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Dream Content Predicts Motor and
Cognitive Decline in Parkinson’s Disease
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ABSTRACT: Background: Dream content alterations in Parkinson’s disease (PD) are associated with motor and
cognitive dysfunction cross-sectionally. Although recent studies suggest abnormal dream content in PD might
also predict cognitive decline, the relationship between dream content and motor decline in PD remains
unknown.

Objective: To investigate whether abnormal dream content in PD predicts both motor and cognitive decline.
Methods: Data were obtained from the Parkinson’s Progression Markers Initiative cohort study. Patients were
evaluated at baseline and at the 60-month follow-up, with validated clinical scales, including the REM Sleep
Behavior Disorder Screening Questionnaire (RBDSQ), Montreal Cognitive Assessment (MoCA), and the
Movement Disorder Society-Unified Parkinson’s Disease Rating Scale Part Il (MDS-UPDRS lIl). Patients were
dichotomized using RBDSQ item 2, which inquires whether they frequently experience aggression in their
dreams. Regression analyses were used to assess whether frequent aggressive dreams at baseline predicted
longitudinal changes in MDS-UPDRS Ill and MoCA scores as well as progression to Hoehn and Yahr stage

3 (H&Y > 3) and cognitive impairment.

Results: Of the patients, 58/224 (25.9%) reported frequent aggressive dreams at baseline. Aggressive dreams
predicted a faster increase in MDS-UPDRS Il scores (B = 4.64; P = 0.007) and a faster decrease in MoCA
scores (B = —1.49; P = 0.001). Furthermore, they conferred a 6-fold and 2-fold risk for progressing to H&Y > 3
(odds ratio [OR] = 5.82; P = 0.005) and cognitive impairment (OR, 2.35; P = 0.023) within 60 months. These
associations remained robust when adjusting for potential confounders.

Conclusions: This study demonstrates for the first time that frequent aggressive dreams in newly diagnosed PD
may independently predict early motor and cognitive decline.

Distressing dreams and nightmares are common, but underreported,
nonmotor symptoms of Parkinson’s disease (PD)."™ They have usu-
ally been linked with rapid eye movement (REM) sleep behavior
disorder (RBD)>* or the introduction of dopaminergic therapy®;
however, they can also occur independently.® As many as 18% of
patients with nondemented PD experience nightmares sufficiently
frequent to be considered a clinical disorder.” In PD dementia
(PDD), this can be as high as 78%.° Furthermore, unlike the pres-
ence of RBD, which becomes more prevalent in patients with PD
over time,” the prevalence of nightmares and distressing dreams in
PD does not change significantly from baseline.” This raises the pos-
sibility that altered dreaming in early PD could predict future cogni-
tive decline.

Although early reports had speculated that dream alterations
might represent the harbinger of dementia in PD,' only recently
has this been investigated in a systematic fashion. One recent
cross-sectional study found that altered dream content in PD, in
particular, an increased frequency of physical aggression and ani-
mal characters, is associated with lower scores on tests of frontal
lobe functions.® Furthermore, distressing dreams in PD have
been shown to correlate with lower scores on measures of global
cognitive function.'!

A total of 2 studies have evaluated the relationship between
dream content and cognitive function in PD in a longitudinal

12,13

rather than cross-sectional design. The first found intense,

vivid, and frightening dreams in PD to independently predict a
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faster rate of decline in Mini Mental State Examination scores and
an increased risk of dementia at the 2-year follow-up.’? A more
recent study using systematically collected verbal dream reports
found an increased frequency of negative emotions, but not animal
characters or aggression, to predict a faster rate of decline in Mon-
treal Cognitive Assessment (MoCA) scores, this time at the 4-year
follow-up."> However, these findings should still be considered pre-
liminary given that both studies were limited by small sample sizes.

It has further been suggested that altered dream content in PD
is associated with an increased severity of motor symptoms.
Patients with more advanced PD, as indicated by higher Hoehn
and Yahr (H&Y) stages, have a greater proportion of physical
aggression and animal characters in their dreams'* as well as more
frequent nightmares.’> However, it has yet to be investigated
whether dream content alterations can predict subsequent motor
progression in PD longitudinally.

The aim of the present study is to investigate whether dream
content alterations at baseline can predict both motor and cognitive
decline in a large cohort of patients with newly diagnosed, nonde-
mented, and drug-naive PD followed up for a period of 5 years.

Methods
Study Design

Data used in this study came from the Parkinson’s Progression
Marker Initiative (PPMI) database. PPMI is a multicenter, interna-
tional, longitudinal cohort study that enrolled 423 participants with
PD and 196 healthy controls at baseline and conducted repeated clin-
ical assessments at yearly follow-up visits for 5 years. Further study
aims, methodology, and details of the included study assessments have
been published elsewhere'® and are available on the PPMI website
(https://www.ppmi-info.org/about-ppmi/study-goals/).

