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Abstract

Objective: REM sleep behavior disorder (RBD) affects 33-46% of patients with Parkinson’s
Disease (PD) and may be a risk factor for neuropsychological and functional deficits. However,
the role of RBD on neuropsychological functioning in PD has yet to be fully determined. We,
therefore, examined differences in neurocognitive performance, functional capacity, and
psychiatric symptoms among non-demented PD patients with probable RBD (PD/pRBD+) and
without (PD/pRBD-), and healthy comparison participants (HC).

Methods: 172 participants (58 PD/pRBD+; 65 PD/pRBD-; 49 HC) completed an RBD sleep
questionnaire, psychiatric/clinical questionnaires, performance-based and self-reported functional
capacity measures, and underwent a comprehensive neuropsychological battery assessing
attention/working memory, language, visuospatial function, verbal and visual learning and
memory, and executive function.

Results: Controlling for psychiatric symptom severity, the PD/pRBD+ group had poorer
executive functioning and learning performance than the PD/pRBD- group and poorer
neuropsychological functioning across all individual cognitive domains than the HCs. In contrast,
PD/pRBD- patients had significantly lower scores than HCs only in the language domain.
Moreover, PD/pRBD+ patients demonstrated significantly worse medication management skills
compared to HCs. Both PD groups reported greater depressive and anxiety severity compared to
HCs; PD/pRBD+ group also endorsed greater severity of apathy compared to HCs.
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Conclusions: The presence of pRBD is associated with worse neuropsychological functioning
in PD such that PD patients with pRBD have poorer cognitive, functional, and emotional outcomes
compared to HC participants and/or PD patients without pRBD. Our findings underscore the
importance of RBD assessment for improved detection and treatment of neuropsychological
deficits (e.g., targeted cognitive interventions).
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Although Parkinson’s disease (PD) is classified as a movement disorder (Postuma et al.,
2015), it frequently includes a broad range of cognitive (e.g., executive dysfunction),
emotional (e.g., depression), and somatic (e.g., sleep) non-motor symptoms. Non-motor
symptoms are often harbingers of the classic hypokinetic syndrome, and they confer severe
disability and are associated with increased mortality and decreased quality of life
(Chaudhuri, Healy, & Schapira, 2006; Poewe, 2008; Schapira, Chaudhuri, & Jenner, 2017).
Consequently, many researchers have begun focusing their efforts on the assessment and
treatment of non-motor symptoms. For example, mild cognitive impairment in PD has
received more attention as an outcome in recent years (e.g., Aarsland et al., 2017; Pedersen,
Larsen, Tysnes, & Alves, 2017; Riedel et al., 2008), as it has been shown to predict later
conversion to PD-dementia (Kehagia, Barker, & Robbins, 2010) and to be associated with
lower quality of life (Lawson et al., 2016; Schiehser et al., 2009). Much of the cognitive
literature in parkinsonian disorders has highlighted a profile characterized by poor attention
(Génier Marchand et al., 2018; Lawson et al., 2016) and dysexecutive performance (Chahine
et al., 2016; Dirnberger & Jahanshahi, 2013; Kudlicka, Clare, & Hindle, 2011; Zgaljardic,
Borod, Foldi, & Mattis, 2003; Zgaljardic et al., 2006), but the neuropsychological
impairments can be quite heterogeneous (Kehagia et al., 2010). Relatedly, performance-
based measures of functional abilities (i.e., medication and financial management) are
objective, ecologically valid lab-based assessments of daily living skills that have proven
utility in detecting functional deficits in those with PD-mild cognitive impairment (PD-MCI;
Pirogovsky-Turk et al., 2014)

