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ABSTRACT: Introduction: Psychosis is one of the incapacitating nonmotor symptoms of Parkinson’s disease (PD). Although several risk
factors that include older age, rapid eye movement sleep behavior disorder, depression, and cognitive dysfunction have been identified,
the exact neural correlates remain elusive. As cognitive impairment has a close association with psychosis in PD, it is useful to know the
spectrum of cognitive impairment in PD patients with psychosis (PD-P). Methods: This cross-sectional study compared various cognitive
parameters of PD-P (visual/minor hallucinations) and PD patients with no psychosis (PD-NP). A neuropsychological battery encapsulating
several cognitive domains (executive, visuospatial, learning, and memory) was used for the cognitive assessment of 37 PD-P and 51 PD-NP
patients who were matched for age, gender, education, and disease duration. Results: The two groups were comparable in terms of disease
severity and stage. Although the groups had a comparable mean score onMontreal cognitive assessment, the PD-P group performed poorly in
tests focused on executive function (color trail test, forward digit span), verbal learning and memory (Rey auditory and verbal learning test),
and visuospatial functions (complex figure test, corsi block tapping test). Those with complex visual hallucinations performed poorly in the
color trial test (part A) compared to those with minor hallucinations. Conclusion: Psychosis is associated with a multidomain cognitive dys-
function in PD. All PD patients should undergo detailed cognitive assessment as cognitive dysfunction may be a marker of psychosis in the
future. Additional longitudinal studies are warranted to obtain detailed insights into this issue.

RÉSUMÉ : Corrélats entre les troubles cognitifs et les hallucinations visuelles ou légères dans la maladie de Parkinson. Introduction : La
psychose est l’un des symptômes non moteurs débilitants de la maladie de Parkinson (MP). Certes, plusieurs facteurs de risque de psychose,
notamment un âge avancé, le trouble du comportement en sommeil paradoxal (TCSP), la dépression et le dysfonctionnement cognitif, ont déjà
été cernés, mais les corrélats neuraux exacts entre ces manifestations restent obscurs. Comme le déficit cognitif est en association étroite avec la
psychose dans la MP, il serait bon de connaître le spectre des troubles cognitifs chez les patients souffrant de la MP aussi atteints de psychose.
Méthode : Il s’agit d’une étude transversale dans laquelle ont été comparés différents paramètres cognitifs chez des patients atteints de la MP
(hallucinations visuelles/légères) (MPP), psychotiques, et chez des patients atteints de la MP, non psychotiques (MPNP). Les sujets ont été
soumis à une batterie de tests neuropsychologiques qui englobaient plusieurs domaines cognitifs (fonctions exécutives et visuospatiales,
apprentissage, mémoire) visant à évaluer les fonctions cognitives; 37 participants étaient de type MPP, et 51, de type MPNP, tous
appariés selon l’âge, le sexe, le degré d’instruction et la durée de la maladie. Résultats : Les deux groupes étaient comparables quant au
degré de gravité de la maladie et au stade d’évolution. Bien que les sujets dans les deux groupes aient obtenu un score moyen comparable
au test Montreal cognitive assessment (MoCA; test d’évaluation cognitive deMontréal), ceux du groupeMPP ont été peu performants dans les
fonctions exécutives (test de traits de couleur [color trail test], empan numérique), dans l’apprentissage verbal et la mémoire (test d’appren-
tissage auditivo-verbal de Rey) ainsi que dans les fonctions visuospatiales (test de figures complexes, épreuve des blocs de Corsi). Ceux qui
avaient des hallucinations visuelles complexes se sont montrés faibles au test d’essai de couleurs [color trial test] (partie A) par rapport à ceux
qui avaient des hallucinations légères. Conclusion : La psychose est associée à un dysfonctionnement cognitif qui touche plusieurs domaines
dans la MP. Les patients souffrant de cette maladie devraient donc tous être soumis à une évaluation exhaustive des fonctions cognitives, le
dysfonctionnement cognitif pouvant être un marqueur de psychose éventuelle. Il faudrait réaliser d’autres études longitudinales afin d’obtenir
un tableau plus complet du problème de la psychose dans la MP.
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Introduction