Participants

Inclusion criteria for the PD cohort included a diagnosis of PD
for 2 years or less at screening, abnormal dopamine transporter
imaging, not treated for PD, and no dementia as determined by
the site investigator. For the present study, only data for partici-
pants who had complete 5-year follow-up data for continuous
and categorical outcome variables as well as relevant covariates
(described in ’Other Assessments’) were included. In addition,
patients had to be either H&Y stage 1 or 2 at baseline.

Demographics and Clinical
Assessments
Demographics

Demographic details including age, sex, years of education, age
at diagnosis, and disease duration (based on self-reported first
symptom onset) were collected at screening.
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Dream Assessment

All patients completed the REM Sleep Behavior Disorder
Screening Questionnaire (RBDSQ) at baseline.!” The RBDSQ
comprises 10 questions exploring the patient’s sleep behavior and
dream phenomenology. The total score has a maximum of
13 points. Only binary responses (yes/no) were possible. For this
study, item 2 of the RBDSQ, “My dreams frequently have an
aggressive or action-packed content,” was used to define aggres-
sive dream content. Because vivid dreams have previously been
associated with PD,! the responses for item 1,“T sometimes have
very vivid dreams,” were extracted as an additional predictor var-
iable. A history of dream enactment behaviors (DEBs) was iden-
tified by a positive response to 1 or more RBDSQ item probing
DEBs (items 3, 6.1, 6.2, and 6.3).18’19 This subscore has been
shown to correspond more closely with polysomnography-
confirmed RBD in PD compared with standard RBDSQ cut-oft

18
scores.

Cognitive Assessments

The rate of cognitive decline was defined using change in
MoCA scores, a scale for global cognitive function validated for
use in PD, from baseline (t;) to the 5-year follow-up (ti).
Change in MoCA scores were determined for each patient using
the following calculation: score at t; — score at t.

Cognitive impairment was defined as scores on 2 or more
neuropsychological tests below 1.5 standard deviations of normal,
as per previous studies with the PPMI cohort,” and consistent
with the Movement Disorders Society (MDS) level I criteria for
diagnosing PDD and PD with mild cognitive impairment
(MCI).>" The following standardized neuropsychological instru-
ments testing multiple cognitive domains were used: Symbol
Digit Modalities Test (attention), Letter-Number Sequencing
Test (working memory), Semantic Fluency Test (verbal fluency),
Hopkins Verbal Learning Test-Revised (verbal episodic memory),
and Benton Judgment of Line Orientation Test (visuospatial

ability).

Motor Assessments

The rate of motor progression was defined using changes in Part
III of the Movement Disorders Society—Unified Parkinson’s Dis-
ease Rating Scale (MDS-UPDRS III) from baseline (to) to the
5-year follow-up (t;). The MDS-UPDRS III comprehensively
assesses the various motor symptoms of PD such as bradykinesia,
tremor, and rigidity. Change in MDS-UPDRS III total scores
were determined for each patient using the following calculation:
score at t; — score at to,

Motor deterioration was defined as change from H&Y stage
1 or 2 (mild PD) to H&Y > 3 (moderate—severe PD). All motor
assessments were performed in the off treatment state. H&Y stage
3 was chosen as this stage has previously been considered a rele-
vant progression point in PD?? as it signifies the development of
postural instability, reduced quality of life, higher MDS-UPDRS
111 scores, and increased risk of mortality.*
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Other Assessments

Because nightmares in PD and healthy adults have been shown
to associate with mood disorders, excessive daytime sleepiness,
and autonomic dysfunction,”?* data for these symptoms at
baseline were also collected, using the following validated scales:
Geriatric  Depression Scale 15-item (GDS-15), Spielberger’s
State—Trait Anxiety Inventory (STAI), Epworth Sleepiness Scale
(ESS), and Scales for Outcomes in Parkinson’s Disease—
Autonomic (SCOPA-AUT).

Statistical Analysis

Baseline and follow-up data were compared between patients
with and without frequent aggressive dreams using independent-
samples f-tests, Mann—Whitney U tests, or Wilcoxon tests for
normally and nonnormally distributed continuous variables as
appropriate (Shapiro—Wilk test for normality). Chi-square tests
were used for categorical variables.

Univariate linear and logistic regression analyses were used to
test the relationship between dream features (aggressive dream
content, dream vividness, and DEBs) and (1) continuous depen-
dent variables (absolute change in MDS-UPDRS III and MoCA
scores) and (i) categorical dependent variables (progression to
H&Y 2 3 and development of cognitive impairment). Regression
analyses were then repeated in adjusted multivariate models with
age, sex, education, disease duration, and baseline MDS-UPDRS
III as covariates.

