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Abstract

Introduction: Neuropsychiatric symptoms are one of the most common non-motor symptoms in
Parkinson’s Disease (PD). These symptoms have a negative impact on daily living activities and
cognitive abilities. This review will be centred on published articles which focused dygictathe
cognitive and neuroanatomical features associated with the appearance of specific ceiatdgpsy
symptoms in this disease.

Methods: All articles indexed in the Web of Science and PubMed databases were reviewed for
potential inclusion in October 2014. In the first stage of the review, we identified 41sattiate
investigated neuropsychiatric symptoms and cognitive impairments in PD. In the second stage, there
were 26 published articles on the neural bases of neuropsychiatric symptoms in PD.

Results: The main findings revealed that executive dysfunctions were common in patients with
depression, apathy, Visual Hallucinations (VH), Impulse Control Disorders (l@idsanxiety.

Whereas, memory deficits were associated mainly with depressioftarichaging studies have

shown that frontal lobe atrophy was frequently observed in patients with depression, apathy, VH and
ICDs.

Conclusion: This review gives a snapshot of those cognitive and neural correlates of neuropsychiatric
symptoms in PD. Methodological shortcoming in the available studies were identified, however, of
which the most critical appeared neglecting the presence of multiple neuropsychiatric symptoms
some of the patients included in studies of specific individual symptoms. Additionally, in moss studie
only patients in the moderate to severe stages were included which limits possible inferences to the
early stage of the disease.



Highlights

o Neuropsychiatric symptoms are the most common non-motor sympiorfsrkinson’s
Disease (PD)

e The most common neuropsychiatric symptoms in PD are depression, hallucination, anxiety
and apathy

e Neuropsychiatric symptoms in PD are associated with deficits in executiveohs@nd
working memory

e Frontal atrophy or dysfunction are the most frequently detected neural correlates of
neuropsychiatric symptoms in PD



Introduction

Neuropsychiatric symptoms are common in patients Ratkinson’s disease (PD). A recent
published study reported that 89% of PD patients with dementia presented with at least one
neuropsychiatric symptoﬂ[l]. These symptoms cause impairments in daily livivigescgqual to
or more than the limitations that result from motor deficits, and may lead patientsdpaghriission

to residential car¢ [214]. Neuropsychiatric symptoms also occur even in the early stages of the disease.

Prior research has suggested that these symptoms frequently go unrecognised by cliniciansrand remai

untreatecﬂS].

It has been reported that neuropsychiatric symptoms have a negative impact on cognitive
abilities in PD patients. However, the link between the presence of specific neuropsychiatric
symptoms and specific cognitive impairments needs to be regi@swvell as gaining a thorough
understanding of the neural bases of specific symptoms, since prior studies used different
methodologies and consequently produced inconsistent findings. Existing review articlisgapich
focused mainly on a few neuropsychiatric symptoms and reviewed only either the neuropsychological
or the neural correlates of those symptoms in PD, but did not cover the range of possible symptoms
that can be observed in this disease and did not look for a parallel between brain atrophy or
dysfunction and cognitive deficits within the same sample of pa@.

The present review will cover the most common psychiatric manifestations observable in PD,
and will also attempt a comprehensive overview of their cognitive and neural aspects. More
specifically, the review will cover depression, apathy, psychosis, Impulse Control Disordes} (ICD
and anxiet]. In detail the review addresses some important issues including how specific
neuropsychiatric symptoms may affect cognitive abilities in patients wittaRiDwhat specific
regional brain atrophy or dysfunction may underlie a specific symptom in PD. The review will

highlight any limitations in the literature which might be helpful to suggest insctor future work.

Method

Articles were identified by carrying out a comprehensive review of published research papers
that have investigated the cognitive and neural correlates of neuropsychiatric symptomstia PD. T
present online literature search of the Web of Science and PubMed databases was carried out
October 2014. This search was completed in two stages; the time span for the first stage ofisearch w
from 1986 to 2014, whereas for the second stage was from 1994 to 2014. Firstly, a search for
published papers about neuropsychiatric symptoms and cognitive impairments in PD was carried out
using the following keyword®arkinson’s disease, neuropsychiatric symptoms, depression, apathy,
psychosis, hallucinations, impulse control disorders, anxiety, cognitive impairments and cognitive
decline. The initial search identified 1275 titles and abstracts. Then we excluded 217 duplicate

