of
cognitive abilities. This insight could be significant for understanding how these
conditions affect mental health, aiding clinicians in developing more effective
patient care strategies.
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Parkinson’s disease, REM sleep behavioral disorder, metacognition, metacognitive
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Introduction

Metacognition refers to the ability to self-reflect on one’s own
cognitive processes. Accurately building an image of oneself is key to
human activity behavior regulation (1) and directly informs decision-
making, problem-solving and general well-being (2, 3). The construct
of metacognitive accuracy, which measures the congruence between
on€’s judgments of their cognitive performance and actual task
performance, has garnered significant interest in psychological
research. Good metacognitive accuracy, where there is a close
correspondence between predicted and actual performance, is
indicative of well-calibrated self-assessment abilities. Measures of
metacognitive accuracy, derived from task performance, have been
shown to be critical indicators of the functional integrity of an
individual’s metacognitive processes (4).

Although aging in itself is not generally detrimental to
metacognitive accuracy, which remains stable across most cognitive
domains (5), it is important to note that progressive neurodegenerative
diseases leading to dementia frequently exhibit a decline in
metacognitive capabilities (6). Past research has established a
connection between damage to the anterior prefrontal cortex and
reductions in metacognitive accuracy (7). Moreover, in conditions
such as Parkinson’s disease (PD), there is observed degeneration in the
frontal lobes (8), which has been associated with cognitive decline (9).
Given that the patterns of metacognitive impairment observed post
brain injury overlap with those seen in the cognitive impairments
characteristic of PD, this presents a compelling rationale for more
detailed investigations into the potential impact of PD on
metacognitive accuracy.

PD is a progressive neurodegenerative disease characterized by
both motor and nonmotor symptoms, including cognitive deficits that
can manifest as PD-dementia, affecting patient independence and
increasing caregiver burden (10-12). REM sleep behavior disorder
(RBD) is an early PD indicator, with a 1% incidence in the elderly,
similar to PD (13). RBD carries an uneven risk of progressing to PD
or related diseases — about 30% within three years, with higher risks
(up to 65%) for certain groups, and 73.5% after 12years (14, 15).
While profound disturbances in self-awareness are not typical in PD,
emerging evidence suggests potential impacts on key metacognitive
aspects (6).

Research into metacognition within PD is notably scant,
particularly concerning its early stages. Additionally, the current body
of literature overlooks metacognition in the context of RBD. Some
investigations have indicated preserved aspects of metacognition in
PD; for instance, research by Oh-Lee et al. (16) suggests that PD
patients may not suffer deficits in specific facets of metamemory, such
as the tip-of-the-tongue phenomenon. Conversely, there are studies
indicating compromised self-awareness and metacognitive functions
in PD. For example, there is some evidence to suggest that patients
with PD, especially those in advanced stages of cognitive decline, often
exhibit anosognosia. This condition, which is characterized by a lack
of awareness of one’s own illness, is believed to stem from degeneration
in brain areas responsible for self-perception. Notably, this lack of
awareness in PD patients was noted to be inversely related to
depression (17). Studies have also identified impairments in olfactory
metacognition in PD, with patients demonstrating a reduced ability
to accurately assess their own proficiency in smell identification
(18). Additionally, self-awareness of impulse-control disorders appears
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to be either comparable or heightened in PD patients with impulse-
control disorders when contrasted with those without (19). In studies
where PD patients with comorbid gambling disorder were assessed
using the Iowa gambling task followed by metacognitive self-reports,
metacognitive abilities seemed compromised only in the presence of
both conditions, suggesting that poor impulse control may act as a
conduit for metacognitive impairment in PD (20).

Mental health status is likely to play a role in biasing metacognitive
judgments (although this is unlikely to be specific to neurodegenerative
conditions). Symptoms of depression and anxiety, which often
manifest as worry and rumination, have been shown to influence
metacognitive assessments in both healthy individuals and PD
patients, who frequently contend with these issues (21). A maladaptive
metacognitive style has indeed been associated with higher levels of
distress in PD patients (22).