A number of sensitivity analyses were subsequently performed
to exclude alternative explanations, including repeating analyses
for aggressive dream content after (1) further adjusting for MCI
at baseline, (2) further adjusting for nonmotor symptoms that
predicted motor and cognitive outcomes in univariate analyses,
and (3) including a history of DEBs as an additional covariate.

A P value <0.05 was considered to be statistically significant.
All statistical analyses were performed using SPSS version 26
(IBM Corp., Armonk, NY).

Results

Baseline Demographic and
Clinical Characteristics

A total of 224/423 patients with PD in the original PPMI cohort
were included in this analysis; 197 patients were excluded due to
having less than 5 years of follow-up (n = 108) or having
incomplete year 5 outcome data (n = 89). In addition, 2 patients
were excluded as they were H&Y stage 3 at baseline.

Of the final sample, 58/224 (25.9%) had frequent aggressive
dreams at baseline. Baseline demographic and clinical characteris-
tics of patients with (n = 58) and without (n = 166) aggressive
dreams are presented in Table 1. The groups did not significantly
differ at baseline for demographics, motor impairment, or cogni-
tive function; however, patients with aggressive dreams had more

severe autonomic symptoms, more frequently reported DEB:s,
and more often described their dreams as vivid. The symptom
profile at follow-up comparing patients with and without aggres-
sive dreams at baseline is presented in Table 2.

Cognitive Decline

At follow-up, the mean MoCA score for the overall group
had decreased by 0.39 points from baseline (26.64 vs. 27.03).
Patients with aggressive dreams had a mean MoCA score
decrease 33 times greater than patients without aggressive
dreams (—1.40 vs. —0.04; P = 0.014). Furthermore, the
decline in MoCA scores for patients with aggressive dreams
was significantly reduced (25.5 vs. 26.9; P = 0.010), whereas
the decline for patients without aggressive dreams was not
(27.04 vs. 27.08; P = 0.65).

A total of 43 patients (19.2%) at follow-up had cognitive
impairment compared with 32 (14.3%) with MCI at baseline.
Patients with aggressive dreams were nearly twice as likely to
have cognitive impairment at follow-up compared with patients
without aggressive dreams (29.3% vs. 15.7%; P = 0.023). With
regard to affected cognitive domains, patients with frequent
aggressive dreams at baseline performed significantly worse on
tests of attention and working memory at follow-up when com-
pared with patients without aggressive dreams (see Table 2).

In univariate linear analysis, there was a significant association
between dream content and MoCA change (f = —1.35;
P = 0.003) and between DEBs and MoCA change (p = —1.04;
P =0.009) (Table 3). However, there was no association
between dream vividness and MoCA change (P = 0.18). In the
adjusted model for dream content, the association with MoCA
change remained significant ( = —1.49; 95% confidence inter-
val [CI], —0.61 to —2.38; P = 0.001). In the adjusted model for
DEBs, the association with MoCA change also remained signifi-
cant (B = —1.03; 95% CI, —0.25 to —1.82; P = 0.010),
although the effect size was smaller and of less significance than
for dream content.

In univariate logistic analysis, there was a significant positive
association between cognitive impairment and both dream con-
tent (odds ratio [OR], 2.23; P = 0.025) and DEBs (OR, 2.04;
P = 0.050). However, there was no association between dream
vividness (P = 0.97) and cognitive impairment. In the adjusted
model for dream content, the association with cognitive impair-
ment remained significant (OR, 2.35; 95% CI, 1.12—4.91;
P = 0.023) (Table 4). However, DEBs no longer predicted cog-
nitive impairment in the respective adjusted model (P = 0.069).

Motor Decline

At follow-up, the mean MDS-UPDRS III score for the overall
group had increased by 12.1 points from baseline (31.2 vs. 19.1).
The MDS-UPDRS I scores of patients with PD with
(36.0 vs. 21.6; P <0.001) and without aggressive dreams
(29.6 vs. 18.3; P < 0.001) had significantly increased from base-
line. However, patients with aggressive dreams had a mean
MDS-UPDRS III change on average 27% greater than patients
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TABLE 1 Baseline demographics and clinical characteristics

PD with aggressive

PD without aggressive

Characteristic dreams, n = 58 dreams, n = 166 Statistic P
Age, years 60.5 (10.3) 60.5 (9.6) U= 4705 0.80
Male sex, n (%) 39 (67.2) 111 (66.9) x* = 0.003 0.96
Education, years 15.9 (2.8) 15.5 (2.9) U = 4432 0.36
Disease duration, years 2.1 (1.5) 1.9 (1.5) U = 4411 0.36
Age at diagnosis, years 59.9 (10.3) 59.9 (9.6) U = 4720 0.8
Hoehn and Yahr stage, n (%) x> =251 0.11
1 28 (48.3) 100 (60.2)
2 30 (51.7) 66 (38.8)