Two other classes of impactful non-motor symptoms in PD are psychiatric and sleep
syndromes. Depression, anxiety, apathy, and visual hallucinations are all common in PD
(Aarsland, Marsh, & Schrag, 2009; den Brok et al., 2015; Zgaljardic et al., 2003) and are
often associated with cognitive deficits (Dissanayaka et al., 2017; Goldman et al., 2018; Hu
et al., 2014). Sleep is frequently disrupted (Tandberg, Larsen, & Karlsen, 1998) and poor
quality of sleep is related to reduced mental health (Borek, Kohn, & Friedman, 2006).
Although there are dozens of distinct sleep syndromes (Walker, 2017), rapid eye movement
(REM) sleep behavior disorder (RBD) is particularly relevant, as it is disproportionately
prevalent in PD, with estimates ranging from 33 to 47% (Gagnon et al., 2002; Rolinski et al.,
2014; Sixel-Déring, Trautmann, Mollenhauer, & Trenkwalder, 2011). RBD is a parasomnia,
characterized by a lack of muscle atonia during the REM sleep phase, resulting in unwanted
and occasionally violent motor behavior during dreams. RBD has been classified as an early
non-motor prodromal marker of both PD (Berg et al., 2015; Poewe, 2008) and Lewy body
dementia (LBD; Berg et al., 2014) — a disease with substantial neurobiological and
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phenotypic overlap with PD. Therefore, there is substantial clinical utility in the timely
detection of RBD in order to inform early intervention. Moreover, the RBD syndrome itself
(i.e., idiopathic RBD) is associated with cognitive deficits (Ferini—Strambi et al., 2004;
Marques et al., 2010), and it may account for a portion of the overall PD syndrome, as PD
patients with RBD (PD/RBD+) have an altered motor profile (Postuma, Gagnon, \endette,
Charland, & Montplaisir, 2008), different patterns of neural activity on EEG (Gagnon et al.,
2004), and a unique autonomic presentation (Postuma, Lang, Gagnon, Pelletier, &
Montplaisir, 2012) compared to PD patients without RBD (PD/RBD-), who can resemble
healthy comparison (HC) participants across these variables.

With respect to cognitive outcomes in PD, RBD is a risk factor for dementia (Anang et al.,
2014; Nomura, Inoue, Kagimura, & Nakashima, 2013; Postuma et al., 2019) and is
associated with a higher prevalence of MCI (Gagnon et al., 2009; Jozwiak et al., 2017;
Zhang et al., 2016). A number of studies have also examined overall cognitive performance
in PD/RBD+ and many (Chahine, Amara, & Videnovic, 2017; Gong et al., 2014; Jozwiak et
al., 2017; Marques et al., 2010; Rolinski et al., 2014; Sinforiani et al., 2006; Vendette et al.,
2007; Zhang et al., 2016), but not all (Bugalho & Paiva, 2011; Lavault et al., 2010;
Plomhause et al., 2013; Sixel-Déring, Trautmann, Mollenhauer, & Trenkwalder, 2014),
investigators have found that PD/RBD+ patients score lower on neuropsychological tests
than PD/RBD- patients. However, these studies include a variety of methodological
limitations including small sample sizes (e.g., Plomhause et al., 2013), the absence of a HC
group (e.g., Bugalho & Paiva, 2011), the lack of performance-based measures of functional
capacity (e.g., Zhang et al., 2016), and the use of screening instruments rather than full
neuropsychological batteries to assess cognition (e.g., (Lavault et al., 2010). Those
researchers that did assess multiple cognitive domains reported that PD/RBD+
underperformed relative to PD/RBD- patients in a variety of cognitive areas, most
predominantly in visuospatial/visuoconstructional skills (Jozwiak et al., 2017; Marques et
al., 2010; Vendette et al., 2007; Zhang et al., 2016), verbal learning (Erro et al., 2012;
Jozwiak et al., 2017; Vendette et al., 2007), delayed memory (Erro et al., 2012; Jozwiak et
al., 2017; Vendette et al., 2007; Zhang et al., 2016), and executive functions (Jozwiak et al.,
2017; Sinforiani et al., 2006; Vendette et al., 2007; Zhang et al., 2016). A final limitation of
the RBD/cognition literature in PD is that, although psychiatric comorbidities are related to
cognitive deficits, and RBD can be associated with higher levels of depression and anxiety
(Jozwiak et al., 2017; Rolinski et al., 2014; Sixel-Déring et al., 2011), no investigations to
our knowledge measured and controlled for important psychiatric symptoms such as apathy
when assessing RBD and cognition in PD.

We are only aware of two studies that have examined the relationship between RBD and
cognition in a large PD sample compared to a HC sample using a full neuropsychological
battery and measures of psychiatric functioning (Jozwiak et al., 2017; Zhang et al., 2016).
Zhang and colleagues (2016) recruited 32 PD/RBD+ patients, 42 PD RBD- patients, and 36
HC participants from hospitals affiliated with Soochow University in Suzhou, China. RBD
was diagnosed with the Mayo Sleep Questionnaire (Boeve et al., 2011) and the RBD
Screening Questionnaire (RBDSQ). PD/RBD+ performed worse than PD/RBD- and HCs,
and PD/RBD- performed worse than HC participants across a variety of cognitive tests
including on tests of attention, episodic memory, visuospatial abilities, and executive

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 October 14.