What the current general literature lacks is a comprehensive
examination of metacognition, particularly metacognitive accuracy
derived from task performance across various cognitive domains.
Such an investigation would provide an objective measure that
contributes to our understanding of higher-order metacognitive
processes. There is a need to ascertain the extent of impairment in
metacognition within PD, evaluate whether similar or different levels
of deficits are present in RBD, and understand how these cognitive
aspects relate to the symptoms of anxiety, depression, and the clinical
manifestations experienced by patients.

Our study explored self-reported confidence and metacognitive
accuracy in relation to Hospital Anxiety and Depression Scale (HADS)
and Movement Disorder Society-Sponsored Revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS) scales in PD and RBD
patients within the Discovery Cohort (23). It aimed to identify whether
metacognitive processes are affected in early and prodromal PD stages,
potentially serving as early indicators of the disease. Participants
completed 19 cognitive tasks assessing executive function, reasoning,
attention, memory, language, and motor function (24), followed by
performance ratings from 1 (low confidence) to 100 (high confidence).
Metacognitive accuracy was calculated by comparing these ratings with
actual performance (25). The hypothesis was that PD and RBD patients
would show impaired metacognitive accuracy and lower confidence
compared to controls, correlating with anxiety, depression, and
symptom severity as per MDS-UPDRS I, II, and IIT scales.

Methodology
Participants recruitment

Individuals from the Oxford Discovery Cohort (23), enrolled
within three and a half years from their initial diagnosis during 2010-
2016, were regularly evaluated using clinical scales, including the
Montreal Cognitive Assessment (MoCA). From 2020 to 2022, those
scoring above 24 on their latest MoCA (indicating no mild cognitive
impairment) were invited for computerized cognitive tasks on
Cognitron.' The study comprised 59 PD patients, 54 with isolated RBD,
and 50 controls, with 56 PD, 50 RBD, and 46 controls completing all

1 https://www.cognitron.co.uk
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tasks. Sociodemographic and clinical data at baseline and most recent
assessment pre-cognitive tests are reported in Supplementary Table S1.

Ethical approval was given by the South Central-Oxford A
Research Ethics Committee in accordance with the Declaration of
Helsinki 1964, Ethics Ref: 16/SC/0108. All participants provided
informed consent prior to completing the survey.

Discovery cohort patient selection

Participants with a diagnosis of PD or RBD were included in the
Oxford Discovery Cohort (23). Participants with PD were diagnosed
based on the UK PD Brain Bank Criteria (26). The diagnosis of RBD
was made on the basis of polysomnographic evidence according to
International Classification of Sleep Disorders criteria (27). Individuals
with concomitant OSA were only included if the two conditions were
unequivocally distinguishable by polysomnography (PSG). In
uncertain cases, the diagnosis of RBD was either confirmed by repeat
PSG with the use of continuous positive airway pressure (CPAP), or
the individuals were excluded from the study. Patients taking
antidepressants at the time of v-PSG were not excluded from the study,
if the opinion of their sleep specialist was that the onset of RBD
symptoms was not temporally related to commencing SSRI
medications. The selection of participants with RBD within the
Oxford Discovery Cohort has been covered by Barber et al. (28).

Cognitive assessment

To minimize fatigue, the cognitive tasks were split into two
batteries intended for completion on consecutive days. Each battery,
taking approximately 40 min, included a motor control task, a short
questionnaire (for study ID, group, medication, symptom intensity),
and a subset of the cognitive tasks. The tasks assessed attention (Target
Detection), reaction time (SRT), memory (immediate and delayed
word recognition), working memory (Digit Span, Spatial Span, Paired
Associate Learning, Card Pairs), visuospatial processing (2D
Manipulations, Four Towers/3D Scene Rotation, Picture Completion),
emotion discrimination, spatial planning (Blocks, Tower of London),
cognitive control (Switching Stroop, Trail Making), semantic
reasoning (Verbal Analogies), and crystallized intelligence (Word
Definitions).  Detailed
Supplementary Tables S1, S2, and Supplementary Task Descriptions.

descriptions  are  available in

Metacognitive assessment

In response to the question “How well do you think you performed
on the task?” participants assessed their performance on each task
using a 0-100 confidence judgment (CJ) slider, with 0 indicating no
confidence (“poor”) and 100 indicating complete confidence
(“excellent”) in their task performance.

