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Abstract.
Background: Some reports suggest that psychotic features may occur in the early stages of Parkinson’s disease (PD), but
sensitive tools have not been utilized.
Objective: The aim was to evaluate the presence of psychotic symptoms using detailed scales and to assess the association
with clinical characteristics.
Methods: Healthy controls and patients within three years of PD onset were recruited. Participants were examined for
psychotic symptoms using two different instruments: the Comprehensive Assessment of At-Risk Mental States (CAARMS)
and a 10 question PD specific psychosis severity scale (10PDQ). In the PD group, medication use, motor and non-motor
symptoms were documented.
Results: Based on CAARMS and 10PDQ scales, psychotic features were present in 39% (27/70) of patients and 4%
(3/74) of controls. The prevalence of passage hallucinations and illusions was significantly higher in PD compared to
the control group. The presence of PD-associated psychotic features was not significantly affected by medication, motor
severity or global cognitive status. Higher prevalence of overall non-motor manifestations, REM sleep behavior disorder
(RBD) and depressive symptoms was significantly associated with the manifestation of psychotic features in PD [(adjusted
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OR:1.3; 95%CI:1.1-1.6; p = 0.003), (adjusted OR:1.3; 95%CI:1.0-1.6; p = 0.023), and (adjusted OR:1.2; 95%CI:1.0-1.4;
p = 0.026)].
Conclusions: Psychotic phenomena mainly of minor nature are highly common in early PD. Cumulative non-motor symp-
toms, RBD and depressive features are associated with the presence of psychotic symptoms in this non-demented, early-stage
PD population. More studies are needed to clarify the mechanisms that contribute to the onset of psychotic features in early
PD.
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INTRODUCTION

Parkinson’s disease (PD)-associated psychosis is
one of the most debilitating non-motor features and
has been linked to multiple adverse outcomes. Ravina
et al. (2007) proposed that the presence of illusions,
false sense of presence, hallucinations or delusions
occurring after the onset of PD, with a duration of one
month that could not be attributed to another cause
of parkinsonism or primary psychiatric disorder sum-
marize the key components of the entity of psychosis
in PD [1]. Since then, visual and auditory hallucina-
tions in PD have been identified as the most prevalent
manifestations of PD-psychosis in advanced stages
of PD [2]. In contrast, hallucinations of other sensory
modalities, minor hallucinations (presence halluci-
nations, passage hallucinations, and illusions) and
delusional ideas have been relatively understudied.
Minor psychotic phenomena have recently gained
more attention, as they have been reported to be the
most common type of hallucination in early stages
of PD, even predating the onset of motor symptoms
[3].

Several cognitive, non-motor and motor factors
have been proposed to relate to psychotic features in
moderate and late stages of PD. However, the clinical
comorbidities that could be implicated in the exhibi-
tion of psychotic manifestations in earlier stages of
PD are still under investigation [4].

The impact of, even minor, psychotic phenomena
on the course of the disease is substantial, as they
can lead to decreased quality of life and significant
patient and caregiver distress. Therefore, the need of
an early screening of psychotic symptoms becomes
crucial [5]. The main objective of the current study
was to evaluate a wide spectrum of psychotic symp-
toms in the early PD population, by using detailed
psychiatric measures, and to identify clinical features
that contribute to their occurrence.

MATERIALS AND METHODS

Participants

The study had a cross-sectional design. The
study population was recruited from two-centers, the
Movement Disorder Clinics in the 1st Neurology
Department of National and Kapodistrian Univer-
sity of Athens (NKUA) in Aiginiteion Hospital and
the 2nd Neurology Department of NKUA in Attikon
University Hospital. The Movement Disorder Soci-
ety (MDS) Clinical Diagnostic Criteria for PD were
implemented to support the diagnosis in patients of
the sample [6]. Patients within 3 years of symptom
onset were included, since the focus of the study was
to probe into the early stage of PD, and to eliminate
potential disease or medication-related confounders
that occur with disease progression. Individuals with
no symptoms of PD or dementia and no family his-
tory of PD were grouped as “healthy controls” and
were mainly age-matched spouses of patients with
PD.

Clinical assessments

Demographic characteristics were documented for
all individuals. Data on education level and clin-
ical characteristics such as family history of PD,
duration of disease and age of symptom onset were
recorded for the PD group. Information on treatment
strategies including levodopa equivalent daily dose
(LEDD) and use of specific drug categories (lev-
odopa, dopaminergic agonists, and MAO inhibitors)
was also documented. The method for converting the
total daily dopaminergic therapeutic dose in LEDD
was obtained from published formulas [7].

Motor signs were evaluated using the Movement
Disorder Society Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS) part II and III motor subscales
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[8] and the Hoehn and Yahr (HY) scale [9]. Individ-
uals’ ability to function in activities of daily living
was assessed by the Schwab and England (SE-ADL)
Activities of Daily Living scale [10]. Patients were
classified as having tremor-dominant (i.e., present-
ing marked resting tremor with mild bradykinesia or
rigidity), akinetic-rigid (i.e., presenting marked aki-
nesia or bradykinesia and rigidity with no or only mild
tremor) or mixed phenotypes, depending on their
essential motor manifestation. Laterality of motor
symptoms (right or left dominant or symmetrical)
was also documented.

