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Abstract

Psychosis in Parkinson’s disease (PD) is common and associated with a range of negative
outcomes. Dementia and psychosis are highly correlated in PD, but the frequency and correlates of
psychosis in patients without cognitive impairment are not well understood. One hundred and
ninety-one non-demented PD patients at two movement disorders centers participated in a study of
neuropsychiatric complications in PD and completed a detailed neurological and neuropsychiatric
assessment, including the rater-administered Parkinson Psychosis Rating Scale for hallucinations,
delusions, and minor symptoms of psychosis (illusions and misidentification of persons).
Psychotic symptoms were present in 21.5% of the sample. Visual hallucinations were most
common (13.6%), followed by auditory hallucinations (6.8%), illusions or misidentification of
people (7.3%), and paranoid ideation (4.7%). Visual hallucinations and illusions or
misidentification of people were the most common comorbid symptoms (3.1%). Depression (P=
0.01) and rapid eye movement behavior disorder symptoms (P = 0.03) were associated with
psychosis in a multivariable model. The odds of experiencing psychotic symptoms were
approximately five times higher in patients with comorbid disorders of depression and sleep-
wakefulness. Even in patients without global cognitive impairment, psychosis in PD is common
and most highly correlated with other non-motor symptoms. Screening for psychosis should occur
at all stages of PD as part of a broad non-motor assessment. In addition, these findings suggest a
common neural substrate for disturbances of perception, mood, sleep-wakefulness, and incipient
cognitive decline in PD.
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Numerous psychiatric and other non-motor complications are common in Parkinson’s
disease (PD). In cross-sectional studies, the most prevalent and well-studied disorders in
specialty care settings are depression (20%—40%), dementia (20%-30%), and psychosis
(15%-30%),1-3 but the cumulative prevalence of these disorders is much higher.# In a recent
study, up to 60% of community-based PD patients experienced delusions or hallucinations
over the course of approximately a decade.®

In addition to being highly prevalent, psychosis in PD (PD-P; i.e., hallucinations, delusions,
or minor symptoms [e.g., sense of presence, visual illusions, or passage hallucinations]®) is a
challenging clinical problem because it has been found to increase caregiver stress and is the
main risk factor for nursing home placement.’” Regarding risk factors, PD-P has generally
been linked to PD medications since the introduction of levodopa in the mid-1960s.8
However, recent research has suggested that the etiology of PD-P is complex. Though many
studies have examined the effect of dopamine replacement therapy on PD-P, a small number
have examined other potential correlates of psychosis, such as dementia, comorbid
psychiatric illness, and sleep disorders.”

More specifically, there are limited studies examining the frequency and correlates of PD-P
in non-demented patients. A recent study® did examine “thought disorders,” defined by vivid
dreams, hallucinations, delusions, and/or psychosis based on a single Unified Parkinson’s
Disease Rating Scale (UPDRS) item, in non-demented patients. The study found that
thought disorders were associated with increasing PD duration, depressive and
dysautonomic symptoms, and lower Mini—Mental State Examinationl® (MMSE) scores.
However, psychosis was not evaluated using a specific psychosis instrument, and the cut-off
score used to characterize patients as non-demented was low, likely leading to inclusion of
patients with significant cognitive impairment in the study sample. In another recent study!
of hallucinations in non-demented patients, in a multivariate model, neuropsychiatric
symptoms were associated with the presence of psychosis, but this study examined only
hallucinations and used a global measure (i.e., the Neuropsychiatric Inventory?) to assess
neuropsychiatric symptoms.

Because psychosis is a risk factor for the development of PD demential3 and mortality,4
recognition of psychosis before the onset of significant cognitive impairment would help
identify patients at increased risk of subsequent cognitive decline. In addition, identification
of other clinical and demographic factors associated with PD-P might allow for the
development of a patient risk profile for psychosis, facilitating the identification of
psychosis at an early stage and identifying patients who may have a supra-additive risk for
subsequent cognitive decline.

The main aims of this study were (1) to examine the frequency of PD-P in patients without
dementia and (2) to determine the clinical and demographic factors independently associated
with psychosis in this PD subgroup.