publications. The abstracts and full reports were reviewed to eliminate articles agctorttie



following exclusion criteria: (1) studies that did not focus on cognitivétiabil for instance some

studies were focused on other aspects such as prevalence, clinical correlates and man&)ements, (
review articles, (3) papers that did not include patients with a diagnd?i3 ¢#) the investigation of

other non-motor symptoms or other neuropsychiatric symptoms that were not specified in this review,
(5) non-peer reviewed articles and (6) articles which were not written in the Eiagigglage. In

total, 41 articles met our inclusion criteria (See figure 1 and tables 1, 2 and 3).
- Insert Figure 1 and Tables 1, 2 and 3 about here -

The second stage was to look for published articles on the neural bases of neuropsychiatric
symptoms in PD using the same key words except for the words cognitive impairments and cognitive
decline but including Magnetic Resonance Imaging (MRI), Voxel-Based Morphometry (VBM),

Single Photon Emission Computed Tomography (SPECT) and Positron Emission Tomography (PET)
instead. We identified 338 titles and abstracts, and then we excluded 43 duplicate articdsstiid

same exclusion criteria for the first stage were used for the second stage of the reviewaBpecifi
criteria 2 to 6 were used, but also articles that did not use any neuroimagingueshrad to be

excluded. After applying these exclusion criteria there were 26 studies thattevi ¢Hee figure 2

and table 4).

- Insert Figure 2 and Table 4 about here -

Results

According to Aarsland et al. [14] the overall prevalence of neuropsychiatric symptoms in PD
patients is 61%. The most common symptoms are depression (38%), hallucinations (27%), anxiety
(20%) and apathy (16.5%). The less common symptoms are euphoria (7.0%) and disinhibition (6.5%).
A more recent study [15] found that the prevalence of neuropsychiatric symptoms in earlgdntreat
PD patients was 56%. The most common symptoms reported in this study were depression (37%),
apathy (27%), sleep disturbance (18%) and anxiety (17%), whereas, psychotic symptomsnaere fou
to be very rare among untreated PD patiE”Its [15]. In PD patients with dementia the prevalence of
neuropsychiatric symptoms was found to be higher. In the Aarsland et al study, 50 out of 139 patients
were dementeﬂ14] and in a further study, Leroi I [16] reported that 96% of PD patients with

dementia presented with at least one neuropsychiatric symptom. Another study demonstrated an



association between the total Neuropsychiatric Inventory (NPI) re [17] and depressionetyd anxi
(as measured by the Hospital Anxiety and Depression e) [18] in non-demented PD patients. Also,
the presence of neuropsychiatric symptoms was independently predicted by a longer disease duration
and more severe stage of ﬂ[lQ].

1. COGNITIVE CORRELATES OF NEUROPSYCHIATRIC SYMPTOMS IN PD

1.1 DEPRESSION
Depression is the most common neuropsychiatric symptom in PD pnts [15]. It has been
10% [14, 20, 21]
Several studies have demonstrated an association between depression and cognitive impairments in
PD patients@]. There are, however, a few other studies that did not detect a significant

indicated that the prevalence rate of depression in this disease is approximat

association between depression and variance in cognitive deficit in PD (See {8i84]) [n this

disease, cognitive deficits may occur as a form of global cognitive decline or as an iempaim

specific cognitive domains. For example, some researchers have found that higher depression scores
negatively correlated with lower scores on the Mini Mental State Examination (M@ZB, 24],
(Patients included in the first study [23] had mild to severe disease stages with an agsessge di
duration of 7 years, whereas in the second study [24] patients had mild to moderate disease stages
with an average disease duration of 8.45 years), the Dementia Ratin] (In the third

of these studies [28] patients had mild to severe disease stages with an average digeasefdur

11.3 years, patients also were taking Levodopa medication), and the Wechsler Adult Intelligence
Scale ] (In this study patients had mild to moderate disease stages). However, these findings are

not in line with other studies that found no relationship between depression and overalle&ognitiv

skills in PD [22" 27] (In both these latter studies patients had mild to moderate diseage stages