Further, non-motor features were measured using
the MDS-UPDRS part I scale [8]. Other mea-
sures included the REM sleep behavior disorder
screening questionnaire (RBDQ), with a screen-
ing cutoff of ≥ 6 indicating probable RBD since no
video polysomnography was performed [11], and
the Sniffin’ Sticks Screening test assessing olfaction
[12]. Global cognitive abilities were assessed with
the Montreal Cognitive Assessment (MoCA) and
mild cognitive impairment for patients with PD was
defined at the recommended cutoff value of < 26 [13].
Frontal Assessment Battery (FAB) was implemented
to examine the executive and frontal lobe dysfunction
in patients with PD [14]. Depression was examined
using the 15-item Geriatric Depression Scale (GDS)
with a cutoff score of ≥ 5 indicating presence of
clinically significant depressive features [15]. The
Questionnaire for Impulsive-Compulsive Disorders
in PD-Rating Scale (QUIP-RS) was performed to
examine Impulse Control Disorders (ICDs) [includ-
ing compulsive gambling, buying, sexual behavior
and eating] and related disorders (including hobby-
ing, punding, and dopamine dysregulation syndrome,
DDS) and the optimal cutoff point for combined ICDs
was ≥ 10 [16].

Evaluation of psychotic features

Trained clinicians (IP, VP) assessed patients for
psychotic symptoms using two different instru-
ments: an easy-to-administer 10 question PD specific
psychosis severity scale (10PDQ) [17] and a semi-
structured evaluation tool used to identify individuals
at ultra-high risk of developing psychosis, the Com-
prehensive Assessment of At-Risk Mental States
(CAARMS) [18].

The 10PDQ scale contains ten items. The first five
questions identify the type of hallucination (visual,
auditory, olfactory, sense of presence) or delusion,
while the last five quantify the intensity, frequency,

insight, and impact of the worst psychotic experience
in the life of the patient and the family. The range of
score for each item is 0-4 and the total score adds
all ten items (range: 0-40). Subjects were defined as
“10PDQ cases” when they had a total score > 0 [17].

The CAARMS is designed to assess psychopathol-
ogy and to determine if an individual meets criteria
for being at an ultra-high risk state of developing a
first-episode psychotic disorder. Details on the ratio-
nale and the rating components of CAARMS have
been previously presented in the literature [18]. Since
the main interest of the study was to examine the psy-
chotic symptoms in early PD, the abbreviated version
of CAARMS and only the positive symptom domain
of full CAARMS, including unusual thought content
(CAARMS 1.1), non-bizarre ideas (CAARMS 1.2),
perceptual abnormalities (CAARMS 1.3), and disor-
ganized speech (CAARMS 1.4), was used. Each of
the four categories of the positive symptom domain
has subscales that measure symptom frequency and
duration, pattern of symptoms and level of distress
and a rating scale that measures symptom intensity
(Global Rating Scale). For the purpose of the current
study, CAARMS was used to assess a plethora of
psychotic symptoms, yet not to identify individuals
at ultra-high risk of psychosis [18].

Using an inclusive approach, participants were
considered to be experiencing psychotic features
in case they had a score > 0 in 10PDQ scale or a
score > 1 in one of the four categories of positive
symptom domain in CAARMS scale. Subjects with
a score of 0 in the 10PDQ scale or a score ≤ 1 in each
sub-category of the positive symptom assessment in
CAARMS scale were considered as non-psychotic.
Subjects presenting visual and auditory disturbance
due to primary conditions such as visual or hearing
loss, were not grouped along with individuals with
psychotic manifestations.

Using the same criteria for defining psychotic fea-
tures, the PD group was divided into two sub-groups:
the PD-psychotic (PDP) and PD-non-psychotic
(PDnP) group.

Ethics

The study protocol was approved by the insti-
tutional Ethics Committees of the Neurology
Departments and conducted in accordance with the
latest version of the Declaration of Helsinki. All par-
ticipants provided written informed consent before
study participation.
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Statistical analysis

Statistical analyses were performed using the
statistical software programs IBM SPSS, version
25.0 (USA). Categorical variables were summarized
as absolute numbers and percentages. Continuous
variables were presented as medians (Q1, Q3) or
mean ± statistical deviation (SD). Total score in the
10PDQ scale and individual scores in four subcate-
gories of CAARMS scale were treated as continuous
variables. The presence of any psychotic feature was
computed as categorical variable.

In the primary analysis, psychotic manifestations,
treated either as continuous or categorical variables,
and demographic characteristics (age and sex) were
compared between patients with PD and healthy indi-
viduals using the chi-square (χ2) test, Mann-Whitney
non-parametric test and Student t test, as appropriate.
Generalized linear models (GLMs) were computed in
order to evaluate the association between 10PDQ and
CAARMS scores and clinical variables such as age,
sex, and diagnosis of PD.

Subsequently, bivariate comparisons between PDP
and PDnP subjects were performed using a two-
sample t test or non-parametric Mann-Whitney test
(for continuous variables) and the chi-square test (for
categorical variables). Variables associated with psy-
chosis at p < 0.10 on bivariate analysis were included
in multivariate analyses using logistic regression
models. Binary logistic regression was used to
derive the odds ratio (OR) for demographics (age
and sex), motor and non-motor features between
PDP and PDnP groups. Adjusted for age, OR were
then computed with binary logistic regression with
hierarchical entry method. The level of statistical sig-
nificance was set at p ≤ 0.05.

An explanatory analysis was performed to com-
pare the use of a brief screening tool for psychosis in
PD, the 10PDQ scale, to a detailed psychopathology
interview, the CAARMS. The association strength
between 10PDQ scores and CAARMS global rating
scores was examined using the Spearman’s rank cor-
relation coefficient and these results are represented
in the Supplementary Material.