1duosnue Joyiny vA 1duosnue Joyiny vA

1duosnuen JIoyiny vA

Mahmood et al.

Method

Page 4

functions; depression and anxiety did not differ between the two PD groups. Importantly, the
authors did not administer any performance-based measures of functional capacity and did
not measure apathy, which is a common psychiatric correlate of PD (Oguru, Tachibana,
Toda, Okuda, & Oka, 2010). Jozwiak and colleagues (2017) reported on 53 PD/RBD+
patients, 40 PD/RBD- patients, and 69 HC participants recruited from Montreal General
Hospital and nearby medical centers. RBD was diagnosed with polysomnography. PD/RBD
+ performed worse on neuropsychological tests than PD/RBD- and a comparison group but,
contrary to expectations, PD/RBD~- did not differ cognitively from HC participants.
Moreover, the authors reported no differences between PD/RBD+ and PD/RBD- on sleep
quality, depression, and anxiety measures, and there were no significant associations
between cognitive performance and a) sleep quality, b) depression, and c) anxiety. Finally,
the study did not include performance-based tests of functional capacity and did not measure
apathy in their sample.

Overall, the literature on the association between RBD and cognition in PD includes a
variety of methodological limitations. Therefore, it is not surprising that findings are mixed
in PD and a consensus has not been reached on the a) cognitive profile and deficits
associated with RBD, b) influence of RBD on functional status, and c) potential influence of
important psychiatric comorbidities (such as apathy) on cognition in RBD. Therefore, the
purpose of the current study was to address these issues by analyzing data from a large,
well-characterized U.S. sample divided into three groups — PD/RBD+, PD/RBD-, and HC
participants. Although the role of RBD in LBD is also of interest (Berg et al., 2014), we
focused our efforts on nonmotor symptoms in PD.

All participants completed a comprehensive neuropsychological evaluation, including
performance-based tests of functional abilities, and we accounted for the potential mitigating
influence of psychiatric symptoms on cognition. Based on the literature reviewed above, we
aimed to examine the association between RBD symptomatology and cognitive, functional,
and psychiatric outcomes. Specifically, we hypothesized that 1) PD/RBD+ patients would
perform worse than PD/RBD- patients and HCs on tests of visuospatial/visuoconstructional
skills, learning and memory, and executive functions. We also hypothesized that 2) the
PD/RBD+ group would earn lower scores on performance-based measures of functional
status compared to the PD/RBD- and HC groups. Finally, we hypothesized that 3)
depression, anxiety, and apathy would be higher in the PD/RBD+ group compared to the
PD/RBD- and HC groups, but that the relationship between RBD and cognitive
performance and functional capacity would remain significant after controlling for
psychiatric symptoms.

Participants and Procedures

This retrospective investigation included 123 PD patients and 49 HC participants drawn
from a longitudinal parent study on cognition in PD (results to be published in a subsequent
paper). Study participants were recruited from the community and the Movement Disorders
Clinic at the University of California, San Diego (UCSD) and VA San Diego Healthcare
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System (VASDHS), between 2009 and 2017. Participants provided informed consent and the
study was approved by the local institutional review board.