Statistical analysis

Task performance was standardized to a 0-100 percentage of
maximum possible (POMP) scale, matching CJ scores (25), then
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metacognitive accuracy was determined by subtracting actual task
performance from CJ scores for each task. No difference indicated
perfect metacognitive accuracy, whereas differences closer to +100
suggest overestimation (positive bias), while those nearing —100
indicate underestimation (negative bias) of cognitive ability.

Prior to analysis, task performance scores were adjusted to the
effects of age by decade, sex and years of further education using a
linear regression model. Afterwards they were rank inverse
transformed. ANOVA analyses were run to determine effects of task,
groups, nuisance variables, and their interactions on POMP scores, CJ
scores and metacognitive accuracy. Tukey post-hoc tests were run to
identify which group differences drove main effects. A factor analysis
with one factor was used to define the global cognitive composite, CJ
composite and metacognitive accuracy composite score. Finally,
simple Pearson correlations were run to assess the strength of the
relationship between numerical variables. All statistical analyses were
run in python using the statsmodels package (29).

Results

Sociodemographic and clinical
characteristics

Demographics of participants are reported in Table 1. There was
a difference in mean ages at the assessment, with controls being on
average half a decade older than the patient population.

Differences in retrospective CJ and
metacognitive accuracy

The analysis pertaining to differences in cognitive performance
across patient groups has been reported elsewhere (24). Compared to
control participants, patients with PD underperformed on several
tasks: Target Detection, Immediate Recognition Memory, Switching
Stroop, Word Definitions, Blocks, Simple Reaction Time (SRT), Trail
Making, and Picture Completion. Individuals with RBD demonstrated
underperformance on the Immediate Recognition Memory, Word
Definitions, Verbal Analogies, and SRT tasks. Here, we assess patients’
retrospective CJ, as well as their metacognitive accuracy, defined as the
difference between the CJ and POMP.

Repeated measures ANOVA analyses revealed significant
differences between groups and their interaction with tasks on CJ,
with a significant main effect of group [F(2, 2,845) =41.35, p<0.001]
and a significant interaction [F(34, 2,845) =1.77, p<0.001]. In general,
cross group differences in CJ aligned with where the patients showed
cognitive performance deficits relative to the controls (Figure 1).

PD patients perceived their performance as worse than controls
they underperformed on: Target
(meandiff=—19.06; p <0.001), Immediate Recognition Memory
(meandiff=—13.17; p =0.001), Blocks (meandiff=—12.60; p =0.02),
and SRT (meandiff=-11.01; p =0.003) but not Switching Stroop,
Word Definitions and Picture Completion. Additionally, they
perceived deficits in the Verbal Analogies (meandiff=—12.8539;
p =0.0008), Spatial Span (meandiff=—7.47; p =0.02), Pairs Associate
Learning (meandiff=—13.17; p =0.001), and the Motor Control Task
(meandiff=—12.85; p <0.0001).

on tasks Detection
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TABLE 1 Clinical and demographic characteristics of participants at the visit closest to the cognitive assessment.

Controls PD RBD Significant differences

Age at cognitive assessment 72.84+8.37 66.01+£8.59 = 68.67+8.78 Ak
Age at clinical assessment 71.66+8.6 65.24+8.79 | 68.09+8.66 Hk
Hoehn & Yahr N/A 24047 0.06+0.31 Hk
Probability of idiopathic PD N/A 95.36£5.67 N/A N/A
Epworth sleepiness scale 5.53+3.2 7.66+4.24 5.61+3.89 *

REM sleep behavioral disorder screening questionnaire 2.15%1.77 5.04+3.14 9.45+2.48 ok
Age at PD/RBD diagnosis N/A 56.95£9.09 = 63.23+8.63 ok
Age at motoric symptom N/A 55.18+9.4 | 58.83+9.98 ns