RESULTS

Subject characteristics

A total of 144 participants were included in the
sample. 70 subjects were diagnosed with PD and had
a mean age of 63 years (range: 32-86 years) and 74

individuals were grouped as healthy controls with
a mean age of 68 years (range: 50-89) [p = 0.050].
67% were male in the PD group, compared to 37%
in healthy individuals [χ2 = 13.5, df = 1, p < 0.001].

Table 1 illustrates the comparisons of psychotic
features treated either as continuous or categorical
variables between patients and controls. Total scores
in 10PDQ scale were significantly higher in patients
with PD, compared to controls, even after adjusting
for age and sex (p < 0.001).

The global severity and frequency scores of the
unusual thought content in CAARMS (CAARMS 1.1
section) were found relatively low in both patients and
controls (p = 0.124 and p = 0.109 respectively). The
severity and frequency scores of non-bizarre ideation
(CAARMS 1.2 section) were significantly higher in
PD patients, compared to healthy individuals. The
absolute number of participants defined as cases
with delusional ideation was higher in patients, but
this difference was not significant (χ2 = 4.3, df = 1,
p = 0.053).

The majority of patients and controls have expe-
rienced mild perceptual abnormalities (patients with
PD: range = 0-6, healthy individuals: range = 0-2), as
scores in CAARMS 1.3 section indicate. Regarding
frequency, the distribution in PD patients was heav-
ily skewed with a large proportion of “once a month
to twice a week - less than one hour per occasion”
responses in the 1.3 frequency subscale of CAARMS.
These differences are illustrated in the boxplots 2 and
1 respectively (Supplementary Material). Following
clinical covariate adjustment, higher prevalence of
perceptual abnormalities was noticed in patients with
PD compared to controls: 33% (23 out of 70) of
patients and 5% (4 out of 74) of healthy individu-
als were defined as cases based on the CAARMS
interview [χ2 = 17.8, df = 1, p < 0.001].

All healthy individuals reported normal organized
speech. In patients with PD, the range of severity and
frequency scores in the disorganized speech section
(CAARMS 1.4) were 0-3 and 0-4 respectively. How-
ever, the majority of patients classified as cases with
disorganized speech (8 out of 13, 62%) reported slight
subjective difficulties with a frequency of “once a
month to twice a week-less than one hour per occa-
sion”.

Assessment of psychotic features comparing
10PDQ scale to CAARMS interview

Based on the 10PDQ scale, 33% (23/70) of PD
patients were identified as cases by the 10PDQ, com-
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Table 1
Correlates of psychotic features between HC and PD groups

PD
patients
N = 70

Healthy
controls
N = 74

adjusted
p

Age, y 63 ± 11.9 68 ± 7.9 0.050
[mean ± SD]
Male Sex 47 [67] 27 [37] <0.001
[N,%]
10PDQ (total score) 2.6 ± 4.4 0.1 ± 0.8 <0.001
[mean ± SD]
10PDQ 23 [33] 2 [3] <0.001
[cases,%]

CAARMS 1.1 section Unusual Thought Content-Global Rating Scale 0.1 ± 0.3 0.0 ± 0.0 0.124
[mean ± SD]

CAARMS 1.1 Unusual Thought Content 2 [3] 0 [0] 0.235
section [cases,%]
CAARMS 1.1 Frequency and Duration 0.1 ± 0.5 0.0 ± 0.0 0.109
section [mean ± SD]
CAARMS 1.2 Non-bizarre Ideas-Global Rating Scale 0.2 ± 0.6 0.0 ± 0.0 0.031
section [mean ± SD]
CAARMS 1.2 section Non-bizarre Ideas 4 [6] 0 [0] 0.053

[cases,%]
CAARMS 1.2 section Frequency and duration [mean ± SD] 0.2 ± 1.0 0.0 ± 0.0 0.028
CAARMS 1.3 section Perceptual Abnormalities-Global Rating Scale 0.8 ± 1.4 0.1 ± 0.5 <0.001

[mean ± SD]
CAARMS 1.3 section Perceptual Abnormalities 23 [33] 4 [5] <0.001

[cases,%]
CAARMS 1.3 section Frequency and duration [mean ± SD] 0.6 ± 1.1 0.1 ± 0.2 <0.001
CAARMS 1.4 section Disorganized Speech-Global Rating Scale 0.5 ± 1.0 0.0 ± 0.0 <0.001

[mean ± SD]
CAARMS 1.4 section Disorganized Speech 13 [19] 0 [0] <0.001

[cases,%]
CAARMS 1.4 section Frequency and Duration 0.4 ± 1.0 0.0 ± 0.0 <0.001

[mean ± SD]

Data are given as mean ± SD or N (%). Significance level for comparison is p < 0.05. 10PDQ, 10 question PD specific psychosis severity scale;
CAARMS, Comprehensive Assessment of At-Risk Mental States; HC, healthy controls; PD, Parkinson’s disease; SD, standard deviation.
Each of the four categories of the positive symptom domain (CAARMS 1.1, 1.2, 1.3, and 1.4) has subscales that measure symptom frequency
and duration, pattern of symptoms and level of distress and a rating scale that measures symptom intensity (Global Rating Scale). The Global
Rating Scale rates symptom severity from 0 (absent psychotic feature) to 6 (severe psychotic feature). The frequency and duration subscales
are rated using a 0 (absent psychotic symptom) to 6 (continuous psychotic symptom) rating scale. The pattern of symptoms addresses whether
and to what extent substance use is related to presence of psychotic features examined (0: no relation, 1: psychotic feature occurs in relation
to substance use and at other times as well, 2: noted only in relation to substance use). The level of distress scale is a 100-point Likert scale
(0: not distressed at all, 100: extremely distressed) that subjectively measures the distress related to each subscale.

pared to 3% (2/74) of healthy controls (χ2 = 22.8,
df = 1, p < 0.001). 39% (27/70) of patients with PD
have reported any kind of psychotic feature using
CAARMS interview, compared to 4% (3/74) of
healthy individuals (χ2 = 26.0, df = 1, p < 0.001). All
subjects identified as cases using the 10PDQ scale
were included in the group presenting psychotic fea-
tures according to CAARMS interview regarding
both PD and healthy categories.