Patients with Parkinson’s disease (PD) are burdened not only with
the motor symptoms of the disease which include rest tremor, bra-
dykinesia, rigidity, and postural instability but also with a plethora
of nonmotor symptoms (NMS).1 Psychosis is one of the debilitat-
ing NMS of PD which markedly worsens the quality of life and is
linked to malignant long-term outcomes.2 Psychosis in PD usually
manifests with well-formed visual hallucinations (VH) or minor
hallucinations (MH) such as illusions and a false sense of presence
or passage.3,4 Hallucinations of the nonvisual modalities (auditory,
olfactory, tactile) and delusions are relatively uncommon and
when present, usually coexist with VH and MH.3,4 Early identifi-
cation and prompt management of PD patients with psychosis
(PD-P) are crucial as psychosis is associated with significantly
higher rates of nursing home placement, caregiver distress, health-
care expenditure, and mortality in PD patients.5,6 Although the
precise mechanism of the emergence of psychosis in PD has
remained elusive, several associations have been elucidated in the
previous studies, some of which are with older age, rapid eye move-
ment sleep (REM) behavior disorder (RBD), depression, and cogni-
tive dysfunction.7,8

The spectrum of cognitive dysfunction in PD ranges from mild
cognitive impairment to dementia.9 Previous studies have reported
that PD-P have a greater risk of developing cognitive impairment
and PD patients with cognitive impairment have a greater risk of
having psychosis, thus highlighting a close association of psychosis
and cognitive impairment in PD.10 Several studies have compared
the cognitive parameters of PD-P and PD patients with no psycho-
sis (PD-NP) and documented impairments across all the cognitive
domains in the former, more prominent in the executive domain.11

However, the criteria used for the diagnosis of PD-P were not
uniform across the previous studies. The majority of the studies
on this topic were based on small sample sizes and were published
prior to the availability of the diagnostic criteria proposed by the
National Institute of Mental Health and the National Institute of
Neurological Disorders and Stroke (NIMH-NINDS criteria).12

Moreover, the cognitive correlate of MH in PD was never the
theme of the previous studies. Hence, the current study aims to
explore the cognitive correlates of MH and VH in PD in a larger
cohort of patients who were diagnosed using the well-accepted
NINDS-NIMH criteria.

Methods

Subject Recruitment and Clinical Assessment

This study was part of a large project aimed at identifying the bio-
markers of psychosis in PD which was conducted at the National
Institute of Mental Health and Neurosciences, Bangalore, India.
Fifty-one PD-NP, 37 PD-P (with VH and/or MH), and 50
healthy controls who were matched for age, gender, years of
education, and disease duration participated in this cross-
sectional study. The Institute Ethics Committee had approved
the study, and all the subjects provided written informed con-
sent for their participation. The patients were recruited
consecutively in the general Neurology clinic and Movement
Disorders clinic of the institute. Diagnosis of PD was done as
per the United Kingdom brain bank criteria,13 and the diagnosis
of PD-P was based on the NINDS-NIMH criteria.12 We aimed
to include the patients who experienced hallucinations only in
the visual domain, that is, well-formed VH and/or MH. As men-
tioned above, this study was a component of a large project in

which PD-psychosis (PD-P) was diagnosed as per the NINDS-
NIMH criteria. However, for this study, we excluded those patients
who had nonvisual symptoms (delusion, auditory hallucinations),
yet fulfilled the NINDS-NIMH criteria (via well-formed VH and
MH). The main reason to recruit only VH/MH for this study
was to have homogeneity in terms of psychotic symptoms.

Unified Parkinson’s Disease Rating Scale (UPDRS section-III)
was used to assess the severity of the motor symptoms, and the
Hoehn and Yahr (H&Y) scale was used to estimate the stage of
PD. Hamilton Anxiety rating scale (HAM-A) and Hamilton
depression rating scale (HAM-D) were used to document symp-
toms of anxiety and depression, respectively. Assessment of the
cognition was done in the best-ON state through a battery of
neuropsychological tests described below. Table 1 summarizes
the key demographic and clinical characteristics.