Deficits of specific cognitive domains in depressed PD patients mainly involved the
impairment of executive functions, attention and memory. In terms of executive dysfusetiersl
studies have reported that patients with depression performed significantly lower than nosedepres
patients on tests of executive function including the Wisconsin Card Sort Test (T) [35],
Controlled Word Association Test-F36], Trail Making Test (TMT) (A an [37], Verbal
Fluency, Abstract Reasoning, Design Fluency Test (Free conn) [38] and the Symbol Digit
Modalities], [ZEH’ 2ﬁ, 30] . Other studies have also demonstrated that depressed PD patients had
lower scores relative to non-depressed PD patients using a variety of executive tasksee.g. Lett
Fluency, Abstract Reasoning and Card Sorting Esl;t [22], Category Fluency Test al\aﬁt[
shifting and response inhibiti 0], Frontal Assessment Battery and Stro@est [27]. As ftwr defic

in other cognitive domains, earlier studies have reported an association between depression and

poorer scores on tasks of attention (assessed by a subtest of the Dementia Rating Scale and Digit Span
Forward) [ZEH, 2], short-term memory (measured by Digit Span Forward and Bacrd) [30], and
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memory which was assessed by the Word-list recall and recognitist [22], Hopkinls Verba
Learning Test 24" 47)], a subtest of the Dementia Rating S [26] and the Pattern Recognition

Memory Task[_ZP]. In addition, another study indicated a relationship between depression and poore

performance on a range of cognitive tasks including those testing executive function (Trail Making

Test), memory (Rey Auditory Verbal Learning Test) and visuospatial skills@Rerreith Complex
Figure Test ].

Despite the amount of research which has examined the association between depression and
cognitive functions in PD, various shortcomings in these studies limit the validity of thelusions.
These limiting factors include failing to exclude patients who presented with multiple
neuropsychiatric symptomasmall number of participants in some studies and the use of screening
instruments that measure limited cognitive functions. Furthermore, prior wbriotifocus on the
early stages of the disease, most of the studies recruited patients with heterogeneousskezisyof

ranging from mild to severe stages.

1.2 APATHY

In the literature, it has been demonstrated that apathy is associated with cognitive dysfunction
15" 41" 43-5B[See table 2), depressiti)n [44"46"50" 51, 5B-56] and ay [57]. Although apathy and
depression can co-exist in PD, several studies have found that apathy may occur in isolaion in t

absence of depressiTFI|15,||45|| 4€1| 51|, SH, 56, $8-60].

Apathy in PD patients has been found to be associated mainly with executive dysftion [15,

41H 44" 44 4“), E"z ?ﬂB, 57]. For instance, Aarsland et al. [14] examined cognitive functions in PD

patients with and without dementia. Apathy was found to be significantly associated with dementia
and an executive function task, i.e. the Stroopst [14]. Other studies found that apathy was
significantly associated with executive dysfunctions, evaluated with the Executive Int ew [61] and
category and letter quen5] (In this study patients were treated with Levodogeearalerage

disease duration was 4.3 years). Dujardin and colleagues [44] evaluated cognitive functions in non-
demented PD patients (Average disease duration was 9.4 years and they were treated with Levodopa).
They concluded that after an 18 month follow-up, apathetic PD patients had more cognitive deficits,
mainly executive dysfunction (measured by the Stroop test) and were more likely to meet the criter

for dementia compared with non-apathetic PD pati@s [44]. Memory deficits have also been observed
in apathetic PD patients without dementia. These were detected with tasks of immediate free recal
short and long delay free recall, long delayed cued recall, delayed recognition (evaluated by the
California Verbal Learning Tes, and digit span backwa2] (In this study patients had mild to
severe disease stages, their average disease duration was 5.9 years and they were treated with
Levodopa). A recently published study showed that patients with akinetic-rigid type PD who

manifested apathy performed significantly worse on tasks of frontal lobe function e.g. t AB [
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letter fluenc] and interference error on the Stroop@tcbmpared with patients with tremor-
dominant type P 7].