There was a slight discrepancy in identifying psy-
chotic manifestations using 10PDQ and CAARMS
instruments. In the PD group, four patients have
reported psychotic features that were identified by
CAARMS, but not using 10PDQ scale. These symp-

toms mainly involved delusional ideation of guilt,
grandiosity and less common forms of hallucinations
(i.e., tactile). In the control group, one individual
reported a delusional ideation of guilt, which was
identified using the CAARMS interview, yet not
the10PDQ scale.

Due to these mild differences in the evaluation of
psychotic phenomena using the two instruments, the
PD group was separated in two sub-categories based
on the performance in 10PDQ testing: patients with
10PDQ score > 0 (10PDQ cases) and patients with
10PDQ score = 0 (10PDQ non-cases). Severity and
frequency scores of the four categories of positive
symptoms in CAARMS interview were compared
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Fig. 1. Psychotic features in patients with PD and healthy controls. The bar chart illustrates the distribution of several modalities of
psychotic manifestations in healthy controls and patients with PD. In healthy subjects, auditory disturbances were more frequent followed
by minor psychotic phenomena, visual and olfactory hallucinations. In the PD group, there was a predominance of passage hallucinations
followed by auditory phenomena, illusions and formed visual hallucinations, olfactory and tactile abnormalities, delusional ideation and,
finally, sense of presence. The presence of passage hallucinations and illusions was significantly higher in patients with PD, compared to
healthy individuals.

between 10PDQ cases and non-cases (Supplemen-
tary Table 1). Mean scores of the CAARMS subscales
did not differ in 10PDQ cases and non-cases, except
for the sections of perceptual abnormalities and dis-
organized speech (severity and frequency scores),
which were higher in the cases’ group (p < 0.001,
p = 0.001, and p = 0.002). Using the Spearman’s rank
correlation coefficient, the 10PDQ total score was
significantly correlated with the individual scores of
perceptual abnormalities and disorganized speech in
CAARMS (Supplementary Table 2).

Spectrum of psychotic symptoms in patients with
PD and healthy controls

Based on both CAARMS interview and 10PDQ
scale, psychotic features were present in 39% (27 out
of 70) of patients with PD and 4% (3 out of 74) of
healthy controls [χ2 = 26.0, df = 1, p < 0.001].

Information about modality and quality of
psychotic manifestations was retrieved from the indi-
vidual items of both 10PDQ and CAARMS scales.
In healthy controls, auditory disturbances were more
frequent followed by minor psychotic phenomena,
visual and olfactory hallucinations. Illusions, tac-
tile hallucinations, and delusional ideation were not
observed in controls.

In the PD group, there was a predominance of pas-
sage hallucinations followed by auditory phenomena,

illusions and formed visual hallucinations, olfac-
tory and tactile abnormalities, delusional ideation
and, finally, sense of presence (Fig. 1). Among all
modalities of psychotic symptoms, the presence of
minor hallucinations including passage hallucina-
tions and illusions was significantly higher in patients
with PD compared to healthy individuals, even after
controlling for age and sex between the two study
groups (χ2 = 7.4, df = 1, p = 0.008 and χ2 = 5.5, df = 1,
p = 0.025, respectively, Supplementary Material).

Clinical factors associated with psychosis in PD

The prevalence of psychotic features in the PD
sample was 39% (27 out of 70). No individual
received antipsychotic medication at the time of
evaluation. Subjects with psychotic features (PDP
group, n = 27) were older compared to patients with-
out such features (PDnP group, n = 43) (p = 0.026).
No difference in sex or education level was detected
between the two groups [(χ2 = 2.7, df = 1, p = 0.185),
p = 0.083] (Table 2).

PDP individuals were older at disease onset, com-
pared to PDnP subjects (p = 0.022). The median
duration of PD was approximately two years in both
groups (range = 0.5-3 years, p = 0.362). Regarding
motor assessment, performance in MDS-UPDRS part
II, III, HY and SE-ADL scales was similar in the two
groups (Table 2). PDP and PDnP individuals did not
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Table 2
Clinical and demographic characteristics in PDP-PDnP groups

PDP N = 27 PDnP N = 43 adjusted p

Demographics
Age, y 71 (62,75) 62 (52,70) 0.026
Median (Q1,Q3)
Male Sex 15 (56) 32 (74) 0.185
N, %
Education, y 15 (9,16) 15 (12,17) 0.081
Median (Q1,Q3)

PD-associated clinical features
Family History 9 (36) 11 (26) 0.421
N, %
Age of Onset, y 69 (59,73) 61 (50,69) 0.022
Median (Q1,Q3)
Duration, y 2 (1,2) 2 (1,2) 0.362
MDS-UPDRS III 21 (17,27) 22 (16,25) 0.522
Median (Q1,Q3)
HY 2 (2,2) 2 (1,2) 0.055
Median (Q1,Q3)
SE-ADL 90 (90,100) 100 (90,100) 0.131
Median (Q1,Q3)
Akinetic Type 3 (12) 6 (14) 0.342
N, %
Left Laterality 11 (48) 15 (48) 0.662
N, %