Patients and Methods

Subjects

The study population was drawn from a larger group of 242 subjects with complete data
who were established patients with a diagnosis of PD1® at the Parkinson’s Disease Centers at
the University of Pennsylvania (Philadelphia, Pennsylvania, USA) or the Philadelphia
Veterans Affairs Medical Center (VAMC; Philadelphia, Pennsylvania, USA). Participants
were evaluated as part of a study of the frequency and correlates of psychiatric and cognitive
disorders in PD. A non-demented group of 191 subjects was defined by having an MMSE
score 228, including 5 (2.6%) who were taking an antipsychotic. An MMSE cut-off score
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<28 has been shown to have 100% sensitivity and 100% negative predictive value for a
diagnosis of PD dementia, 16 so a study population only including an MMSE score >28
should not include any patients with dementia. For consistency and to avoid underestimates,
the 5 patients taking an antipsychotic were included in the psychosis cohort, although 1 of
the 5 patients did not endorse current psychosis at the time of evaluation. The final non-
demented study population consisted of 191 outpatients (N = 155 at the University of
Pennsylvania; N = 36 at the Philadelphia VAMC). The typical study participant was an older
white male (Table 1).

The institutional review boards at the University of Pennsylvania and the Philadelphia
VAMC approved the study, and written informed consent was obtained before study
participation. A trained research assistant administered the psychiatric and
neuropsychological instruments and conducted a chart review. When available, collateral
information about the presence of psychotic symptoms was obtained from an informed
other(s). Neurological assessments were completed by movement disorder neurologists,
nurses with expertise in PD, or a geriatric psychiatrist (D.W.) with training in the
administration of neurological assessments.

Demographic and Clinical Characteristics—As part of the screening process, patients
provided the following information: age, sex, race, marital status, years of formal education,
duration of PD, and current PD medications. Levodopa dosage was recorded as levodopa
equivalent daily dosages (LEDDs).1’

Neurological—Severity of PD was assessed with the UPDRS!® motor section (UPDRS
part I11; range = 0-108, with higher scores indicating greater motor impairment). Severity of
disease was also measured based on the duration of illness and the Hoehn and Yahr (H & Y)
scale (range = 0-5, with higher range indicating more severe disease).1° For between-group
comparisons, the median Hoehn and Yahr score was used instead of mean because of non-
normality of the data.

Psychiatric—Current (i.e., past week) psychosis was assessed with a modified20
Parkinson’s Psychosis Rating Scale (PPRS),2! originally a six-item clinician-administered
questionnaire (range = 6—24, with higher scores indicating greater severity of psychosis) that
fulfills criteria as a suggested scale for rating PD psychosis.22 Only the three PPRS items
covering “visual hallucinations,” “illusions and misidentification of persons,” and “paranoid
ideation” (i.e., persecutory and/or jealous type of delusional thinking) were considered as
symptoms of psychosis, because the items for “sleep disturbance,” “confusion,” and “sexual
preoccupation” are not clearly symptoms of psychosis and are more likely the result of
comorbid dementia, delirium, or impulse control disorder. In addition, an item for auditory
hallucinations was added, creating a modified four-item instrument with a range from 4 to
16 (with higher scores indicating greater severity of psychosis).2% For the aims of this study,
a subject was considered to be experiencing psychosis if any of these four items was
endorsed. Therefore, we included symptoms typically considered to be “minor” symptoms
of psychosis, consistent with recent research.®

Depression was assessed with the 30-item Inventory for Depressive Symptomatology
(IDS),23 a rater-administered depression rating scale (range = 0-84, with higher scores
indicating greater severity of depression). An IDS cutoff of =14, which has demonstrated
good sensitivity and specificity for a Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revisior?* diagnosis of depression,2> was used to indicate the presence
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of clinically significant depression. Anxiety was measured using the Spielberger State
Anxiety Inventory26 (SAI; range = 20-80, with higher scores indicating greater anxiety
severity).

Sleep disorder symptoms were assessed with a modified Parkinson’s Disease Sleep Scale
(PDSS),2” with the visual analog scale converted to a 4-point Likert scale (a range from 0 to
3 for each item, with higher score representing increasing severity of symptom). The two
items for rapid eye movement sleep behavior disorder (RBD) and distressing dreams or
nightmares were summed to calculate the severity of RBD symptoms (range, 0-6, with
higher scores indicating greater severity of sleep symptoms). Excessive daytime sleepiness
(EDS) was assessed with the Epworth Sleepiness Scale (ESS)?8 (range = 0-24, with higher
scores indicating greater daytime sleepiness). Apathy was measured with the Apathy Scale2®
(AS; scores, 0-42, with higher scores indicating greater apathy severity).