MDS-UPDRS III total score 21.6 (8.8) 18.3 (7.4) U = 3717 0.01
DEBs, n (%) 46 (79.3) 80 (48.2) x° =16.91 <0.001
Vivid dreams, n (%) 56 (96.6) 80 (48.2) ¥’ = 42.14 <0.001
ESS score 6.3 (3.4) 5.2 (3.0) U = 3881 0.03
SCOPA-AUT score 12.4 (7.9) 8.6 (5.4) U = 3235 <0.001
MCI, n (%) 11 (19) 21 (12.7) x* = 1.40 0.24
MoCA score 26.9 (2.5) 27.1 (2.2) U = 4603 0.61
SFT score 48.8 (12.4) 49.6 (10.9) t=0.44 0.66
SDMT score 39.9 9.3) 43.7 (10.0) U = 3875 0.03
LNS score 10.2 (2.1) 10.8 (2.6) U = 4078 0.08
HVLT-R, total recall 24.2 (4.8) 24.9 (5.0) t=1.0 0.32
HVLT-R, recognition 11.3 (1.0) 11.2 (1.1) U = 4648 0.41
JoLO score 12.5 (2.6) 13.1 (2.0) U = 4334 0.25
GDS-15 score 2.9 (2.6) 2.0 (2.1) U = 3936 0.04
STAI total score 68.0 (17.9) 63.7 (16.9) U= 4118 0.10

Bold indicates characteristics that significantly differed between PD groups at baseline after correcting for multiple comparisons (Bonferroni). Values are presented as mean
(standard deviation) except for male sex, Hoehn and Yahr stage, DEBs, vivid dreams, and MCI. For MDS UPDRS-III, ESS, SCOPA-AUT, GDS-15, and STAI, higher
scores represent more severe symptoms. For MoCA, SFT, SDMT, LNS, HVLT-R, and JoLO, lower scores represent worse cognitive function.

Abbreviations: PD, Parkinson’s disease; MDS-UPDRS III, Movement Disorder Society—Unified Parkinson’s Disease Rating Scale Part III; DEBs, dream enactment behav-
iors; ESS, Epworth Sleepiness Scale; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease—Autonomic; MCI, mild cognitive impairment; MoCA, Montreal Cogni-
tive Assessment; SFT, Semantic Fluency Test; SDMT, Symbol Digit Modalities Test; LNS, Letter-Number Sequencing Test; HVLT-R, Hopkins Verbal Learning Test
Revised; JoLO, Benton Judgment of Line Orientation Test; GDS, Geriatric Depression Scale 15-item; STAI, Spielberger’s State—Trait Anxiety Inventory.

without aggressive dreams, although this did not reach signifi-
cance (14.4 vs. 11.3; P = 0.13).

At follow-up, 14 patients (6.3%) had progressed to H&Y > 3.
Patients with PD with aggressive dreams were more than 5 times
more likely than patients without aggressive dreams to have
progressed to H&Y > 3 (15.5% vs. 3.0%; P = 0.001).

In univariate linear analyses, no association was found
between MDS-UPDRS III change and dream content
(P =0.075), DEBs (P = 0.88), or dream vividness (P = 0.63).
However, in the respective adjusted linear models, the associa-
tion between dream content and MDS-UPDRS III change
became significant (B = 4.64; 95% CI, 1.27-8.02; P = 0.007)
(Table 5), whereas the associations for DEBs (P = 0.74) and

dream vividness (P = 0.42) remained nonsignificant.
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In univariate logistic analysis, there was a significant positive
association between dream content and progression to H&Y >3
(OR, 5.91; P =0.002). However, there was no association
found between DEBs (P = 0.25) or dream vividness (P = 0.40)
and progression to H&Y > 3. In the adjusted model for dream
content, the association with progression to H&Y > 3 remained
significant (OR, 5.82; 95% CI, 1.70-19.94; P = 0.005) (Table 6).
However, DEBs (P = 0.53) and dream vividness (P = 0.38)

remained nonsignificant in their respective adjusted models.