A further study reported that in patients with PD with left-side onset (Patients had mild to
moderate disease stages, their average disease duration was 8.4 years and they were treated with
Levodopa), apathy scores significantly correlated with scores on non-verbal tasks of e.g. executive
function, assessed by the TMT (part B) and attention, measured by the Visual Symbol Search Test
. Robert and othe reported that apathy scores were negatively correlated with emotional
facial recognition scores in patients with PD. However, Robertl [67] found that apathy did not
correlate with executive functions (assessed by the Wisconsin Card Sorting Test, TMT, category and
letter fluency tests and the Stroop test) in non-demented PD patients. Other studies have reported an
association between apathy and global cognitive impairment (measured by the MMSE and the
Cambridge Examination for Mental Disorders of the Elderly part B) in PD pa 46, 50]. More
recenly published papers have found that apathetic PD patients had lower scores on tasks of frontal

functions (evaluated by the Frontal Systems Behaviour Scale and the Stropp Hesl) [68, 69] and

visuospatial functions (assessed by the Constructional Apraxia Task and the Benton Judgment of

Lines Orientation Tas 9] when compared to non-apathetic PD patients.

In the literature, studies of apathy and cognitive abilities in PD patients did not take PD
severity into account. In other words, previous studies have not explored the association between
apathy and cognitive skills in the early stages of PD, but they have taken a broad defintitéon of t
disease and included patients at different severity levels. Further, earlier studiesdtha limited
number of participants or used general cognitive measurements which do not assess a broader range
of cognitive domaindn patients with PD, the development of NPS has been frequently linked to the
F\ [T0, 71]. There are several piecenoé evi
which support the hypothesis that cognitive impairments and dementia are a consequence of the
development of NPS in general and apathy in partiar4[]lH443-4EH, 47-5HS, 12]. For instance, a
recent study [16] explored the frequency of NPS in three groups of patients with PD; patienis with

use of antiparkinsonian treatments but not to demgnt

cognitive impairment (PD-NC, n = 54), patients with mild cognitive impairment (PD-MCI, n = 48)

and patients with dementia (PDD, n = 25). Patients who showed at least one NPS were 39 (72.2%) in
the PD-NC group, 38 (79.2%) in the PD-MCI group and 24 (96%) in the PDD group. Apathy was
more frequent in the PD-MCI and PDD groups than the PD-NC group. In this study, apathy was also
significantly correlated with factors such as advanced stage of disease and dopamine agj@amidt loa

all cognitive measures used in that study (e.g. Trail Making Test, Verbal Fluency Task, Wisconsi
Card Sorting Test, 5-minute recall of 3 words and MM [16].



1.3 PSYCHOSIS

The most common psychotic symptom in PD is Visual Hallucination @) Beveral

studies have observed cognitive decline in patients with PD who haye VH([73-78] (See table 3). For

example, a study examined the presence of cognitive impairment in non-demented PD patients with
VH (Mild to moderate disease stages, average disease duration was 6.79 years, average years of PD
onset was 60.21 and all patients treated with Lovadopa). Patients with VH had significantly lower
scores relative to patients without VH in global cognitive abilities assessed by the sludnriestal
status], frontal functions, evaluated by the Stroot [65], category quen skhéoeztbck

drawing test [80] and nonverbal memory assessed by the Visual reproduction subtest of the Wechsler
memory scal%l]. However, there were no significant differences between the two PD subgroups in
visual perceptive functions measured by the Benton face recognitish{é Judgement of Line

Orientation test [83] and one of the frontal functions test which was the Wisconsin Ciamg Fest

. These results suggest that PD patients with VH might have deterioration in frontal and memory
functions ]. Moreover, a further study reported that PD patients with VH had cognitive impairment
in visual memory tasks (evaluated by the Warrington Recognition Memory for Faces),
visuoperceptive and visuospatial functions (assessed by the Benton Facial Recognition Test and the
standard drawing and multiple-choice versions of the Benton Visual Form Discrimination Test
respectively) compared with PD patients without [77] (In this study patients had mild to moderate
disease stages and treated with Levodopa). A recently published study examined cognitive decline in
non-demented PD patients with and without VH (Patients were treated with Levodopa, Dopamine
agonist and Anticholinergic medications). Results revealed that patients with VH performed
significantly lower than patients without this symptom on tasks of executive function (ewasur

the Stroop test) and delayed recall which was evaluated by the Rey Complex Fig Test [78].