Cognitive Assessment—Global cognitive abilities were assessed with the MMSE
(scores, 0-30, with lower scores indicating increasing severity of cognitive impairment).10

Statistical Analysis

Results

All analyses were conducted using the PASW Statistics (version 20.0) software.30 Bivariate
comparisons between psychotic and nonpsychatic subjects were made using a two-sample ¢
test (for continuous variables), the chi-square test (for categorical variables), or a
nonparametric test. Variables associated with psychosis at 2 value <0.10 on bivariate
analysis were included in multivariate analyses using logistic regression models, with only a
single variable entered at a time for variables demonstrating multicollinearity (i.e.,
correlation >0.6). Given that Hoehn and Yahr stage and UPDRS motor score are both
measures of disease severity, only one was entered into a given model. Odds ratios (ORS)
and 95% confidence intervals (Cls) are reported for logistic regression models. A Pvalue
<0.05 was considered to be significant for all analyses.

Subject Characteristics

A total of 191 non-demented subjects were included in the sample. Mean participant age
was 63.1 years, and 71.7% were male (Table 1). Average duration of PD was 6.4 years, with
a median Hoehn and Yahr stage of 2.0.

Psychotic symptoms were present in 21.5% of the sample. Specifically, visual hallucinations
were most common (13.6%), followed by auditory hallucinations (6.8%) and illusions or
misidentification of people (7.3%). Paranoid ideation was the least common symptom
(4.7%). Of those with two psychotic symptoms, visual hallucinations and illusions or
misidentification of people co-occurred most commonly (3.1%). Visual and auditory
hallucinations occurred together in 1.6% of the subjects. Of those experiencing three
psychotic symptoms, visual hallucinations, auditory hallucinations, and illusions or
misidentification of people co-occurred most commonly (1.1%).

Mean IDS score was 18.5 and mean SAI score was 39.2, suggesting mild depressive and
anxiety symptoms, on average. Mean RBD score was only 1.0, but RBD symptoms of some
intensity were present in approximately 50.0% of patients. Mean ESS score was 9.9, which
is at the cutoff for clinically significant EDS symptoms. Mean apathy score was 11.7,
indicating mild severity of apathy overall. Correlations were high between depression and
anxiety (Pearson’s r = 0.79), anxiety and apathy (Pearson’s r = 0.62), and depression and
apathy (Pearson’s r = 0.61).
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Mean (standard deviation [SD]; range) MMSE score was 29.2 (0.8; 28-30), suggesting
intact global cognitive abilities on average, to be expected given that we restricted the
sample to patients with MMSE scores >28.

Variables Associated With Psychosis on Bivariate Analysis

Increasing Hoehn and Yahr score (£ = 0.05), duration of disease (P = 0.005), and UPDRS
motor score (P = 0.03) were all associated with occurrence of psychosis (Table 2). For PD
medications, there was a trend effect for levodopa LEDD (£ = 0.06), but no association with
dopamine agonist treatment.

Regarding non-motor symptoms, increasing severity of depression (P < 0.001), anxiety (P<
0.001), RBD symptoms (= 0.002), daytime sleepiness (= 0.001), and apathy (£ = 0.008)
were all correlated with psychosis. Lower MMSE score had a trend effect with psychosis,
but was not statistically significant (= 0.09).

Independent Predictors of Psychosis

Based on the variables found to be associated with psychosis on bivariate analysis and
entering single variables when a pair of variables demonstrated multicollinearity (i.e.,
depression overlapped with anxiety and apathy), we performed multivariable logistic
regression analyses (with presence of psychosis as the dependent variable) that included
duration of disease, Hoehn and Yahr stage, levodopa LEDD, IDS score, RBD score, ESS
score, and MMSE score as independent variables.

In the multivariable model (Wald’s chi-square = 49.23; df = 1; £< 0.001), IDS score (P=
0.01), and RBD score (P =0.03) were associated with psychosis (Table 3). Higher Hoehn
and Yahr stage (P = 0.06) and ESS score (P = 0.07) demonstrated a trend association with
psychosis. SAI score was also found to be associated with psychosis (OR, 1.04; 95% ClI:
1.01-1.07; P=0.02) when substituted for IDS in the model.