Sensitivity Analyses

When further adjusting for MCI at baseline, the association
between aggressive dream content and all motor and cognitive
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TABLE 2 Follow-up clinical characteristics

PD with aggressive

PD without aggressive

Characteristic dreams, n = 58 dreams, n = 166 Statistic P
Hoehn and Yahr stage ¥’ =13.77 0.003

1 2 (3.4) 18 (10.8)

2 47 (81.0) 143 (86.1)

3 8 (13.8) 4 (2.4)

4 0 (0) 0 (0)

5 1(1.7) 1 (0.6)
MDS-UPDRS III total score 36.0 (12.2) 29.6 (12.1) U = 3217 <0.001
DEBs, n (%) 47 (81.0) 96 (57.8) x* = 10.02 0.002
Vivid dreams, n (%) 49 (84.5) 87 (52.4) x® = 18.54 <0.001
ESS score 9.5 (5.3) 6.8 (4.0) U = 3278 <0.001
SCOPA-AUT score 17.3 (9.5) 12.3 (7.0) U =3171 <0.001
MCI or PDD, n (%) 17 (29.3) 26 (15.7) x> =5.16 0.02
MoCA score 25.5 (3.9) 27.0 (2.9) U = 3706 0.008
SFT score 46.7 (13.5) 49.3 (13.3) t=1.26 0.21
SDMT score 34.5 (12.9) 42.6 (10.8) U = 3111 <0.001
LNS score 10.2 (2.8) 10.6 (2.6) U = 3227 <0.001
HVLT-R, total recall 23.1 (6.2) 24.9 (6.3) U = 4120 0.10
HVLT-R, recognition 11.0 (1.8) 11.2 (1.8) U = 479%4 0.96
JoLO score 11.8 (3.0) 12.6 (2.0) U= 4242 0.17
GDS-15 score 3.4 (2.8) 2.4 (2.6) U = 3591 0.003
STAI total score 69.6 (17.2) 62.2 (17.9) U = 3438 0.001

Bold indicates characteristics that significantly differed between PD groups at follow-up after correcting for multiple comparisons (Bonferroni). Values are presented as
mean (standard deviation) except for Hoehn and Yahr stage, DEBs, vivid dreams, and MCI or PDD.
For MDS-UPDRS III, ESS, SCOPA-AUT, GDS-15, and STAI, higher scores represent more severe symptoms. For MoCA, SFT, SDMT, LNS, HVLT-R, and JoLO,

lower scores represent worse cognitive function.

Abbreviations: PD, Parkinson’s disease; MDS-UPDRS III, Movement Disorder Society—Unified Parkinson’s Disease Rating Scale Part III; DEBs, dream enactment behav-
iors; ESS, Epworth Sleepiness Scale; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease—Autonomic; MCI, mild cognitive impairment; PDD, Parkinson’s disease
dementia; MoCA, Montreal Cognitive Assessment; SFT, Semantic Fluency Test; SDMT, Symbol Digit Modalities Test; LNS, Letter-Number Sequencing Test;
HVLT-R, Hopkins Verbal Learning Test Revised; JoLO, Benton Judgment of Line Orientation Test; GDS-15, Geriatric Depression Scale 15-item; STAI, Spielberger’s

State—Trait Anxiety Inventory.

outcomes remained significant (P’s < 0.05). When further adjusting
for anxiety, depression, daytime sleepiness, and autonomic symp-
toms at baseline, the association between aggressive dream content
and change in MoCA scores, change in MDS-UPDRS III scores,
and progression to H&Y >3 remained significant (P’s < 0.05).
However, the association between aggressive dream content and
the development of cognitive impairment was reduced to a trend
toward significance (P = 0.069). Finally, when including both
aggressive dream content and DEBs as covariates, the association
between aggressive dream content and MoCA change, MDS-
UPDRS III change, and progression to H&Y 2 3 again remained
significant (P’s < 0.05). However, the association with cognitive
impairment was once more reduced to a trend toward significance

(P = 0.070).

Discussion

In this prospective study using the PPMI cohort, it is demonstrated
for the first time that subjectively reported dream content alterations
in newly diagnosed PD may independently predict motor decline. It
was found that patients with frequent aggressive dreams at baseline
were more than five times more likely (adjusted OR, 5.82) to have
progressed to H&Y 2 3 within 5 years. This widens the findings of
previous studies that identified a cross-sectional association between
aggressive dream content and higher H&Y stages in PD."* In addi-
tion, this study has shown for the first time that altered dream content
in PD is associated with a faster increase in MDS-UPDRS TII scores.
The results also confirm findings from smaller studies that
showed dream content alterations in PD could represent
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TABLE 3 Predictors of MoCA change

Univariate model Multivariate model

Variable t B SE P t 1] SE p
Age —3.14 —0.06 0.02 0.002 -3.19 —0.07 0.02 0.002
Male sex 1.77 0.75 0.42 0.079 1.32 0.54 0.41 0.19
Education 0.87 0.06 0.07 0.39 1.25 0.09 0.07 0.21
Disease duration 0.65 0.09 0.14 0.52 0.51 0.07 0.13 0.61
MDS-UPDRS III —0.06 —0.001 0.03 0.95 1.01 0.03 0.03 0.31
Aggressive dreams -3.02 —-1.35 0.45 0.003 —-3.34 —1.49 0.45 0.001
Vivid dreams —-1.35 —0.55 0.41 0.18 = = = =
DEBs —2.62 —1.04 0.40 0.009 = = = =
GDS-15 —1.88 —0.17 0.09 0.06 = = = =
STAI —2.13 —0.03 0.01 0.03 - - - -
ESS —1.03 —0.07 0.06 0.30 = = = =
SCOPA-AUT —4.40 —0.13 0.03 <0.001 = = = =

Values in bold denote significant predictors of MoCA change in univariate and adjusted multivariate models in the primary analysis.