Disease duration since motoric symptom onset in years at the latest clinical visit N/A 10.06+2.59 N/A N/A
Disease duration since diagnosis in years at the latest clinical visit N/A 8.329+1.9 4.86+3.31 N/A

Means + SD are presented for all scores, for all participants who took part in the study: N=50 Healthy Controls (42% female; 4.95 +2.34 years of further education), N=59PD patients (48%
female; 4.2+ 2.77 years of further education), N=54 RBD patients (11% female; 4.35 + 2.5 years of further education). There was no significant difference between participants years of further
education. Participant ethnicity was 98% white background. ANOVA and t-tests results significance: * for p<0.05; ** for p<0.01; *** for p <0.001. N/A indicates where data were not
collected.

Retrospective CJ Metacognitive accuracy
(CJ - POMP)
Mean Reaction Time - Motor o— E— Motor Control Group
Control —— CON
Total Correct Responses - — E— Attention
—— -_—
Target Detection —— 20
Median Reaction Time - Simple - t Reaction Time
Reaction Time =
Total Words Remembered - — T - Immediate and
Immediate Recognition Memory — Delayed Word
Recognition
Total Words Remembered - — E
Delayed Recognition Memory I Memory
Total Correct Responses - —" - Working Memory
Digit Span — Capacity
Total Correct Responses - - ’
Spatial Span -
Total Correct Responses - —_— j‘
Paired Associates Learning ——
Percentage Correct Cards - — 3
Card Pairs —_——
Total Correct Responses - 2D _.__._ f Visuospatial
Manipulations —_— Processing
Total Errors - Picture —— E
—
Completion ——
Total Correct Responses - —— E Emotion
Emotion Discrimination —— Discrimination
Total Correct Responses - —— ’ Spatial Planning
——
Blocks ——
Total Achieved - Tower of — !
London ——
Total Correct Responses - — 3 Executive
Switching Stroop —— Function
Total Correct Responses - = E
Trail Making —
Total Correct Responses - — == E_ Seman_tlc
Verbal Analogies —— Reasoning
Total Words Remembered - Word —" E Crystallised
Definitions —— Intelligence
0 20 40 60 80 100 -100 -75 -50 -25 0 ] 50 75 100
FIGURE 1
Differences between participants with PD, RBD, and healthy controls in confidence in task performance and metacognitive accuracy. Error bars
represent the 95 confidence interval.

RBD patients perceived their performance as worse on tasks they ~ Associate Learning (meandiff=—11.74; p =0.005), and Picture
underperformed  on:  Immediate  Recognition =~ Memory  Completion (meandiff=—9.95; p =0.04), but better than PD on Motor
(meandiff=—11.74; p =0.005), Word Definitions (meandifft=—11.88;  Control (meandiff=8.57; p =0.03).

p =0.01), and SRT (meandiff=—11.28; p =0.003), but not Verbal T-tests against the null hypothesis revealed that with the exception
Analogies. Additionally, they perceived their performance as lower than  of RBD patients on 2D manipulations and Trail Making, PD patients on
controls on the Digit Span Task (meandifft=—8.71; p =0.04) Pairs 2D manipulations and control participants on Emotional
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Discrimination and Pairs Associate Learning, all groups had improper
metacognitive accuracy (positive bias — closer to 100; or negative bias
- closer to —100) on all tasks. A pattern was evident where participants
across all groups generally underestimated their performance (negative
bias) on tasks that assess working memory capacity and spatial planning,
but overestimated their performance (positive bias) on tasks assessing
motor control, reaction time, attention, word recognition, visuospatial
processing, semantic reasoning and crystallized intelligence.

Where cross-group differences in cognition and CJ were noted,
metacognitive accuracy differences were not. For metacognitive
accuracy, the main effect of group [F(2, 2,843) =2.00, p=0.14] or the
interaction between group and task [F(34, 2,843)=1.33, p=0.10] were
not significant, but there was a significant effect of task
[F(17,2,843)=112.04, p<0.001]. Group differences in metacognitive
accuracy were only observed for the Paired Associates Learning task
where the RBD group had a higher positive bias relative to the CON
group (meandiff=15.22; p=0.02); however this did not survive
correction for multiple comparisons.