Effect of Comorbid Affective and Sleep-Wakefulness Disorders

Given the significant findings and reported overlap between depression and disorders of
sleep-wakefulness in PD, we created a new variable for patients with both a depressive
disorder and a disorder of sleep-wakefulness (i.e., for the latter, either any positive RBD
score or an ESS score =10). Entering this variable into a logistic regression model with the
same covariates demonstrated that patients with this combination of neuropsychiatric
symptoms had nearly five times greater odds of experiencing psychosis (OR = 4.6; 95% CI:
2.05-10.30; A< 0.001).

Discussion

Although there is extensive literature on the frequency and correlates of psychosis in PD, the
unique aspects of this study were a relatively large sample size, the focus on non-demented
patients defined by a high cut-off score on the MMSE, the use of a psychosis rating scale,
and the inclusion of detailed assessments for a range of other non-motor symptoms. Because
cognitive impairment and dementia is a strong correlate of psychosis in PD, our aim was to
better determine the frequency and predictors of psychosis in patients without significant
impairment, a subgroup of PD patients in whom psychosis might be both over-looked and
have a different etiology.

The etiology of psychosis in PD appears to be complex. Models for the pathogenesis of
psychosis in PD include both cortical and subcortical involvement and roles for multiple
neurotransmitters (e.g., dopamine, serotonin, and acetylcholine), genetics, visual-processing
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abnormalities, PD medications, sleep-wake cycle dysregulation, and cognitive
impairment.>:31-33 Not surprisingly, given our high MMSE cut-off score, global cognition
was not associated with psychosis in our sample. Instead, we found that four common non-
motor symptoms (i.e., depression, anxiety, RBD symptoms, and apathy, with a trend for
daytime sleepiness) were associated with psychosis, even in multivariable models. One
recent study in early PD patients34 reported mixed findings for the association between
psychosis and depression, psychosis, and RBD symptoms, and neuropsychiatric symptoms
in multivariable analyses were not associated with the development of psychosis.

Our research suggests that hallucinations are common in non-demented PD patients,
affecting approximately 20%-25% of patients, which is different than recent research that
utilized less sensitive and specific psychosis measures® or only studied early-stage
patients.34 In addition, we found that age and PD medications were not associated with
psychosis in non-demented patients, which suggest different risk factors for psychosis when
patients with dementia are excluded. Rather, a range of non-motor symptoms seem to be the
most significant correlate of psychosis in this group. By combining these variables, we
found that those patients with both depression and a disorder of sleep-wakefulness had a
significantly higher chance of being diagnosed with comorbid psychosis (OR = 4.6).

These findings in non-demented patients suggest a common neural substrate for psychosis,
affective symptoms, and sleep-wakefulness disorders in PD at a stage of the illness where
the pathology is predominantly in the brainstem, midbrain, basal forebrain, and dorsal
striatum.3° Overlapping with the purported neural substrate of psychosis, mild cognitive
deficits are relatively common in early PD and such cognitive deficits are associated with
striatal dysfunction, midbrain cholinergic deficits, and, possibly, brainstem noradrenergic
deficits.38 Depression and anxiety symptoms in PD are common early in the course of PD,
at times occurring even before the onset of motor symptoms, and are associated with
midbrain monoaminergic changes.37:38 Finally, disorders of sleep-wakefulness are
associated with psychosis3® and are linked with brainstem deficit in neurodegenerative
diseases. 4041

Several limitations are worth noting. First, our findings are not applicable to the more
general PD population, because the sample was predominantly elderly white males receiving
specialized care. Second, our study was not a longitudinal study, so we cannot determine
true risk factors for the development of psychosis. Third, the use of the MMSE as the global
cognitive measure means that some patients likely had mild cognitive deficits in spite of
normal MMSE scores. Finally, we did not have data available for all variables reported to be
associated with psychosis in PD (e.g., measures of visual processing).