Abbreviations: MoCA, Montreal Cognitive Assessment; SE, standard error; MDS-UPDRS III, Movement Disorder Society—Unified Parkinson’s Disease Rating Scale Part
I1I; DEBs, dream enactment behaviors; GDS-15, Geriatric Depression Scale 15-item; STAI, Spielberger’s State—Trait Anxiety Inventory; ESS, Epworth Sleepiness Scale;
SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease—Autonomic.

TABLE 4  Predictors of cognitive impairment

Univariate model Multivariate model
Variable OR SE P OR SE P
Age 1.02 0.02 0.42 1.00 0.02 0.64
Male sex 0.47 0.41 0.064 0.48 0.42 0.079
Education 0.95 0.06 0.39 0.94 0.06 0.30
Disease duration 0.84 0.14 0.22 0.83 0.14 0.18
MDS-UPDRS III 1.02 0.02 0.38 1.02 0.02 0.50
Aggressive dreams 2.23 0.36 0.025 2.35 0.38 0.023
Vivid dreams 0.99 0.35 0.97 — — -
DEBs 2.04 0.36 0.050 = = =
GDS-15 1.16 0.07 0.03 = = =
STAI 1.03 0.10 0.002 - - -
ESS 1.13 0.05 0.03 = = =
SCOPA-AUT 1.05 0.03 0.052 - - -

Values in bold denote significant predictors of cognitive impairment in univariate and adjusted multivariate models in the primary analysis.

Abbreviations: OR, odds ratio; SE, standard error; MDS-UPDRS III, Movement Disorder Society—Unified Parkinson’s Disease Rating Scale Part IIT; DEBs, dream enact-
ment behaviors; GDS-15, Geriatric Depression Scale 15-item; STAI, Spielberger’s State—Trait Anxiety Inventory; ESS, Epworth Sleepiness Scale; SCOPA-AUT, Scales
for Outcomes in Parkinson’s Disease—Autonomic.

independent predictors of cognitive decline.'®'® In the present baseline (P = 0.001). Notably, the minor decline in MoCA
study, the decline in MoCA scores was 33 times greater in scores in the group without aggressive dreams was not statistically
patients with PD who reported frequent aggressive dreams at significant.
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TABLE 5  Predictors of MDS-UPDRS 1II change

Univariate model

Multivariate model

Variable t i) SE P t 1] SE P

Age 1.44 0.11 0.08 0.15 2.26 0.18 0.08 0.03
Male sex —1.84 —3.02 1.64 0.067 —1.59 —2.52 1.58 0.11
Education —0.97 —0.26 0.27 0.33 —1.03 —0.27 0.26 0.30
Disease duration —0.50 —0.03 0.53 0.96 0.67 —0.34 0.51 0.50
MDS-UPDRS III —3.61 —0.34 0.10 0.001 —4.45 —0.44 0.10 <0.001
Aggressive dreams 1.78 3.15 1.76 0.075 2.71 4.64 1.71 0.007
Vivid dreams 0.49 0.77 1.59 0.63 = = = =
DEBs —0.16 —0.25 1.57 0.88 = = = =
GDS-15 1.18 0.40 0.34 0.24 = = = =
STAI —0.08 —0.004 0.05 0.94 = = = =
ESS —0.65 —0.16 0.25 0.52 = = = =
SCOPA-AUT 0.68 0.08 0.12 0.50 = = = =

Values in bold denote significant predictors of MDS-UPDRS III change in univariate and adjusted multivariate models in the primary analysis.
Abbreviations: MDS-UPDRS III, Movement Disorder Society—Unified Parkinson’s Disease Rating Scale Part III; SE, standard error; DEBs, dream enactment behaviors;
GDS-15, Geriatric Depression Scale 15-item; STAI, Spielberger’s State—Trait Anxiety Inventory; ESS, Epworth Sleepiness Scale; SCOPA-AUT, Scales for Outcomes in

Parkinson’s Disease—Autonomic.