Medication
LEDD, mg/day 300 (160,400) 150 (0,360) 0.083
Median (Q1,Q3)
L-Dopa use 16 (59) 20 (47) 0.335
N, %
Dopamine agonist use 12 (44) 19 (44) 1.000
N, %
MAOI 8 (30) 7 (16) 0.236
N, %

Non-motor Features
MDS-UPDRS part I* 7 (5,11) 5 (3,6) 0.034
Median (Q1,Q3)
MDS-UPDRS part II 7 (3,10) 5 (2,8) 0.171
Median (Q1,Q3)
RBDQ 6 (3,7) 3 (2,5) 0.046
Median (Q1,Q3)
Sniffin’ Sticks 6 (4,9) 7 (6,8) 0.883
Median (Q1,Q3)
QUIP-RS 0 (0,1) 0 (0,0) 0.123
Median (Q1,Q3)
MOCA 25 (23,28) 27 (24,29) 0.141
Median (Q1,Q3)
FAB 16 (14,17) 17 (16,18) 0.042
Median (Q1,Q3)
GDS 4 (1,7) 1 (0,3) 0.031
Median (Q1,Q3)

Data are given as median (Q1, Q3) or N (%). Significance level for comparison is p < 0.05. PDP: indi-
viduals with PD-associated psychosis, PDnP, patients with PD without psychosis; LEDD, Levodopa
equivalent daily dose; MDS-UPDRS, Movement-Disorder-Society Unified Parkinson’s Disease
Rating Scale; RBDQ, REM sleep Behavior Disorder Questionnaire; QUIP-RS, Questionnaire for
Impulsive-Compulsive Disorders in Parkinson’s Disease-Rating Scale; MoCA, Montreal Cognitive
Assessment; FAB, Frontal Assessment Battery; GDS, Geriatric Depression Scale.

present differences in type of PD (χ2 = 0.7, df = 2,
p = 0.342) or in laterality of parkinsonian symptoms
(χ2 = 1.6, df = 2, p = 0.662).

11 out of 70 patients with PD (PDP group: n = 2
[7%] and PDnP group: n = 9 [21%]) did not receive
any treatment at the time of evaluation. 10% (7
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Table 3
Logistic Regression Model examining non-motor features in PDP and PDnP groups

PDP N = 27 PDnP N = 43 Unadjusted � Adjusted �
[95% CI;p-value] [95% CI;p-value]

MDS-UPDRS part I 7 (5,11) 5 (3,6) 1.3 [1.1-1.6; 0.001] 1.3 [1.1-1.6; 0.003]
Median (Q1,Q3)
MDS-UPDRS part II 7 (3,10) 5 (2,8) 1.1 [1.0-1.2; 0.202] 1.1 [0.9-1.2; 0.321]
Median (Q1,Q3)
RBDQ 6 (3,7) 3 (2,5) 1.3 [1.1-1.6; 0.006] 1.3 [1.0-1.6; 0.023]
Median (Q1,Q3)
Sniffin’ Sticks 6 (4,9) 7 (6,8) 1.0 [0.8-1.2; 0.868] 1.1 [0.9-1.3; 0.575]
Median (Q1,Q3)
QUIP-RS 0 (0,1) 0 (0,0) 1.1 [0.9-1.2; 0.325] 1.1 [0.9-1.2; 0.479]
Median (Q1,Q3)
MoCA 25 (23,28) 27 (24,29) 0.9 [0.7-1.0; 0.145] 0.9 [0.8-1.2; 0.586]
Median (Q1,Q3)
FAB 16 (14,17) 17 (16,18) 0.8 [0.7-1.0; 0.046] 0.9 [0.7-1.1; 0.240]
Median (Q1,Q3)
GDS 4 (1,7) 1 (0,3) 1.2 [1.1-1.5; 0.010] 1.2 [1.0-1.4; 0.026]
Median (Q1,Q3)

Data are given as median (Q1, Q3) or N (%). Significance level for comparison is p < 0.05. PDP, individuals with
PD-associated psychosis; PDnP, patients with PD without psychosis; LEDD, Levodopa equivalent daily dose; MDS-
UPDRS, Movement-Disorder-Society Unified Parkinson’s Disease Rating Scale; RBDQ, REM sleep Behavior Disorder
Questionnaire; QUIP-RS, Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease-Rating Scale;
MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery; GDS, Geriatric Depression Scale.

out of 70) of PD patients were under anticholiner-
gic treatment. Total LEDD was higher in the PDP
group, compared to PDnP individuals, yet this dif-
ference was not statistically significant (p = 0.083).
There was no difference in the prescription of a spe-
cific drug category (l-dopa, dopamine agonists or
MAO inhibitors) between the two groups (p = 0.335,
p = 1.000, p = 0.236, respectively). In terms of other
treatment strategies, no individual received medica-
tion for cognitive impairment, while 16% (11 out
of 70) of patients with PD were under antidepres-
sant treatment, of which the majority (91%, 10/11)
received selective serotonin reuptake inhibitors.

Higher scores in MDS-UPDRS part I scale
(after excluding the item of hallucinations and psy-
chosis), RBDQ scale, FAB scale, and GDS scale
were noted in the PDP group, compared to the
PDnP individuals after adjustment for age (p = 0.034,
p = 0.046, p = 0.046, p = 0.031, respectively). Even
though the mean total MoCA score was similar
between the two groups, there was a trend for visu-
ospatial, executive, naming and abstraction deficits
in PDP patients (Supplementary Table 4). In the
binary regression models, higher MDS-UPDRS part
I score, RBDQ scores and GDS scores demon-
strated a trend association with psychosis, even after
adjustment for clinical covariates. FAB marginally
failed to be significantly associated in these models
(Table 3).