Conclusion

In summary, we found that psychosis is still relatively common in non-demented PD
patients, with a range of non-motor symptoms most strongly associated with its occurrence.
Comorbid psychiatric and other non-motor symptoms may herald the earliest stage of more
serious psychiatric symptoms and cognitive decline in PD,*2 and future longitudinal studies
examining predictors of long-term cognitive decline in this population should include a
detailed assessment of a range of psychiatric and other non-motor symptoms.
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TABLE 1

Demographic and clinical characteristics (N =191)

Variable

Mean (SD) or Percentage

Demographics
Age, years
Sex, % male
Race, % white
Education, years
Parkinson’s Disease

PD duration, years
Hoehn and Yahr, median?

UPDRS motor score?

Deep brain stimulation, % yes
Medications

Levodopa LEDD, mg/day

Dopamine agonist, % yes

Anticholingeric, % yes

Amantadine, % yes

MAO inhibitor, % yes?
Psychosis

Any psychotic symptom, % yes

Visual hallucinations, % yes

Auditory hallucinations, % yes

Illusions or misidentification, % yes

Paranoid ideation, % yes

Psychiatric

Inventory for Depressive Symptomatology score?

State Anxiety Inventory score?
REM Behavior Disorder score®
Epworth Sleepiness Scale score?

Apathy Scale score

Cognition

Mini-Mental State Examination score

63.1 (10.0)
71.7
94.8

16.4 (3.0)

6.4 (5.4)
2.0

21.6 (10.3)

115

501.2 (419.5)
497
37
19.4
13.7

215
13.6
6.8
7.3
4.7

185 (12.6)
39.2 (14.5)
1.0 (1.2)
9.9 (4.8)
11.7 (6.4)

29.2 (0.80)

N = 190;

by = 186:
N =182
9N =179:

N=178.

Abbreviations: MAO, monoamine oxidase.
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TABLE 2

Demographic and clinical correlates of psychosis

Page 10

Variable (Mean [SD] or %)

Groups by Psychosis Diagnosis

Non-Psychotic

Psychotic

(N = 150; 78.5%)

(N = 41; 21.5%)

Chi-Square (df), t Test (df),
or Nonparametric Test; P Value

Demographics/clinical variables
Age, years
Sex, % male
Education, years
Parkinson’s disease
Duration of PD, years
Hoehn and Yahr stage
UPDRS motor score
Deep brain stimulation, % yes
Medications
Levodopa LEDD, mg/day
Dopamine agonist use, % yes
Psychiatric tests
Inventory for Depressive Symptomatology score
State Anxiety Inventory score
REM Behavior Disorder score
Epworth Sleepiness Scale score
Apathy Scale score
Cognitive tests

Mini-Mental State Examination score

62.8 (10.1)
70.7
16.5 (3.1)

5.8 (5.0)
2.0
20.8 (10.2)
10.0

480.0 (411.6)
473

16.6 (11.9)
37.2 (13.8)
0.8 (1.1)
9.3(4.8)
11.0 (6.5)

29.3(0.8)

64.0 (9.6)
75.6
16.1 (3.0)

8.5 (6.4)
25
24.7 (10.4)
17.1

620.4 (434.8)
57.1

25.3 (13.0)
46.2 (14.9)
1.6 (L4)
12.2 (4.3)
14.1 (5.8)

29.1(0.8)

-0.6 (189); 0.52
0.4 (1); 0.53
0.7 (189); 0.48

-2.8 (189); 0.005
P=0.05
-2.2 (188); 0.03
1.6 (1); 0.21

-1.9 (189); 0.06
1.6 (1); 0.20

-4.1 (189); <0.001
-3.6 (184); <0.001
-3.3(50.8); 0.002
-3.5 (177); 0.001
-2.7 (176); 0.008

1.7 (189); 0.09
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Logistic regression model examining predictors of psychosis

TABLE 3

Variable

Statistical Analysis
(B [SE]; P value)

Duration of PD, years

Hoehn and Yahr stage

L-dopa LEDD, mg/day

Inventory for Depressive Symptomatology score
REM Behavior Disorder score

Epworth Sleepiness Scale score

Mini-Mental State Examination score

0.04 (0.04); 0.26
0.72 (0.38); 0.06
0.00 (0.00); 0.44
0.04 (0.02); 0.01
0.38 (0.17); 0.03
0.09 (0.05); 0.07
-0.23 (0.27); 0.41

Abbreviations: B, B coefficient; SE, standard error.
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