1.4 IMPULSE CONTROL DISORDERS

Few studies have examined cognitive functioning in PD patients with ICDs. The cognitive

domain that appears to be mostly impaired in PD patients with ICDs is executive functioning [85-89]

(See table 3). Biundo and others [85] reported executive dysfunction in PD patients with ICDs
(Average disease duration was 8.81 years, age at onset was 53.18 and all patients treated with
dopamine agonist). This cognitive impairment specifically was found in general frontalifettieomn
(detected by the TMT part B) and in shifting abilities as measured by the TMT part B minAs par
score]. Furthermore, other studies have reported memory impairment in PD patient®wijth IC
particularly, in spatial working memory tasks assessed b§dnebridge Automated
Neuropsychological Test Batte@ (In this study the average age at PD onset was 53.49 and
patients were treated with Levodopa adbpamine agonist), short-term memory and working
memory as measured by digit span forward and backﬁd [86].

1.5 ANXIETY

Only two studies have investigated the relationship between anxiety and cognitive functions
in PD patient W| (See table 3). The first study reported that left-lateralized PD patients with
anxiety performed significantly worse than right-lateralized PD patients with anxiety omgvork
memory tasks, i.e. the digit span backward subtest of the Wechsler memocale [90]. The second
study reported that in PD patients with right-side onset, anxiety scores were significaetitedrr
with verbal deficits including verbal fluency (assessed by the Controlled Word associatidrAR,

language and memory (evaluated by the Boston Naming Test and California Verbal Learning Test

respectively].

2. NEUROANATOMICAL CORRELATES OF NEUROPSYCHIATRIC SYMPTOMS IN PD

2.1 DEPRESSION

We found 11 imaging studies that have explored the neural bases of PD patients with and

without depression using different imaging techniques [91-(84g table 4). Among these studies,

there is only one study that found no differences in brain regions between PD patients with and
without depressio@?] (In this study patients had mild to severe disease stages, aversge disea
duration was 4.9 years and age at onset was 62.6). However, other articles reported brain changes in
depressed PD patients. For instance, a recently published PET study reported that in patients with PD,
depression scores (as assessed by the Beck Depression Inventory) correlated with increased brain
metabolism in the amygda3]. Other studies have emphasised the important role of the
dorsomedial prefrontal cortex in a similar group of pati PRET study found that PD patients

with depression had decreased cerebral blood flow in the frontal cortex and in the antariatecing

cortex when compared with PD patients without depression and CIN/O VBM studies
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reported that depressed PD patients had lower grey matter density in the frontal, tenmm@pr
(In this study patients had moderate disease stage, their average disease duration was 9.9 years and
they were treated with Levodopa), in the posterior cingulate cortex and the hippo@\pus [94] (This

study included patients with mild to moderate disease stages, average disease duration was 6 years

and they were treated with Levodopa). Sheng €t al{[100] found that functional connectivity was

decreased within the prefrontal-limbic system and increased in the prefrontal cortex andyyngsial
in PD patients with depression.

A limited number of studies have investigated white matter volume in PD patients with
depression. These studies revealedRiapatients with depression had white matter reductions in the
right anterior cingulate bundle, inferior orbitofrontal regions and in thénfiefrior parietal Iob],
the frontal lobe bilaterally, possibly representing dysfunction in bilateral anterguiate bundles

, and the mediodorsal nucleus of the thalamus bilaty [95].

In summary, two VBM studies have explored the neural correlates of depression in PD
patients], but these studies have various limitations. For instance, in the Feldmarudst, al. s

PD patients were in the moderate stage of the disease (Hoehn- Yahr, 1967). The exploration of

depression in patients with early stage of PD may allow for more effective diagnosis and iist@rvent

In addition, the earlier studies did not covariate for total intracranial volume, which might have
contributed to the results of grey matter reduction. Furthermore, the authors reliedreatp

previous episodes of other neuropsychiatric symptoms in order to exclude patients who had these
symptoms. Finally, the Kostic et al. study included PD patients in the mild to moderate stages, a very
small sample size and included 8 patients who were treated with antidepressants [94]. It has been

reported that antidepressant medications activate specific brain regions which may itflaence

results of neuroimaging studies that investigate depressive symptoms [102]. For irstaetze,

analysis|[108] of fMRI and PET studies has shown that antidepressants in major depression increase

the activation of dorsolateral, dorsomedial and ventrolateral prefrontal cortices, whereasdtieract
was decreased in the amygdala, hippocampus, parahippocampal, areas, ventral anterior cingulate
cortex and orbitofrontal cortex. Therefore, it seems that the exclusion of patients who take
antidepressants is highly recommended in functional neuroimaging studies in order to have more

precise results.