One-way ANOVA analyses indicated significant group mean
differences in global cognitive performance and CJ, but not
metacognitive accuracy. Tukey post-hoc tests revealed PD patients
had worse global cognitive performance than controls, whereas RBD
patients did not. Both PD and RBD patients had worse global CJ than
controls. PD and RBD patients were not different to each other in
terms of global cognitive performance or global CJ (Figure 2).

Differences in anxiety, depression, and
MDS-UPDRS assessments

The average group scores on the HADS anxiety and HADS
depression subscales were at subclinical levels. One way ANOVA
analyses indicated significant mean group differences for anxiety,
depression, MDS-UPDRS I and MDS UPDRS II. Tukey post-hoc tests
revealed both patient groups had significantly worse anxiety and
depression than control participants, but they were not significantly
different to each other (Figure 3).

Only PD and RBD patients completed the MDS-UPDRS III scale.
T-tests revealed significantly different scores, with PD patients having
an average score of 30.67 £9.87, and RBD patients having an average
score of 6.83+6.97.

10.3389/fneur.2024.1399313

Relationship between task performance,
CJ, metacognitive accuracy, and clinical
metrics

All mental health and clinical symptoms metrics had medium-
strength correlations with one another (Figure 4). There were no
significant relationships between metacognitive accuracy and
symptoms of anxiety or depression, or the MDS-UPDRS scales. The
RBD group displayed a weak to medium inverse correlation between
depression, anxiety, the MDS-UPDRS I scale and their confidence in
their cognitive performance. The PD group displayed a weak to
medium inverse correlation between anxiety, MDS-UPDRS II scale
and their confidence in cognitive performance. In control participants
a weak to medium inverse correlation was only observed between
anxiety, depression and their confidence in cognitive performance, but
not either MDS-UPDRS scales. For the PD group additional
correlations were run with the MDS-UPDRS-III scale, but were
not significant.

Additional modeling of interaction effects
on metacognitive accuracy

Additional linear models were run to investigate interaction
effects of group membership with anxiety, depression and global
cognitive performance on global metacognitive accuracy. Those
revealed no significant main or interaction effects of group
classification, HADS anxiety and depression scores, or MDS-UPDRS
Iand II scores on metacognitive accuracy (Supplementary material—
Additional modeling). However, global cognitive performance had a
significant main effect on metacognitive accuracy [F(1, 145) =29.09,
p<0.001], though its interaction with group classification was
not significant.

Discussion

We identified no substantial difference in metacognitive accuracy
in PD and RBD patients compared to controls. There was an inverse

relationship  between global cognitive performance and

metacognitive accuracy, suggesting an increased positive bias

Global Cognitive Performance . Global C) Global Metacognitive Accuracy
F(2,148) = 5.84, p = 0.004 F(2, 149) = 10.20, p < 0.001 F(2,148) = 0.62, p = 0.538 S O
08 -~ 08 G 04 - PD
) ns 2 *% H = RBD
= s 5 03
S 06 * % o 06 * ok k 2
a 2 e 02
g 04 ns g o4 -
g § ns § 01
g 02 E 02 &
E & S oo
S o P
o >
L 00 g 00 g -01
s fé g 02
g -0.2 € -02 2
o S o
= -03
-04 -04
v v - v - T -04 T T v
CON PD RBD CON PD RBD CON PD RBD
FIGURE 2
Differences in composite cognitive performance, CJ and metacognitive accuracy. Error bars represent standard error of the mean. Results significance:
ns, not significant, * for p <0.05; ** for p <0.01; for p<0.001.
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FIGURE 3

for p<0.01; *#* for p<0.001.

Differences in HADS and MDS-UPDRS scales. Error bars represent standard error of the mean. Results significance: ns, not significant, * for p <0.05; **

associated with lower cognitive performance. Patients displayed
lower confidence in their performance in tasks where cognitive
deficits were noted relative to controls, but also additional domains
where performance was preserved. Moreover, there was a significant
inverse correlation between confidence and symptoms of depression
and anxiety, as well as motor and non-motor difficulties encountered
in daily living. This underscores the potential influence of emotional
and functional challenges on the self-evaluation of cognitive
capabilities in these patients. We contextualize these findings with
the literature below.