DISCUSSION

The main objective of this study was to eval-
uate the prevalence of psychotic features in early
PD using detailed measures. More than one third
of patients with early PD reported at least one type
of psychotic symptom, compared to healthy individ-
uals. The prevalence of passage hallucinations and
illusions reached a significant difference between
controls and PD patients. Furthermore, motor exam-
ination and PD medication did not differ between
patients with and without early-onset PD psychotic
features. The presence of non-motor symptoms, RBD
and depressive features seem to mildly increase the
probability of exhibiting PD-associated psychotic
manifestations. Frontal dysfunction marginally did
not significantly correlate to psychotic features in this
early PD population.

The novelty of our study was that a detailed psy-
chiatric analysis by two separate scales was used
to identify psychotic features in early PD. On the
one hand, the implementation of CAARMS inter-
view enabled clinicians to comprehensively probe
into the nature of psychotic phenomena, given the
open-ended structure of the questions that require fur-
ther elaboration on examinees’ responses regarding
severity and the frequency. Ambiguous answers were
excluded, according to CAARMS global rating scale,
in order to identify only frank psychotic phenom-
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ena. Moreover, CAARMS was the first instrument
designed to identify imminent development of first-
episode psychotic disorder, through an extensive
exploration of subclinical psychopathology [18]. It
maps, thus, the psychopathological symptoms of
subclinical intensity, below the sensitivity threshold
of other clinical scales, such as Brief Psychiatric
Rating Scale (BPRS) and the Positive and Nega-
tive Symptom Scale (PANSS) that have been used
in other PD clinical studies [19, 20]. On the other
hand, 10PDQ scale is specifically designed for PD-
associated psychosis and has been developed based
on previous non-validated versions that have been
implemented in clinical trials. [21, 22]. It explores
the severity of the most common psychotic symp-
toms in PD, including sense of presence, visual,
auditory, and olfactory hallucinations and delusional
ideation of infidelity or persecution, in a 4-point scale
with an excellent inter-rater and significant intra-rater
reliability [17]. The worst psychotic experience is
evaluated in terms of its duration, insight, affective
consequences, and actions. In contradiction to the
CAARMS interview, that documents self-distress,
10PDQ scale includes patients’ and family input to
account for the poor insight many patients possess.
Despite different methodological designs, an asso-
ciation was observed between 10PDQ scores and
CAARMS scores addressing perceptual abnormali-
ties (Supplementary Material). This finding implies
that psychotic disturbances evaluated by CAARMS
interview tend to correspond to the hallucinatory cat-
egories of the 10PDQ scale. Therefore, CAARMS
assessment may provide a useful instrument for
monitoring minor or major psychotic symptoms,
especially of hallucinatory nature, in this sample of
early PD patients, although its design and psychome-
tric features address first-episode psychotic disorder
individuals.

Until present, no “ideal” scale for PD psychosis
has been identified [5]. According to the critique
of MDS Task Force on Rating Scales in PD, sev-
eral scales were designed specifically for the PD
population, but are still inadequate to capture the
entire phenomenology of psychotic features, such as
MDS-UPDRS Part I scale [8]. Other psychosis scales
derived from psychiatric research, for instance BPRS
and PANSS scales, have been implemented, although
several items relevant to schizophrenia are less useful
to PD psychosis [19, 20]. Besides, these tools could
be cumbersome for everyday clinical practice, due
to their complex form. There is still lack of a valid
questionnaire addressing psychotic manifestations in

early PD and emphasizing minor hallucinations. Our
attempt to combine an open-ended interview with
another scale better at cataloging specific features,
enabled us to identify a significantly high prevalence
of psychotic features in the early period of PD.

One of the primary outcomes of our study was
that perceptual abnormalities, especially minor, were
dominant in the early PD population. This finding is in
accordance with recent literature [23]. Early reports
in the pre-levodopa period have described patients
with illusions and visual hallucinations [24], even
in the absence of prominent cognitive impairment.
Several cohorts of early PD population, such as PRI-
AMO and PPMI studies, have observed an increasing
prevalence of psychotic features over a 2-year period
from 3% to 10% [25, 26]. In another study of “hon-
eymoon” period of PD, Erro et al. (2016) identified
a significant rise of prevalence of psychotic symp-
toms over a 4-year evaluation from 1.4% to 13.5%
for hallucinations and 12.2% for delusions [27]. In
our series, psychotic symptoms were present in 39%
of patients with PD. According to literature, the high-
est prevalence of psychotic manifestations during the
pre-levodopa era was 42%, including mainly minor
phenomena in a sample of 50 drug-naı̈ve PD patients
[3]. Among these studies, there is a considerable
discrepancy in point-prevalence of PD-associated
psychosis due to methodological issues. Yet, all these
data emphasize that psychotic symptoms can mani-
fest early in the course of the disease.

A range of possible motor and non-motor factors
that could be related to psychotic experiences was
investigated in our PD sample. Patients with psy-
chotic symptoms were older and had an older age
of symptom onset compared to individuals without
psychosis. Moreover, consistent with previous find-
ings, performance in several motor measurements
was similar between psychotic and non-psychotic
early PD patients [3, 28–30]. It has been previously
reported that visual hallucinations are observed in
patients with greater motor severity of disease, even
though this was generally in participants with more
advanced PD than in our study (mean disease’s dura-
tion:1.7 years, HY stage ≤ 2) [4, 31]. Furthermore, no
predominance of akinetic-rigid type in patients with
psychotic symptoms was detected in our sample. It
seems that by splitting PD into tremor dominant or
non-tremor dominant (akinetic-rigid or PIGD), the
full spectrum of clinical manifestations in PD is not
well-captured. Multi-domain classifications includ-
ing motor, cognitive and psychiatric measures have
shown that this classic tremor/PIGD dichotomy has
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been a less robust and sufficient instrument to predict
clinically meaningful outcomes such as mortality,
dementia, or PD-associated psychosis [32, 33]. Taken
together, severity and type of motor symptoms do not
appear to associate with psychotic symptoms, at least
at the early period of PD.

There was no significant difference in proportion of
participants on dopamine agonist, levodopa, or MAO
inhibitors therapy between those with and without
psychotic features. Even though individuals present-
ing psychotic manifestations had higher total LEDD,
this difference marginally did not reach statistical
significance. In clinical practice, PD psychotic fea-
tures often emerge in the setting of augmentation of
dopaminergic therapy, especially dopamine agonists,
and subside with dose reduction or discontinuation
[34]; this can occur even in non-demented PD cases,
as an “isolated delusional syndrome” [35]. However,
PD psychotic features have been recognized even in
unmedicated patients [3, 24, 36]. Our findings are in
line with contemporary view of the role of medica-
tion in PD psychosis, as a “modifier rather than a
necessary feature for the diagnosis of PD psychosis”,
according to the NINDS-NIMH work group [1].

In our series, the major factors associated with PD
psychotic features were non-motor symptoms includ-
ing RBD. Prior studies have shown that autonomic
symptom burden could be an independent risk fac-
tor for future hallucinations [37]. In addition, RBD
has been widely associated with visual hallucinations
and has been characterized as a predictor of future
hallucinations [38]. One possible link between RBD
and psychotic features in PD might be based on the
cholinergic dysfunction observed in both conditions
[39]. Reduced cholinergic nucleus 4 (Ch4) density
has been recently associated with future psychotic
symptoms in early PD subjects [37]. Another possible
common basis of RBD and psychotic experiences in
PD could be the dysfunction of prefrontal networks.
Gan and colleagues (2021) have observed weaker
positive couplings between visual network, default
mode network (DMN), DMN and basal ganglia net-
work and within DMN in patients with RBD-PD,
while functional connectivity changes within the
DMN and aberrant connectivity between posterior
areas of DMN and visual-processing areas have been
reported in patients with PD and minor hallucina-
tions [40, 41]. Finally, reduced grey matter volume in
hippocampal and parahippocampal regions, thalamus
and limbic regions might be considered as a common
substrate in PD patients with RBD and those with
visual hallucinations [39].

Furthermore, the role of cognitive impairment
in the presence of psychotic features was inves-
tigated in our sample. Despite the fact that total
mean MoCA scores were relatively similar between
patients with and without psychotic manifestations,
by analyzing the individual items of MoCA scale,
poorer performance in executive, visuospatial, nam-
ing and abstraction domains was revealed in patients
with PD-associated psychotic symptoms (p < 0.05).
This is in accordance with recent literature findings
[42]. Visual hallucinations have been associated with
multidomain cognitive dysfunction in PD including
deficits in executive function [43], sustained attention
[44] and visuospatial-perceptual functions [45]. Fur-
ther, poor frontal lobe function has been identified in
some cases of patients with psychosis in early PD [46,
47]. Neuroimaging findings on greater atrophy across
frontal and parietal cortices further support our find-
ings [34, 48]. A common idea for determining the role
of executive and frontal functions in the emergence
of psychotic features in early PD is the disruption in
the processing of information across complex atten-
tional networks including dorsal, ventral attentional
and DMN networks [49]. Montagnese and colleagues
(2023) reported mild language and naming diffi-
culties in patients with visual hallucinations, after
detailed examination of a mixture of language-related
cognitive domains [50]. The early identification of
this characteristic pattern of cognitive impairment in
patients with psychotic manifestations, especially in
the early stages of the disease, is of great significance
to plan prevention therapies in the future and conduct
stratified and optimal management of the ongoing
neuropsychiatric symptoms.

Regarding other neuropsychiatric symptoms,
depressive features mildly increased the probabil-
ity of expressing psychotic features in our sample.
Psychiatric symptoms in the depressive domain have
been frequently recorded in PD with psychotic fea-
tures and have been suggested to predispose to the
development of psychotic experiences [4, 25, 51].
These neurocognitive and neuropsychiatric changes
could be grouped in a unified “serotoninergic” clin-
ical subtype of psychosis, as Factor and colleagues
(2017) have described in a novel classification
scheme based on the main neurotransmitter impli-
cated in each patient group (acetylcholine, serotonin,
dopamine) [52]. More specifically, this “serotoniner-
gic” type of psychosis refers to psychosis unrelated to
global cognitive decline, in which hallucinatory phe-
nomena (most commonly minor hallucinations) are
more likely to occur in the context of depression or
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anxiety. The name of this class of psychosis reveals
the underlying pathological mechanisms that bring
psychosis and depression in proximity and implicates
changes in the serotoninergic systems. Serotonin may
contribute to the pathogenesis of complex visuals hal-
lucinations probably via involvement of the serotonin
2 receptor, as clozapine, primavanserin, and other
atypical antipsychotics effectively reduce the occur-
rence of visual abnormalities [53]. Upregulation of
the 5HT2A receptors seems to occur in the prefrontal,
visual, and temporal cortex areas only in PD patients
with psychosis and the resulting enhanced activity
at upregulated 5HT2A receptors in the temporal cor-
tex and visual pathways could precipitate the onset
of visual hallucinatory experiences [54]. Therefore,
depressive and psychotic features in non-demented
early PD population could share similar underlying
mechanisms of predominantly brainstem and mid-
brain pathology.