Neuropsychological Assessment

Mini-Mental Status Examination (MMSE) was used as a screening
tool for cognitive impairment. As part of the initial study protocol,
only the subjects with MMSE score >25 were recruited. Later, we
used the Montreal cognitive assessment (MoCA) test for the
assessment of the overall cognitive status. Functions of several
key cognitive domains such as executive function, visuospatial
functions, memory, language, and attention were evaluated. The
standard neuropsychological tests used for the cognitive assess-
ment were color trial test (CT part A-mental speed, CT part B-
focused attention and executive function), forward and backward
digit span test (attention), stroop test (executive function), Rey’s
auditory and verbal learning test (RAVLT, for memory and learn-
ing capabilities), complex figure test (CFT, for visual memory and
visuospatial function), corsi block tapping test (visuospatial func-
tion), animal naming test (category fluency and language). Details
regarding the methods of doing the aforementioned tests are pro-
vided in the supplementary section of this article.14

Table 1: Demographic and clinical details of the subjects

Parameters PD-P (n= 37) PD-NP (n= 51) Significance

Gender (women %) 13.5 (n= 5) 13.7 (n= 7) p= 0.98

Age (in years) 58.9 ± 7.6 57.9 ± 7.0 p= 0.45

AAO of motor symptoms 52.4 ± 6.9 51.1 ± 9.8 p= 0.75

Duration of PD 6.5 ± 3.2 5.9 ± 2.5 p= 0.49

UPDRS-III (OFF) 33.9 ± 7.9 34.9 ± 8.4 p= 0.99

H&Y stage 2.3 ± 0.2 2.2 ± 0.3 p= 0.25

% with RBD 51.3 25.5 p= 0.01

HAM-A 7.9 ± 5.0 6.4 ± 4.1 p= 0.18

HAM-D 8.1 ± 5.4 6.9 ± 4.7 p= 0.38

LEDD 700.8 ± 312.0 577.3 ± 218.0 p= 0.18

on DA (%) 67.5 62.7 p= 0.64

on Amantadine (%) 29.7 15.8 p= 0.08

on MAO-BI (%) 32.4 30.7 p= 0.35

on THP (%) 37.8 8.5 p= 0.002

AAO= age at onset; DA= dopamine agonist; H&Y = Hoehn and Yahr; HAM-A = Hamilton
rating scale for anxiety; HAM-D = Hamilton rating scale for depression; LEDD= Levodopa
equivalent dose per day; MAO-BI=monoamine oxidase B inhibitor; PD= Parkinson’s disease;
PD= PD patients with psychosis; PD-NP= PD patients with no psychosis; RBD= rapid eye
movement sleep behavior disorder; THP= trihexyphenidyl hydrochloride; UPDRS= unified
Parkinson’s disease rating scale.
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Statistics

Statistical computing was done by Prism v9.0, GraphPad, LLC, San
Diego, CA, USA. For comparison of two continuous variables,
either student t-test (for normally distributed data) or Mann–
Whitney U test (when data were not distributed normally) were
used. For comparison of categorical variables, chi-square test
was employed. For comparison of means of continuous variables
of more than two groups, analysis of variance was used (parametric
and nonparametric based on the normality or non-normality of
data). Bonferroni correction was done for the multiple compari-
sons. A p-value <0.05 was considered statistically significant.

Results

Of the 37 PD-P patients, 25 had isolatedMH (21with isolated pres-
ence hallucinations, 2 with isolated illusions, 2 with a combination
of presence hallucinations and illusions). Six patients had isolated
VH, 6 had a combination of VH and MH (all with presence hal-
lucinations). Thirty-two patients had an into the psychotic symp-
toms, and 5 did not have insight (all had VH).

Based on the protocol of the project, the groups were compa-
rable for age, gender, education, and duration of PD. There were
no statistically significant differences in the UPDRS-III score dur-
ing the OFF state, H&Y stage, HAM-A score, HAM-D score, and
total levodopa equivalent dose per day (LEDD). A higher propor-
tion of patients in the PD-P group (51.3% vs. 25.5%, p= 0.02) had
symptoms of REM RBD (Table 1).

PD-P and PD-NP groups had significant differences in the per-
formances in tests assessing executive, memory, and visuospatial
cognitive domains. Of the two tests that were used for assessing
executive function, that is, CT-B and Stroop test, PD-P patients
had comparatively poor performance in CT-B. Visuospatial func-
tion assessed by two separate tests, that is, CFT and Corsi block
tapping, and the PD-P group performed poorly compared to
PD-NP in both these tests. Similarly, both learning and recall
(IR and DR) assessments done through RAVLT were impaired
in the PD-P group compared to the PD-NP. The number of errors
as demonstrated in the Figure 1 was consistently higher in the
PD-P group across all the trials in the RAVLT. On the digit span test,
only the forward span was different between the two groups (PD-P<
PD-NP). Table 2 summarizes the results of the cognitive assessments.