Across all groups, we observed a slight negative bias in domains
such as working memory and spatial planning, contrasted with a slight
positive bias in areas including motor control, reaction time, and
attention, as well as in word recognition, visuospatial processing,
semantic reasoning, and crystallized intelligence. The nature of the
task design and the manner in which feedback was being provided
could have influenced these results by affecting participants’ CJ (from
which standardized cognitive performance was subtracted). For
example, immediate negative feedback on tasks such as the working
memory tasks could have led to lower confidence, whereas tasks with
reward accumulation as in the case of attention tasks could have led
to higher confidence in performance. Performance in different
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cognitive domains might have also been regarded as more difficult
than in others. Additionally, the older age of participants might have
impacted their confidence in the cognitive performance more
generally and independently of task specific factors. However, the
biases in metacognitive accuracy were generally low. Calibrating a
model to infer absolute metacognitive accuracy was beyond the scope
of the study, and would require a large normative dataset.

We found a significant main effect of global cognitive performance
on metacognitive accuracy. Our data further indicated an inverse
correlation between these two variables, which was not group specific.
This observation aligns with existing literature (17), which posits that
patients with more advanced pathological conditions characterized by
worse cognitive performance might lack awareness of their state. This
also leads to the inference that significant deficits in metacognitive
accuracy may not manifest in the early stages of the condition.

We discerned no significant difference in metacognitive
accuracy of early to mid-stage PD and RBD patients compared to
controls. This observation, however, does not preclude the
emergence of substantial impairments at more advanced stages. Our
focus was on individuals with MoCA scores above 24, specifically
targeting those at or above the threshold for mild cognitive
impairment (30), thus excluding more pronounced cognitive
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All Participants
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deficits. Therefore the results highlight that in the early stages of
their condition, PD and RBD patients maintain a high level of
awareness regarding their cognitive status. Such awareness resonates
with patients’ expressed need for more research into cognitive
deficits (10), and aligns with findings suggesting preserved self-
awareness in PD (6). PD patients, in particular, often exhibit a keen
understanding of their pathology and symptom progression (31).
Therefore, the absence of detected metacognitive deficits in our
study is likely reflective of the actual state of cognitive self-awareness
in the early stages of these conditions rather than the methodology
not being powered to detect changes. Employing the same analytical
techniques and technology platform, previously revealed significant
metacognitive impairments in moderate to severe traumatic brain
injury patients (25).

Previously, we observed distinct cognitive profiles in PD and RBD
patients, with both groups exhibiting cognitive deficits in task
performance accuracy relative to the control population, yet PD patients
additionally faced challenges in reaction time related to motor speed
(24). In tasks where cognitive performance was lower than controls,
both PD and RBD groups displayed reduced confidence. In PD,
alignment was seen between confidence and performance in attention,
recognition memory, visuospatial abilities, executive function, and
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crystallized intelligence. However, these patients also exhibited low
confidence in language, working memory, and motor control. For RBD
patients, while there was alignment in recognition memory, crystallized
intelligence, and reaction time, they also showed decreased confidence
in working memory capacity and visuospatial processing.

Lower confidence in motor control tasks among PD patients
aligns with expectations given the prominent motor symptoms in PD,
even at early stages where these difficulties might not be as pronounced
(32). In RBD, the known progressive worsening of visuospatial
cognitive deficits (33) could account for the notably lower confidence,
possibly reflecting early patient awareness of their cognitive status,
even when deficits are not yet distinctly measurable at a group level.
Both patient groups displayed lower performance relative to the
control population and reduced confidence in immediate recognition
memory, and interestingly, poorer confidence in working memory
capacity, despite no evident differences relative to the control
population in this domain. This might suggest a sensitivity to task
types used in assessing specific memory nuances in these pathologies,
a factor noted to contribute to discrepant observations in memory
task performance, confidence, and metacognition in PD (34).
Galarneau (35) also highlights that self-ratings of memory in PD
might be unreliable and require contrasting with objective assessments
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for accuracy. Finally, both PD and RBD patients exhibited globally
lower confidence than controls.