2.2 APATHY

Despite the fact that apathy is probably the most frequently observed neuropsychiatric
symptom in PD patients, the neural bases of apathy in PD patients remain unclear. We found 7 studies
that have investigated the underlying mechanism of apathy in PD using a variety of imaging
techniques [4ﬁ, 5"136" 64|, 9ﬂ, 10" 104PBee table 4). A PET study investigated apathy in non-

demented PD patients (Average disease duration at surgery was 11.2 years) after deep brain
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stimulation of the subthalamic nucleus using the Apathy Evaluation Scale [105]. In this study,

positive correlations were identified between apathy scores and glucose metabolism in the frontal

lobe; whereas, apathy scores were negatively correlated with glucose metabolism in tle poste

cingulate gyrus and the frontal lope [104]. A VBM study has shown evidence that in PDelow gr

matter density in many cortical brain region within the frontal, parietal, cinguetexcorrelated

with high apathy scorO]. An fMRI study investigated the specific characteristics of,apathy
depression, and motor progression in the resting state of PD patients using the Amplitudewf the L
Frequency Fluctuation (ALFF). Higher apathy scores were associated with increased normalized
ALFF signal in the frontal and in the cingulate cortex bilaterally. Conversely, highéyazatres

were correlated with decreased activity in the supplementary motor region, the pdrigéabiad the
fusiform gyrus. Severity of depression was correlated with increased normalized ALFFrsitpeal i

cingulate, the cuneus, the lateral geniculate and the mesial frontal gyrps [101].

The involvement of the frontal and cingulate cortex has been constantly observed in PD
patients with apathy. More recent PET studies have supported this view, for instance, Report el al.
(2012) found that apathy scores correlated positively with cerebral metabolism in the/mfddle
frontal gyrus, cuneus and the insula. Negative correlations were identified between apathpsd
cerebral metabolism in the bilateral cerebellum, particularly the inferior semiainde ].A
more recent PET study in PD patients showed that apathy scores correlated with increased
metabolism in the anterior cingulate and orbitofrontal lobe bilate@y Robert et al] also
reported increased metabolism within the posterior cingulate cortex in apathetic patie P with

However, a different study did not identify any specific measure of frontotemporal atrophy tarelat
with the presence or severity of apa [45].

To our knowledge, none of the earlier studies has investigated white matter changes in
patients with PD who have apathy. However, in other neurological disorders such as Alzheimer’s
disease this point has been studied with one study reporting that apathetic AD patients had a
significantly greater amount of frontal white matter hyperintensities than noneéipa&D patients
106|.

It can be noticed from the above review that the association between apathy and white matter
volume in PD has not yet been explored. In addition, only one VBM study has investigated grey
matter volume in PD with apathy but this study had various limitations such as the inclusion of
patients with only mild apathy scores and the use of only a correlational analysis design. Indeed, there
is evidence that apathy is associated with atrophy of the frontal and cingulate corteﬂ?q.

2.3 PSYCHOSIS
Most of the earlier imaging studies that attempted to explore psychosis in patients with PD
focused on the study of visual halIucinatlIG?-llC 1(See table 4). Previous reports suggest that
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VH in PD patients can be correlated either with cortical or subcortical atfophy Bdsifically, VH

was associated with dysfunction of frontal Ic’E"W"M.—llS], temporg| Iqu [Y8, 110], cingulate
cortex [112“, 11B], hippocamplllsT 12], parahippocampal, primary and secondary visuailt:jtex [113],
thalamusl[_?i%], precuneus and cerebellati]. A VBM study investigated grey and white matter

alterations in PD patients with VH (Patients had mild to moderate disease stages, average disease

duration was 10 years, average age at PD onset 53.6 and they were treated with Lgvodopa) [113]. This

study reported grey matter reduction in the prefrontal cortex, cingulate cortex andssa@ation
areas in PD patients with VH. The same group of patients showed white matter reduction in the
parahippocamg gyrus, posterior cingulate gyrus, lingual gyrus and middle occipital gyrus when
compared with PD patients without VH. However, this study included small number of patients.
further study has reported grey matter reduction in the left frontal areas in patterifwvho have
developed VH when compared with those patients withou @] (In this study the average

disease duration for patients was 5.3 years and average age at PD onset was 63.1).

2.4 IMPULSE CONTROL DISORDERS
We found only two imaging studies that have investigated ICDs in PD peﬂé“rmlