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sychosis is a characteristic neuropsychiatric symptom of Parkinson’s disease (PD) that is common and associated with worse outcomes.
The purpose of this article is to review identified risk factors for visual hallucinations in PD, the most common manifestation of psychosis.
With the possible exception of dopamine agonists, antiparkinsonian medications are only considered modifiers of psychosis in PD.
Dementia in PD has consistently been shown to be associated with psychosis, and executive dysfunction and impairment in visual processing
appear to play a role in its pathogenesis. The association of psychosis with disorders of sleep-wake dysregulation and autonomic dysfunction
supports the involvement of brainstem dysfunction in PD psychosis. Despite many studies evaluating genetic risk factors for hallucinations, GBA
mutations are the only variants consistently reported to be associated with an increased risk of hallucinations in PD. Lastly, psychosis in PD is
associated with a more severe disease burden, both related and unrelated to PD pathology. Any explanatory model of psychosis in PD must
incorporate pharmacological, neuroanatomic, pathological, and genetic factors before there can be a complete understanding of this common

and disabling neuropsychiatric symptom.
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In addition to its classic motor features, Parkinson'’s disease (PD) is associated with neuropsychiatric
symptoms, autonomic symptoms, and disorders of sleep and wakefulness. Psychosis is a characteristic
neuropsychiatric symptom of PD, most commonly manifesting as visual hallucinations. Other
manifestations of psychosis in PD include minor hallucinations (visual illusions, sense of presence,
and passage hallucinations), hallucinations in non-visual sensory modalities, and delusions.” Studies
of psychosis in PD almost always include assessment of visual hallucinations with other psychotic
symptoms variably assessed.

Hallucinations are common in PD, occurring in 74% of PD patients after 20 years of disease.?
Minor hallucinations may be present at the time of diagnosis and even precede motor symptoms.
Pagonabarraga et al. reported that 42% of de novo PD patients had minor hallucinations, and 33%
had minor hallucinations prior to PD motor symptom onset.? In addition to being common, psychosis
is also associated with worse outcomes: increased institutionalization,* decreased quality of life,s and
increased mortality.¢

Considering its prevalence and association with worse outcomes, many studies have sought to
identify risk factors for psychosis, specifically visual hallucinations. These efforts have contributed
to an improved understanding of this disabling neuropsychiatric symptom. Some risk factors,
i.e. cognitive impairment and rapid eye movement (REM) sleep behavior disorder (RBD), may
be integral to the mechanism by which psychotic symptoms emerge and have contributed
to development of explanatory models of psychotic symptoms in PD. Other risk factors likely
represent correlations arising from concomitant pathology in areas not involved in psychosis but
occurring at a similar disease stage. Lastly, multiple studies have helped to clarify the relationship
between antiparkinsonian medications, especially dopaminergic medications, and psychosis in PD.
The purpose of this article is to review risk factors for visual hallucinations in PD that have been
replicated in multiple studies.

Medications

Clinical observation supports a role for dopaminergic medications in PD psychosis: psychotic
symptoms may worsen after increasing or adding dopaminergic medications and may improve
when these medications are reduced. However, most studies evaluating the role of dopaminergic
medications in PD psychosis have shown that antiparkinsonian medication usage is not associated
with psychosis. In univariate analyses, Fenelon et al. found that levodopa dose was significantly
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higher in those with visual hallucinations than those without,” and Gibson
et al. found that levodopa equivalent daily dosage (LED) was also higher in
those with visual hallucinations.”” However, neither study found levodopa
or LED, respectively, to be an independent predictor of visual hallucinations
in multivariate regression models. Contrary to these studies, a 12-year
study found that higher LED was associated with increased future risk
of psychosis.” The overall evidence coupled with clinical experience has
led dopaminergic therapies to be considered modifiers of psychosis in
PD." Dopamine agonists may be an exception to this. Compared with
levodopa, the risk of hallucinations is greater with dopamine agonists,*
and dopamine agonists increase the risk of psychosis in PD independent
of other factors.” Other medications, such as anticholinergic drugs,”
and medical illness including delirium may elicit or worsen psychosis
in PD. For this reason, evaluation of metabolic or pharmacologic causes
of psychosis in PD is recommended as the initial treatment step for
psychosis in PD.™