PD patients were diagnosed by board-certified neurologists specializing in movement
disorders based on the United Kingdom Parkinson’s Disease Society Bank Criteria (Hughes,
Ben-Shlomo, Daniel, & Lees, 1992). PD patients were excluded from the larger study if: 1)
there were plausible secondary causes of PD, 2) they met criteria for dementia according to
DSM-IV-TR (see Emre et al., 2007), or 3) they received scores of <124 on the Mattis
Dementia Rating Scale (MDRS; Schmidt et al., 1994), as this cut-off score has been
specifically recommended for screening dementia in PD (Llebaria et al., 2008). No
participants for this present study were excluded based on this criterion. Furthermore, both
PD and HC participants were excluded in the presence of other neurodegenerative disorders,
a history of psychosis and/or untreated major depression, as well as history of treatment for
substance abuse. PD patients receiving dopaminergic therapy (n=118) during study
participation were tested while on medication; levodopa equivalent dosage (LED) is
presented in Table 1 (Tomlinson et al., 2010). Participants also self-reported any current
clonazepam or other benzodiazepine use. Motor symptoms were assessed using Part I11 of
the Unified Parkinson’s Disease Rating Scale (UPDRS; (Goetz et al., 2008) and a modified
version of the Hoehn and Yahr rating scale (Goetz et al., 2004) to denote the disease stage.
Moreover, PD-MCI status was also determined based on Level 1l criteria of the Movement
Disorder Society Task Force Guidelines (Litvan et al., 2012). Participants completed a
comprehensive neuropsychological test battery and additional neuropsychiatric and clinical
measures at baseline and 2-3 years later for follow-up. Baseline neuropsychological, clinical,
and functional assessments were used in the current analyses.

RBD—The REM Sleep Behavior Disorder Screening Questionnaire (RBDSQ); Stiasny-
Kolster et al., 2007) was used to assess self-reported presence and severity of RBD
symptoms in all participants and to classify participants into clinically probable RBD
—positive (PRBD+) and RBD-negative (DRBD-) groups, as detailed below. The RBDSQ has
demonstrated validity in PD (sensitivity = 0.842, specificity = 0.962; Nomura, Inoue,
Kagimura, Uemura, & Nakashima, 2011; Wang et al., 2015).

Cognition—All participants completed a comprehensive neuropsychological assessment
battery, which included measures commonly used for cognitive assessment of PD patients
(Pirogovsky-Turk et al., 2017). The battery measured cognition in the following domains:
attention/working memory, executive functioning, language, learning, memory, and
visuospatial functioning. All raw scores were converted to standardized T-scores using
published normative procedures and demographically corrected norms when available (see
Table 2 for list of measures by cognitive domains). A global T-score composite was also
created by averaging across all individual test scores.

Functional skills—The Medication Management Abilities Assessment (MMAA;
Patterson et al., 2002) was used as a performance-based assessment of participants’ capacity
to carry out a prescribed medication regimen. The UCSD Performance-Based Skills
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Assessment (UPSA,; Patterson, Goldman, McKibbin, Hughs, & Jeste, 2001) finance subtest
was used to measure performance-based functional capacity in the domain of financial
management. Caregivers of PD patients completed the Instrumental Activities of Daily
Living Scale (IADL; Lawton & Brody, 1969). Total scores were used for all functional skills
measures; higher scores reflect better performance and functioning.

Neuropsychiatric Symptoms

State Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983)
Trait and State total scores were used to measure anxiety (Barnes, Harp, & Jung, 2002).
Severity of depressive symptoms and apathy were measured using the total scores of the
Geriatric Depression Scale (GDS; Yesavage et al., 1982) and the Apathy Scale (Starkstein et
al., 1992), respectively. All measures have demonstrated reliability and validity in PD
(Dissanayaka et al., 2017; Leentjens et al., 2008ab). Higher scores on all neuropsychiatric
measures reflect higher symptomatology.

Statistical Analyses

PD patients were classified into pPRBD+ (n=58) and pRBD- (n=65) groups using an
established cut-off score of 6 on the RBDSQ (Nomura et al., 2011). Six HCs met criteria for
pRBD based on this cut-off and were excluded from the analyses. Thus, a final sample of
172 (n=49 HCs) participants were included. Given that item 6 on the RBDSQ directly
assesses the cardinal symptom of RBD (i.e., movements while dreaming), we examined the
utility of this item in predicting probable RBD status. Indeed, item 6 on the RBDSQ
pertaining to dream enactment behavior distinguished the PD groups; odds of a probable
RBD diagnosis increase by a factor of 4.71 given a positive response to item 6 (OR=4.714,
Wald z=15.82, df=1, p<0.001).