We further categorized the PD-P group into two – those with
MH (PD-MH) and those with VH (PD-VH). Comparison of cog-
nitive characteristics of three groups, that is, PD-MH, PD-VH, and
PD-NP, was done (Supplementary Table 1). VH and MH groups
differed only in the score of color trail part A (VH performed
poorly). In CT-B, RAVLT (IR and DR), CFT (copy, IR, DR),
and Corsi block tapping (backward), both PD-MH and PD-VH
performed poorly compared to PD-NP but there was no difference
between MH and VH. There was no difference among the three
groups in the comparison of the remaining neuropsychologi-
cal tests.

Discussion

In this study, we compared the cognitive characteristics of PD-P
and PD-NP. The principal result of this study is multimodal
cognitive dysfunction in the PD-P group. The affected domains
are executive, memory, and visuospatial. PD-VH patients had poor
performance in CT-A compared to PD-MH; otherwise, the two sub-
groups of PD-P were comparable across all other cognitive tests.

The PD-P group, as a whole, had significantly worse perfor-
mance in the CT-B which reflects the frontal executive function
(focused attention and set-shifting ability). Executive function
which usually localizes the prefrontal cortex and its connections

Figure 1: Graphical demonstration of the number of errors during Rey’s auditory and
verbal learning test (RAVLT) in PD-P and PD-NP groups. Points 1 to 5 in the X-axis
represent the five learning trials whereas points 6 and 7 represent immediate and
delayed recall, respectively. The error rate was calculated by subtracting the total
number of words (15) by the number of correct recalls for each attempt.

Table 2: Comparison of the neuropsychological parameters

Parameters PD-P (n= 37) PD-NP (n= 51) Significance

MoCA 25.8 ± 2.2 26.0 ± 2.6 p= 0.48

CT-A 85.9 ± 22.7 79.0 ± 31.3 p= 0.10

CT-B 220.0 ± 59.3 177.5 ± 51.1 p≤ 0.001

Digit span (forward) 4.7 ± 1.0 5.1 ± 0.9 p= 0.04

Digit span (backward) 3.7 ± 0.7 3.9 ± 0.7 p= 0.55

Stroop (word) 137.5 ± 39.3 136.5 ± 34.1 p= 0.90

Stroop (color) 329.0 ± 65.6 326.0 ± 118.7 p= 0.06

Stroop effect 188.0 ± 68.1 187.3 ± 101.1 p= 0.15

RAVLT-TL 44.3 ± 9.0 48.9 ± 10.8 p= 0.03

RAVLT-IR 9.8 ± 2.2 10.8 ± 2.3 p= 0.05

RAVLT-DR 7.1 ± 1.9 8.4 ± 2.6 p= 0.008

RAVLT-LTPR 64.3 ± 14.4 68.2 ± 15.5 p= 0.23

CFT-copy 30.8 ± 5.1 33.7 ± 2.0 p< 0.001

CFT-IR 20.7 ± 5.9 24.7 ± 5.6 p< 0.001

CFT-DR 17.0 ± 5.9 21.3 ± 5.6 p< 0.001

Corsi-forward 4.3 ± 0.8 4.7 ± 0.7 p= 0.02

Corsi-backward 3.7 ± 0.6 5.1 ± 0.9 p= 0.04

Phonemic fluency 22.4 ± 8.2 23.6 ± 6.1 p= 0.43

Semantic fluency 9.5 ± 2.3 10.3 ± 2.3 p= 0.09

CFT= complex figure test; CT = color trails; DR= delayed recall; IR= immediate recall;
LTPR= long-term percent recall; MoCA = Montreal cognitive assessment; PD= Parkinson’s
disease; PD-NP= PD patients with no psychosis; PD-P = PD patients with psychosis;
RAVLT= Rey auditory verbal learning test; TL= total learning.
Parameters that were significantly different between the two groups are boldfaced.
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is central in orchestrating the goal-directed activities.15 The exec-
utive functions are encompassed by certain core features which
include inhibition (resisting temptations and resisting acting
impulsively), interference control (selective attention and cognitive
inhibition), working memory, and cognitive flexibility.15 Several
neuroimaging studies have identified structural and functional
abnormalities in brain regions associated with the regulation of
executive functions.16 One of the common results from the pre-
vious functional imaging studies is increased activation of the fron-
tal regions and reduced activation in the visual cortex in the PD-P
in response to visual stimuli.17,18 This has led to the speculation
that the emergence of an aberrant top-to-down visual processing
system dominating over the usual down-to-top system is perhaps
key to the genesis of hallucinations in PD.19–21 In this context, the
possibility of a “cortical release” phenomenon has also been specu-
lated in the past which could explain the abnormalities in the exec-
utive functions in PD-P group.22