Cognitive and visual impairment

Cognitive impairment is one of the most often reported factors associated
with psychosis in PD. Psychosis is consistently more common in PD
patients with dementia,”*"*2" and cognitive impairment is a risk factor
for later developing hallucinations.”»?# Based on this, many studies have
evaluated whether certain cognitive domains are preferentially impaired
in PD patients with visual hallucinations. Executive impairment is most
consistently reported to be impaired in psychotic patients with PD,%%
even in those without dementia.?# It should be noted that these studies
used different measures and assessed different aspects of executive
dysfunction. Because executive impairment is the cognitive domain most
consistently shown to be impaired in PD patients with hallucinations,
it is incorporated in most explanatory models. One of these holds that
hallucinations in PD arise from a deficit in reality monitoring due to frontal
lobe dysfunction.

Due to the primarily visual nature of psychotic symptoms in PD, many tasks
of visuospatial function have been assessed in PD psychosis. Overall, studies
have found greater impairment in visuospatial and visuoperceptual function
in PD patients with hallucinations.»#% |n addition to visual processing
impairment, PD patients with visual hallucinations have reduced visual
acuity compared with those without psychosis.®* Altogether, impairments
in visual acuity and visual processing in PD with hallucinations indicate that
visual deficits contribute to the generation of visual hallucinations.

There are conflicting results regarding whether tests of attention, memory,
and language are associated with psychosis in PD.** Explanatory models
have sought to integrate deficits in executive function and visuospatial
function into a cohesive explanatory model.? It is evident that the cognitive
deficits associated with psychosis are widely distributed and it is likely that
the interplay of these contribute to the emergence of visual hallucinations.

Sleep disorders and autonomic dysfunction

Psychosis is associated with a range of sleep disturbances in PD. A
number of studies found an association between visual hallucinations
and RBD,#%% and in one study RBD was a predictor of future psychosis.”
Additionally, compared to those without hallucinations, PD subjects with
hallucinations are more likely to have daytime somnolence,’ severe
sleep fragmentation,”® and vivid dreams.¥* Recognition of sleep—
wake dysregulation in PD with hallucinations led to the hypothesis
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that hallucinations were caused by intrusion of dream imagery into
wakefulness.® One criticism of this explanatory model is that the content
of dreams and dream imagery differ from the visual hallucinations reported
in PD. Another explanation for the association of hallucinations and
sleep-wake dysregulation is that both are caused by overlapping or
contiguous areas of brainstem dysfunction.* This idea seems to be
supported by the finding that autonomic dysfunction is also associated
with hallucinations in PD.“## In a 5-year longitudinal study, Zhu et al.
found that autonomic dysfunction was an independent risk factor for
future hallucinations.”” Autonomic dysfunction in PD is linked to pathology
of the dorsal motor nucleus of the vagus and other brainstem nuclei in
addition to dysfunction of peripheral autonomic nerves.”> Therefore, the
association of RBD and autonomic dysfunction with hallucinations supports
a role for brainstem pathology in the pathogenesis of psychosis in PD. This
is supported by a previous study that showed reduced volume of the
pedunculopontine nucleus in PD subjects with hallucinations.®