Independent samples t-test, univariate analyses of variance (ANOVA), nonparametric
Kruskal-Wallis one-way ANOVA (for non-normally distributed variables), and chi-square
analyses were conducted to examine differences in demographic and clinical characteristics
between groups. Partial correlations, with cognitive diagnosis as a covariate, demonstrated
comparable associations between pRBD status and individual cognitive domains to
correlations that did not include cognitive status as a covariate. Therefore, more
parsimonious models unadjusted for cognitive diagnosis are reported. We used univariate
analysis of covariance (ANCOVA) and multivariate ANCOVA (MANCOVA) to examine
differences between PD/pRBD+, PD/pRBD-, and HC participants on global neurocognitive
functioning and individual cognitive domains, controlling for the effects of psychiatric
symptom severity (i.e., simultaneously covarying for scores on the GDS, Apathy Scale, and
trait anxiety component of the STAI; note, given the strong association between state and
trait anxiety total scores, we only chose to covary for trait anxiety). Of note, we also
performed univariate analysis of covariance (ANCOVA) to compare groups on psychiatric
and clinical variables given the significant differences in sex distribution between the PD
and HC groups. However, analyses with and without sex as a covariate did not differ; thus,
the results from analyses without sex as a covariate are reported. Tukey’s HSD or Bonferroni
adjusted alpha levels were used to evaluate statistical significance of pair-wise comparisons
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within each familywise comparison across groups, (i.e., cognition, functional capacity, and
psychiatric symptom severity.)

Results

Demographic and clinical comparison

The PD/pRBD+, RD/pRBD-, and HC groups did not significantly differ in age, education,
MCI status, and race/ethnicity (ps>.10). There were significant differences, however, in sex
distribution (y22)=11.75, p=.003), with a significantly greater proportion of women in the
HC group compared to both PD groups. There were significant differences between the
groups on the RBDSQ (A2, 169)=242.43, p<.001, 13 = .74), with both PD/pRBD+ and PD/
pRBD- groups reporting greater RBD symptoms compared to the HC group, and the PD/
pRBD+ group also reporting greater RBD symptoms compared to the PD/pRBD- group.
None of the participants in the study reported any current use of clonazepam and there were
no group differences in self-reported antidepressant use.

Within the PD group, there was no difference between RBD groups in duration of PD (¢
(121)=-.96, p=.340), motor symptoms, as assessed by Part 111 of UPDRS (#(117)=1.02,
p=.308), the modified Hoehn and Yahr rating scale (#(116)=.36, p=.720), and levodopa
equivalent dosage (#(118)= -1.46, p=.147). Of note, there were also no significant
differences between PD RBD groups in their medication status (on vs. off) while completing
the UPDRS (y2(1)=.024, p=.878). Table 2 shows the demographic comparison between the
groups and descriptive statistics for significant outcomes of interest.

PD and RBD effects on neuropsychiatric symptoms
State anxiety (A2, 165)=13.46, p<.001, n,% = .14), trait anxiety (A2, 165)=12.43, p<.001,
r/% =.13), and depression severity (A2, 167)=14.09, p<.001, ;112, = .14) differed significantly
between PD patients and HCs. Tukey’s post-hoc analyses indicated that the PD/pRBD+ and
PD/pRBD- groups reported greater current depression and anxiety compared to the HCs.
Similarly, there were significant differences between the groups on their scores on the
apathy scale (A2, 169)=4.25, p=.016, '71% =.05), with Tukey’s post-hoc comparison
indicating that the PD/pRBD+ group endorsed greater severity of symptoms of apathy as

compared to the HCs. No significant differences were found between the PD/pRBD+ and
PD/pRBD- groups on psychiatric outcomes.

PD and RBD effects on neuropsychological performance

A 3-group ANOVA, controlling for psychiatric symptom severity (depression, trait anxiety,
apathy), demonstrated a significant difference between the groups on global neurocognitive
performance (A2, 160)=10.73, p<001, n}, =.12; see Table 3 for statistics). Post-hoc analyses
using Bonferroni adjustments for multiple comparisons demonstrated that PD/pRBD+
patients exhibited poorer global neurocognitive functioning compared to the PD/pRBD-
patients (0=.017) and HCs (p<.001). MANCOVA demonstrated significant differences
among the groups on individual cognitive domains (AH12, 310)=2.30, p=.008, A=.84,

n = .08), with effects across domains as follows: attention/working memory (A2,
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160)=7.46, p=.001, 15 = .09), executive functioning (A2, 160)=5.19, p=.007, n; = .06),
language (A2, 160)=6.67, p=.002, 1} = .08), learning (A2, 160)=7.82, p=.001, 1} = .09),
memory (A2, 160)=7.28, p=.001, ;7% =.08), and visuospatial functioning (A2, 160)=4.10,
p=.018, ;1,% = .05; see Figure 1). Specifically, Bonferroni-adjusted post-hoc analyses