We observed significant impairment in the visuospatial func-
tion (visuospatial working memory, visual memory) in the PD-P
group. It is consistent with the previous reports of visuospatial dys-
function in the PD-P group.11 While the volumetric studies have elu-
cidated gray matter volume reduction in the visuoperceptive regions
in the parieto-occipital areas,16,23 abnormalities in the white matter
tracts which are probably associated with visuospatial functions were
shown to have abnormalities in PD-P in one of our previous studies.24

Abnormalities in theCFT andCorsi block test noted in this study pro-
vide further consolidate the role of impaired visuospatial function and
visual memory in the genesis of VH in PD. Abnormalities in the
visuospatial domain, however, are not specific to PD-P, rather it is
a cognitive abnormality that is observed in the context of VH related
to other neurodegenerative conditions such as dementia with Lewy
bodies25 and Alzheimer’s disease.26

We also noticed impairments in verbal learning and verbal
memory in the PD-P group (Figure 1). It is unclear how abnormalities
in this domain are directly related to hallucinations in the visual
domain. Previous studies, albeit using different neuropsychological
tests, have documented abnormalities in this domain in PD-P.27,28

This indicates that the cognitive domains associated with VH in
PD are not restricted to the frontal executive and visuospatial
dysfunction and possibly include temporal and limbic lobes,
areas where the most profound Lewy body pathology is associ-
ated with hallucinations.29

It is now speculated that the psychotic phenomena in PD have a
spectrum, that is, those begin with MH and subsequently if risk
factors are not treated adequately, progress to well-formed and
complex VH.Hence, it is conceivable that PD patients with a severe
form of psychosis (VH) have greater cognitive dysfunction com-
pared to those with MH. Hence, to explore the same, we compared
the cognitive characteristics of the MH, VH, and PD-NP groups
(Supplementary Table 1). This analysis showed that MH and
VH differed significantly only on the score of CT-A (VH per-
formed poorly) which is a measure of mental speed. While this
needs to be replicated in larger samples ofMH patients, assessment
of mental speed can be a focus of future studies predicting the onset
of MH in PD. In a recently published longitudinal study by Bejr-
Kasem et al.,30 there was no difference between the MH and non-
MH groups in the formal cognitive assessment; however, the MH
group had more subjective cognitive dysfunction. This highlights
the requirement of long-term assessment of PD-MHpatients to see
if they gradually develop more cognitive dysfunction or not.

The cross-sectional design is one of the major limitations of this
study. As PD is a progressive disease, it is possible that the patients

who did not have psychosis at the time of recruitment would have
developed such symptoms in the future. Hence, similar assess-
ments in a longitudinal study would provide robust information
regarding the cognitive correlates of PD-P. Although statistically
insignificant, the LEDD was higher in the PD-P group. As adverse
effects of the antiparkinsonian medications are not always dose-
dependent, it is possible that the relatively higher LEDD might
have an association with a higher incidence of psychosis. The
PD-P group also had a higher number of patients on amantadine
and trihexyphenidyl hydrochloride which are known to have an
association with psychosis. The other confounding factor is a
higher proportion of patients with RBD in the PD-P group.
While we took very careful histories related to the nature of psy-
chotic symptoms (only during wakefulness), it is theoretically pos-
sible that REM intrusion in some patients might have resulted in
visual misperceptions. RAVLT protocol in this study did not
include a recognition trial which may be considered another limi-
tation. On the other hand, the study has several strengths which
include well-matched groups, the use of the well-accepted
NINDS-NIMH criteria for the diagnosis of PD-P, relatively large
sample size, homogeneity in terms of psychotic symptoms
(included only those with a visual spectrum of hallucinations-
VH or MH), and comparison of MH and VH groups.

Conclusion

This study provides further evidence to suggest that psychosis in
PD is associated with cognitive dysfunction involving executive,
memory, and visuospatial functions. Cognitive assessments should
be done for all patients with PD-P even if scores are high in screen-
ing tools such as MoCA. Additional longitudinal studies are war-
ranted to further explore the association of cognitive dysfunction
with psychosis in PD.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/cjn.2021.507
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