Depression, anxiety, motor and non-motor difficulties of daily living
were found to be significantly correlated across groups. However,
correlations between these metrics with cognitive performance,
confidence in performance and metacognitive accuracy were
characterized by group specificity. Patients exhibited higher levels of
depression and anxiety symptoms than controls, alongside greater
difficulties in motor and non-motor aspects of daily life. This prevalence
of mental health challenges in PD patients is well-documented (36) and
similarly observed in RBD populations (37). Mental health variables and
functional issues were inversely correlated with global confidence in
cognitive performance for both groups. For PD a notable inverse
correlation was observed between anxiety, difficulties in motor aspects
of daily living, and confidence. However, this reduced confidence is less
likely a product of anxiety per se and more an indicator of the severity of
ongoing PD-specific symptoms. This is consistent with findings that PD
patients experiencing motor fluctuations often suffer from generalized
anxiety disorder more frequently than those without such fluctuations.
Furthermore, patients report that their anxiety symptoms do not always
align temporally with specific motor states, although when a correlation
exists, it is typically associated with ‘off” periods when they experience
more intense motor symptoms (38). For RBD patients anxiety,
depression, and non-motor aspects of daily living also show an inverse
correlation with confidence in cognitive performance. Notably, RBD is
associated with a poorer quality of life (39), despite being in a prodromal
phase of pathology. Taken together, our findings serve as evidence that
there is a significant level of awareness among these patients regarding
their symptoms and cognitive status during the early stages of
their condition.

While remote cognitive assessments may lack the control of
clinical settings, we advised participants to minimize distractions
during the assessment; yet strict adherence to this guidance could not
be consistently verified, potentially affecting outcome reliability.
However, our prior experience indicated a high level of participant
compliance with remote assessments on this platform, as demonstrated
in previous studies (25); (40). This was especially relevant for patients
from our established cohort, who were accustomed to research
protocols and thus more likely to adhere closely to them. Another
limitation was the temporal lag between the administration of the
HADS and MDS-UPDRS scales and the cognitive assessments, which
might have led to an evolution in patients’ symptoms of depression,
anxiety, and daily living difficulties over time.

Our findings indicate that the interplay between emotional state,
difficulties with daily activities, and confidence in cognitive performance
is pronounced in PD and RBD patients. This association necessitates
further investigation, particularly in terms of controlling for potential
confounding effects when measuring confidence and, implicitly,
metacognitive accuracy in these patient populations. Moreover,
examining PD patients with more advanced disease progression,
including those with mild cognitive impairment or more significant
deficits, could yield insightful data. Such an approach would allow
exploration into whether cognitive and metacognitive differences relative
to healthy individuals become more pronounced with the compounded
effects of aging and PD progression. Equally, a simultaneous study of PD
and RBD populations would be beneficial, to discern if patients initially
diagnosed with RBD experience more significant metacognitive changes
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as their pathology progresses compared to those with PD alone,
considering the known association of RBD with more severe cognitive
deficits upon progression to PD. Furthermore, exploring other
synucleinopathies in parallel (such as Lewy body dementia and multiple
systems atrophy) with the same methodology could yield additional
insights with respect to the preservation of metacognitive abilities across
diverse patient groups. The inclusion of CJ in cognitive studies is both
feasible and valuable, as they are not time-consuming and provide a
deeper understanding of patients’ self-perceived cognitive abilities. This
method could be pivotal in longitudinally tracking cognitive changes,
thereby contributing to a more comprehensive patient care approach and
a better understanding of disease trajectories in PD and RBD. Ultimately,
our study underscores the importance of holistic patient care that takes
into account patients’ awareness of their own condition and implicitly
their ability to self-report symptoms to clinicians, as well as their
psychoemotional states and how these correlate with their symptoms
and experiences of daily living.
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