demonstrated that the PD/pRBD+ group had poorer executive functioning and learning
performance compared to the PD/pRBD- group (ps<.05). Moreover, PD/pRBD+ patients
had poorer neuropsychological functioning, generalized across all individual cognitive
domains, as compared to HCs (ps<.03); while the PD/pRBD- patients had significantly
lower scores compared to the HCs only in the language domain (p=.018), and marginally
significantly lower scores compared to the HCs in attention/working memory (p=.05).
Although not statistically significant, the PD/pRBD+ group had marginally significantly
lower visuospatial functioning score compared to the PD/pRBD- group (p=.066). No other
significant differences in cognitive performance were found.

PD and RBD effects on functional capacity

Nonparametric Kruskal-Wallis one-way ANOVA demonstrated no statistically significant
group differences on performance-based functional capacity, as measured by the UPSA-
Financial subscale (H(2)=2.18, p=.336). However, there were significant group differences
on MMAA (H(2)=6.24, p=.044), such that the PD/pRBD+ group demonstrated significantly
poorer performance as compared to the HCs using Bonferroni correction (p=.038). No other
significant group differences in financial functional capacity were found. A 2-group
ANCOVA, controlling for psychiatric symptom severity, demonstrated no significant
difference on IADL scores between PD/pRBD+ and PD/pRBD- patients A1, 100)=2.66,

=11, 43 = .03).

Discussion

The primary objective of the current study was to characterize PD patients
neuropsychologically based upon the presence or absence of RBD by examining differences
in cognitive performance, psychiatric symptoms, and functional capacity between PD
patients with and without probable RBD as well as compared to HCs. Our results indicated
that the presence of RBD is associated with poorer neuropsychological functioning in PD.
Specifically, pPRBD in PD is associated with greater severity of apathy, worse cognition
across all domains, and poorer functional capacity compared to healthy adults. Moreover,
individuals with PD and pRBD demonstrated worse overall cognition, executive functioning,
and learning compared to PD patients without RBD. Importantly, our study examined the
unique variance in cognitive functioning accounted for by pRBD by controlling for
psychiatric symptom severity; this suggests that the association between self-reported
symptoms of RBD and cognition cannot be explained by symptoms of depression, anxiety,
or apathy.

The current findings indicated that the presence of pRBD is not only associated with the
severity of neurocognitive symptoms, but also the neuropsychological profile. In this non-
demented sample, PD patients without pRBD performed similarly to HC participants, with
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the exception of worse performance in the language domain. However, in those non-
demented PD patients with pRBD, a striking pattern of worse performances emerged across
multiple domains, including executive functioning and verbal learning. Moreover, compared
to PD patients without pRBD, PD/pRBD+ patients had poorer global neurocognitive
functioning, with poorer performance on executive functioning and learning domains driving
this relationship. Of note, PD/pRBD+ participants’ lowest cognitive performance was
evidenced within the domain of attention and working memory. Differences in cognitive
performance between the PD groups may partly be explained by the PD/RBD+ group
evidencing their lowest scores within the domain of attention/working memory, which is
known to subserve performance across higher-order functions such as executive functioning
and learning. Moreover, previous studies have identified a profile characterized by poor
attention in parkinsonian disorders as an important early cognitive feature of patients with
RBD who later develop MCI and dementia (Génier Marchand et al., 2018). Together, these
results support our hypothesis of a unique cross-sectional association between pRBD and
worse cognitive performance in non-demented PD patients, although the direction of this
relationship remains unclear. These findings are consistent with previous studies associating
RBD in PD with poorer verbal learning (Erro et al., 2012; Jozwiak et al., 2017; Vendette et
al., 2007) and executive functioning (Jozwiak et al., 2017; Sinforiani et al., 2006; Vendette et
al., 2007; Zhang et al., 2016) compared to HCs and/or PD patients without RBD, as well as
imaging studies implicating abnormalities in frontal and temporal regions and
microstructural pathways subserving these cognitive functions (Ansari, Rahmani,
Dolatshahi, Pooyan, & Aarabi, 2017; Ford et al., 2013; Lim et al., 2016).