We acknowledge that our study presents some lim-
itations which need to be addressed carefully. Firstly,
due to the cross-sectional design of the study, the
identification of a temporal and causal relationship
between several clinical factors and psychosis could
not be precisely evaluated. In addition, a small pro-
portion of the sample might be contaminated by
Lewy body dementia cases as hallucinations early
in the course of the disease should alert the clinician
towards this diagnosis. However, since the diagnosis
of PD always preceded the onset of psychotic features
in this sample and none of the included patients had
dementia at the time of evaluation, this bias should
be negligible. Another limitation of the current study
is related to the small size of our sample. In par-
ticular, patients were grouped together in the PDP
group, regardless of whether they had minor type
symptoms or more genuine psychotic phenomena.
This meant that potential associations with specific
symptoms (minor hallucinations/visual hallucina-
tions rather than delusional ideation) and specific
predictors could not be examined due to power
concerns. Even though the recruitment of both PD
patients and controls was based on a two-center basis,
the representativeness of the current sample is not
ideal. Yet, observer and self-selection bias were elim-
inated as much as possible. Finally, clinicians were
not blind to clinical status (patients-controls), there-
fore potential expectational bias should be taken into
consideration, in terms of magnifying differences in
psychotic tendency in patients, compared to controls.

Overall, our study provides evidence that a vari-
ety of psychotic features, especially those of minor

nature, are common in early PD. A comprehensive
psychiatric evaluation including the CAARMS inter-
view and the 10PDQ scale enabled the clinicians
to monitor even subtle perceptual abnormalities and
delusional ideas. Undoubtedly, a simple, sensitive,
and valid screening tool addressing specifically minor
phenomena could be part of the “clinical toolbox” in
order to identify psychotic symptoms early. Further
research in this area could examine whether the pres-
ence of early mild psychotic phenomena carries a
prognostic significance for the development of more
severe psychotic manifestations or possibly cognitive
decline later in the disease course.
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JM, Durif F, Bourdeix I (2004) Clozapine in drug induced
psychosis in Parkinson’s disease: A randomised, placebo-
controlled study with open follow up. J Neurol Neurosurg
Psychiatry 75, 689-695.

[20] Friedman JH, Berman RM, Goetz CG, Factor SA, Ondo
WG, Wojcieszek J, Carson WH, Marcus RN (2006) Open-
label flexible-dose pilot study to evaluate the safety and
tolerability of aripiprazole in patients with psychosis asso-
ciated with Parkinson’s disease. Mov Disord 21, 2078-2081.

[21] Ondo WG, Levy JK, Vuong KD, Hunter C, Jankovic J
(2002) Olanzapine treatment for dopaminergic-induced hal-
lucinations. Mov Disord 17, 1031–1035.

[22] Ondo WG, Tintner R, Voung KD, Lai D, Ringholz G.
(2005) Double-blind, placebo-controlled, unforced titration
parallel trial of quetiapine for dopaminergic-induced hallu-
cinations in Parkinson’s disease. Mov Disord 20, 958–963.

[23] Chendo I, Silva C, Duarte GS, Prada L, Voon V, Ferreira JJ
(2022) Frequency and characteristics of psychosis in Parkin-
son’s disease: A systematic review and meta-analysis. J
Parkinsons Dis 12, 85-94.

[24] Aarsland D, Brønnick K, Alves G, Tysnes OB, Pedersen
KF, Ehrt U, Larsen JP (2009) The spectrum of neuropsychi-
atric symptoms in patients with early untreated Parkinson’s
disease. J Neurol Neurosurg Psychiatry 80, 928-930.

[25] Morgante L, Colosimo C, Antonini A, Marconi R, Meco
G, Pederzoli M, Pontieri FE, Cicarelli G, Abbruzzese G,
Zappulla S, Ramat S, Manfredi M, Bottacchi E, Abrignani
M, Berardelli A, Cozzolino A, Paradiso C, Gaspari CD,
Morgante F, Barone P, PRIAMO Study Group (2012) Psy-
chosis associated to Parkinson’s disease in the early stages:
Relevance of cognitive decline and depression. J Neurol
Neurosurg Psychiatry 83, 76-82.

[26] de la Riva P, Smith K, Xie SS, Weintraub D (2014) Course of
psychiatric symptoms and global cognition in early Parkin-
son disease. Neurology 83, 1096-1103.

[27] Erro R, Picillo M, Vitale C, Amboni M, Moccia M, San-
tangelo G, Pellecchia MT, Barone P (2016) The non-motor
side of the honeymoon period of Parkinson’s disease and
its relationship with quality of life: A 4-year longitudinal
study. Eur J Neurol 23, 1673-1679.

[28] Zhong M, Gu R, Zhu S, Bai Y, Wu Z, Jiang X, Shen B,
Zhu J, Pan Y, Yan J, Zhang L (2021) Prevalence and risk
factors for minor hallucinations in patients with Parkinson’s
disease. Behav Neurol 2021, 3469706.

[29] Clegg BJ, Duncan GW, Khoo TK, Barker RA, Burn DJ,
Yarnall AJ, Lawson RA (2018) Categorising visual hallu-
cinations in early Parkinson’s disease. J Parkinsons Dis 8,
447-453.

[30] Biglan KM, Jr Holloway RG, McDermott MP, Richard
IH, Parkinson Study Group CALM-PD Investigators (2007)
Risk factors for somnolence, edema, and hallucinations in
early Parkinson disease. Neurology 69, 187-195.
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