Age, duration of disease, and disease severity
Considering that psychosis in PD is a feature associated with advanced
disease, it is not surprising that longer disease duration is a risk factor for
hallucinations.”""2 Studies have also found that greater disease severity,
as measured by the Activities of Daily Living subscale of the Unified
Parkinson Disease Rating Scale (UPDRS Part Il), is an independent risk
factor for hallucinations in PD.2"23 Papapetropoulos et al. found that the
total UPDRS score was an independent predictor of visual hallucinations
in PD." There also appears to be an effect of age, independent of duration
of disease. Studies have shown that older age of onset is associated with
increased risk of hallucinations.®#4" In addition to its association with
increased risk of hallucinations, advanced age at onset is an independent
risk factor for more rapid motor decline and greater disability as
measured by the UPDRS Part Il and Schwab and England Scale.” Potential
explanations for the association between age and psychosis in PD are
the age-related increase in visual impairment, burden of comorbid iliness,
and presence of other cerebral pathologies associated with age, i.e.
Alzheimer's disease and cerebrovascular disease. The finding by Biglan
et al. that the risk of hallucinations was increased in those with greater
comorbid disease burden supports the idea that increasing comorbidities
with age are partly responsible for the increased risk of psychosis in older
PD patients.®? In summary, psychosis in PD is associated with a more
advanced and severe disease burden, both related and unrelated to PD
pathology, as evidenced by its association with greater disease duration
and increased age of onset.

Depression and anxiety

Some studies have reported an association between visual hallucinations
and depression.2#4 Gibson et al. found that depression predicted
future visual hallucinations.” While it has received less attention than
depression, two prior studies reported that anxiety was associated with
visual hallucinations.™* Whether the association between depression and
visual hallucinations is merely correlative or should imply that depression
increases risk of psychotic symptoms in PD akin to depression with
psychotic features, requires further study.

Genetic variants

Numerous studies have evaluated genetic risk factors for psychosis in
PD. They have focused on candidate genes related to neurotransmitters
and those implicated in cognitive impairment in PD. Investigations of the
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dopamine receptor and dopamine transporter genes led to inconsistent
results.”* Investigation of genes in the serotonin system showed no
association between specific polymorphisms and visual hallucinations
in PD.* For the cholecystokinin system, visual hallucinations have been
associated with a specific cholecystokinin allele® and with a combination
of cholecystokinin and cholecystokinin receptor polymorphisms,*'s but a
more recent study found no association between cholecystokinin genes
and hallucinations.*

PD patients with heterozygous GBA (glucosidase, beta, acid) mutations
have greater rates of psychotic symptoms.®* This finding is thought
to be related to more accelerated Lewy body pathology in PD patients
with GBA mutations.® Indeed, psychosis in PD has been associated with
greater cortical Lewy body pathology.?5 Two studies found an association
between APOE (Apolipoprotein E) e4 allele and hallucinations,* s while
other studies did not.#<¢ The MAPT (Microtubule-associated protein tau)
H1/H1 genotype was associated with hallucinations in one study,® while
a cross-sectional study found no association between MAPT H1/H1 and
psychotic symptoms.#* With the exception of GBA mutations, no other
genetic variants have consistently been found to be associated with
increased risk of hallucinations. Conflicting results may stem from cross-
sectional study designs or the variable and incomplete assessment of

psychotic symptoms. Longitudinal studies evaluating genetic predictors
would have an advantage over older studies and would perhaps resolve
some of the previous discrepancies.

Conclusion

Studies evaluating risk factors for psychosis in PD have identified a number
of risk factors that provide insight into its underlying mechanism. Psychosis
in PD is a manifestation of advanced disease, both related and unrelated
to PD pathology. Its association with GBA mutations underscores its
relationship with cortical Lewy bodies. Indeed, visual hallucinations are a
defining characteristic of dementia with Lewy bodies. The association of
psychosis with RBD, other disorders of sleep-wake dysregulation, and
autonomic dysfunction support the involvement of brainstem dysfunction
in psychosis in PD.* Greater cognitive impairment, specifically in the
areas of executive function and visual processing, implicate specific
regional cerebral dysfunction in the generation and impaired suppression
of psychotic symptoms. Lastly, antiparkinsonian medications modify the
presence of psychosis in PD by facilitating psychotic symptoms in some
patients. Any explanatory model of psychosis in PD must incorporate these
genetic, pathological, neuroanatomic, and pharmacological factors before
there can be a complete understanding of this common and disabling
neuropsychiatric symptom. Q
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