TABLE 6  Predictors of progression to Hoehn and Yahr stage > 3

Univariate model

Multivariate model

Variable OR SE P OR SE r
Age 1.06 0.03 0.077 1.07 0.04 0.07
Male sex 1.57 0.56 0.43 2.56 0.64 0.14
Education 1.06 0.10 0.56 0.98 0.11 0.83
Disease duration 1.08 0.17 0.66 0.98 0.20 0.93
MDS-UPDRS III 1.10 0.03 0.003 1.08 0.03 0.02
Aggressive dreams 5.91 0.58 0.002 5.82 0.63 0.005
Vivid dreams 1.67 0.61 0.40 — — —
DEBs 2.03 0.61 0.25 = = =
GDS-15 1.21 0.10 0.04 - - —
STAI 1.02 0.02 0.17 = = =
ESS 1.12 0.08 0.18 = = =
SCOPA-AUT 1.08 0.04 0.04 - - -

Values in bold denote significant predictors of motor deterioration in univariate and adjusted multivariate models in the primary analysis.
Abbreviations: OR, odds ratio; SE, standard error; MDS-UPDRS III, Movement Disorder Society—Unified Parkinson’s Disease Rating Scale Part III; DEBs, dream enact-
ment behaviors; GDS-15, Geriatric Depression Scale 15-item; STAI, Spielberger’s State—Trait Anxiety Inventory; ESS, Epworth Sleepiness Scale; SCOPA-AUT, Scales

for Outcomes in Parkinson’s Disease—Autonomic.

In an earlier study, in only 23 patients,” negative emotions in
patients’ dreams predicted a faster rate of MoCA decline, whereas
aggression in dreams did not. Although aggression instigated by
the dreamer—as opposed to aggression directed toward the

dreamer—had the largest effect size in the aforementioned study,

the p-value nevertheless failed to reach statistical significance
(P = 0.084). However, in the present study, it was found that
aggressive dream content even predicted the development of
cognitive impairment using standardized neuropsychological tests
(adjusted OR, 2.35).
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FIG. 1. The dark blue (36.5%) and light blue (12.2%) bars represent the percentage of patients with PD with and without a positive history
for dream enactment behaviors (DEBs) at baseline reporting frequent aggressive dreams. *P < 0.001, ° test.

It was also found that patients with PD with frequent aggres-
sive dreams had significantly worse performance on tests of atten-
tion and working memory at follow-up (Table 2) despite the
2 groups being similar at baseline (Table 1). However, there
were no between group differences at either baseline or follow-
up with respect to other cognitive domains. As such, these results
are consistent with previous cross-sectional findings, linking
aggressive dream content in early PD to frontal dysfunction.®

Although the majority of previous studies have found that
RBD (both probable and polysomnography-confirmed) in PD

26-28

predicts cognitive decline, there have, however, been recent

12.2930 Nonetheless, given that it is well

conflicting findings.
established that RBD is associated with worse cognition in PD
cross-sectionally and that idiopathic RBD is associated with the
subsequent development of dementia and parkinsonism, we
would therefore expect an association between RBD and cogni-
tive and/or motor decline in PD to be genuine. Nevertheless, in
the present study, no association was found between DEBs and
rate of change in MDS-UPDRS III scores or with progression to
H&Y > 3. However, an association was found between DEBs
and MoCA decline and between DEBs and progression to cog-
nitive impairment, as expected, although these effects were
smaller and less significant than for aggressive dream content.
However, after controlling for potential confounders in the mul-
tivariate analysis, DEBs no longer predicted cognitive impair-
ment. Furthermore, when the analyses were repeated after
including both aggressive dream content and DEBs as covariates,
DEBs were no longer significant predictors of MoCA decline
(data not shown). In contrast, when aggressive dream content
and DEBs were included as covariates, the associations between
dream content and both motor and cognitive outcomes
remained robust.

As such, this study suggests that RBD, a condition for which

recurrent DEBs are the defining clinical feature,®® may not
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independently increase the risk for cognitive or motor decline in
PD. Interestingly, although not all patients with RBD report
exclusively aggressive dreams,* aggression in dreams is neverthe-
less more common in PD with RBD than in PD without
RBD>*"—as this study further confirmed (Fig. 1). Therefore,
these results may indicate that the relationship between RBD
and cognitive decline in PD is mediated by dream content alter-
ations. Consistent with this hypothesis, a recent study in PD
found negative dream content, but not polysomnography-
confirmed RBD, to predict a faster decline in MoCA scores in a
multivariable analysis.'?