Though the presence of pRBD in PD was associated with lower scores across multiple
cognitive domains in the current study, the average performance of the PD/pRBD+ group
across these domains was not impaired. Furthermore, prevalence of PD-MCI was similar
across the pRBD groups, which is inconsistent with previous studies (Gagnon et al., 2009;
Jozwiak et al., 2017; Zhang et al., 2016). Compared to participants in these previous studies,
participants within the current study endorsed higher levels of education (=16 years on
average), which may partially explain these findings. Similarly, average neuropsychiatric
symptom severity scores do not indicate clinically elevated levels of depression or apathy
within the PD groups.

With respect to functional skills, significant differences in performance-based medication
management abilities were revealed between the PD/pRBD+ and HCs, but not between PD/
pRBD- and HCs. These findings suggest that there is a subgroup of non-demented
individuals with PD — those with pRBD — with suboptimal functional medication
management skills. This is important given that suboptimal medication adherence has been
noted extensively in PD literature and linked to negative prognoses (Grosset, Bone, &
Grosset, 2005; Kulkarni et al., 2008; Leopold, Polansky, & Hurka, 2004). Given that
cognitive impairment is associated with medication adherence in PD (Daley, Myint, Gray, &
Deane, 2012), findings from the current study highlight the clinical and scientific importance
of evaluating PD patients for RBD to identify those at greatest risk for both cognitive and
functional deficits related to medication management.
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Regarding financial functional skills, results did not support the hypothesis that the PD/
pRBD+ group would perform worse than the PD/pRBD- group. It may be that RBD
mediated cognitive deficits in PD are not severe enough to have a measurable impact on
overlearned behaviors such handling routine financial transactions (e.g., counting change,
writing checks). Alternatively, it is possible that RBD affects financial skills in PD, but our
functional assessment was not sensitive enough to detect this effect. Future research that
focuses on RBD in relation to additional performance-based measures of functional capacity
may yield important information.

Overall, the limited differences between the non-demented PD patients without pRBD and
healthy adults across the majority of study outcomes are consistent with prior studies
suggesting the presence of pRBD in individuals with PD as an indicator of a more severe
subtype and greater risk for poorer outcomes (Fereshtehnejad et al., 2015). In a future paper,
we will report on a longitudinal investigation examining the enduring effects of these pRBD-
related outcomes in PD. The difference in language functioning between the PD groups,
regardless of pRBD status, and HCs, however, suggests that performance in this domain is
linked to non-RBD pathology in PD.

There are certain limitations of the current study that need to be considered. The study
utilized convenience sampling and participants were primarily White and highly educated,
thereby limiting the generalizability of the findings. There was greater representation of
women in the HC group as compared to the PD groups; however, this is consistent with the
well-documented gender difference noted within the PD literature (Van Den Eeden et al.,
2003). Polysomnography was not used to confirm a definitive diagnosis of RBD and
determination of probable RBD was not verified by a bed partner; however, the RBDSQ
cutoff score used to identify RBD+ patients (=6) has been shown to have high sensitivity and
specificity in studies validating the measure in PD patients (Nomura et al., 2011; Wang et
al., 2015). Our results add to the evidence base supporting the utility of the RBDSQ as a
practical and unobtrusive alternative to polysomnography and reports from informants—
who may have limited availability or knowledge of the patient’s sleep behaviors—in
assessing RBD in PD patients. Although Zhang and colleagues (2016) also utilized the
RBDSQ to classify their sample, they applied a different cutoff score (7) than the established
cutoff of 6 (Nomura, Inoue, Kagimura, Uemura, & Nakashima, 2011) utilized in our study.
Moreover Zhang et al. (2016) did not adjust for multiple comparisons, which may partially
explain any inconsistencies between the two studies.

Despite these limitations, our findings suggest that PD/pRBD+ patients have a more
impaired cognitive profile than PD/pRBD- patients and healthy adults and evidence poorer
functioning compared to healthy adults. Specifically, compared to PD patients without
pRBD, PD/pRBD+ patients have greater levels of cognitive impairment specific to learning
and executive functioning. These findings underscore the importance of RBD assessment for
improved detection and treatment of neuropsychological impairment. Recognition of the
association between RBD and cognition, as well as adopting targeted interventions (e.g.,
cognitive training), could positively influence cognition, functional status, and mood in PD.
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Figure 1.
PD/RBD status effects on neurocognitive performance.
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