Less than 3% of older adults report weekly nightmares.>
However, in PD and PDD, this increases to 18% and 78%,
respectively.”® In dementia with Lewy bodies, this is even higher
at 83%.% In the current study, 25.9% of this exclusively nonde-
mented PD cohort reported frequent aggressive dreams at base-
line. Previous studies have confirmed that the elevated rate of
aggression in dreams of patients with PD cannot be explained by
increased daytime aggressiveness or heightened testosterone
levels.*** Although intriguingly, a recent neuroimaging study
identified structural alterations in the frontal lobe (right superior
frontal gyrus and right anterior cingulate) to be correlated with
the frequency of distressing dreams in PD.>

The severity of nightmares in PD has also previously been

23
In

shown to correlate with the severity of mood disturbances.
the present study, it was found that patients with PD with fre-
quent aggressive dreams at baseline were both more depressed
and more anxious, with this difference becoming even more
pronounced at follow-up (Table 2). Given the brain regions
implicated in neurobiological studies of distressing dreams in
PD, > overlap with the brain regions known to be involved in
the downregulation of negative emotions,” it is possible that
severe frontal dysfunction in a subgroup of patients with PD

leads to a reduced ability to downregulate negative emotions
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across both conscious states. This would explain the dysphoric,
negatively toned, and aggressive dream content as well as day-
time mood disturbances and would be consistent with the
neurocognitive model of nightmares.*®

The rate of PD progression in the initial years after diagnosis is
highly variable.®® In recent years, it has been proposed that there
are at least 3 subtypes of PD* characterized by differing rates of
neuropathologic progression.*” This would explain why some
patients have a more rapid and diffuse progression than others. In
line with this, several studies have aimed to predict motor and
cognitive progression in PD using complex machine-learning
algorithms*! or clinical and nonclinical tests that can cumula-
tively take hours to administer*? or may be invasive. Despite
these efforts, few variables have been shown to be strong predic-
tors of motor or cognitive decline in PD, and even fewer have
been shown to predict both.*'™*

The current study suggests that in patients with early PD, a
simple screening question from the diagnosing clinician at the
initial visit, asking about their nightly dream experiences, could
identify patients at substantially higher risk for motor and cogni-
tive deterioration in the near future. Furthermore, dream content
alterations are easily recognized by the patient, unlike RBD, in
which half of the affected patients are unaware of their DEBs.*
As such, inquiring about dream content changes would be par-
ticularly advantageous for the purposes of clinical practice and
research.

The main limitation of this study is the absence of poly-
somnography to confirm RBD. As such, the possibility that some
of the patients with frequent aggressive dreams, but without a
history of DEBs, did still have a mild form of RBD— detectable
only via video-polysomnography, cannot be definitively ruled
out. However, given that a clinical history for DEBs is usually
required to diagnose RBD (alongside REM Sleep Without
Atonia [RSWA]) according to the International Classification of
Sleep Disorders*® and that RSWA without coexisting DEBs pre-

30,46 -
™ it therefore

dicts neither cognitive nor motor decline in PD,
seems unlikely that the inclusion of polysomnography would
have meaningfully changed the results. In any case, the RBDSQ
subscore corresponding to DEBs used in this study has previously
been shown to have a high sensitivity (0.93) for detecting
polysomnography-confirmed RSWA.'® Another limitation of
this study is that many patients from the baseline cohort did not
have complete data at follow-up. As such, there remains a possi-
bility that loss to follow-up was nonrandom, with patients hav-
ing frequent aggressive dreams but milder disease progression
being less likely to be followed up. However, there are no a
priori reasons to believe that this would be likely.

The strengths of this study include its prospective nature, large
sample size, longer follow-up relative to previous studies, the
availability of neuropsychological tests to determine cognitive
impairment, and the fact that all patients were early stage and
unmedicated at baseline. Furthermore, this study is the first mul-
ticenter investigation on the predictive value of dream content in
PD. The inclusion of several sensitivity analyses made it possible
to confirm that the difference in trajectories between patients

with and without aggressive dreams could not be explained by
confounding baseline variables and were independent of a history
of DEBs. Future studies will need to confirm the neuroanatomi-
cal basis of altered dream content in PD, which may also help to
inform pharmacological treatment strategies. In addition, subse-
quent studies should use more detailed questionnaires that have
been designed specifically for assessing dream content®’ to deter-
mine whether other changes besides increased aggression might
also predict progression in PD.

In conclusion, this study has shown for the first time that fre-
quent aggressive dreams in newly diagnosed PD may indepen-
dently predict motor decline. Furthermore, this study has
confirmed, in the largest cohort to date, that abnormal dream
content in PD independently predicts cognitive decline. If repli-
cated in independent cohorts, these findings could have signifi-
cant value for the routine clinical evaluation of patients with
PD. In addition, these findings could have important value for
researchers by identifying a succinct questionnaire item that
could be used in screening large PD cohorts. Finally, given that
distressing dreams usually precede the onset of PD motor symp-
toms by more than a decade,* this study suggests that a simple
questionnaire item on dream content could even have potential
for identifying prodromal PD in the general population.
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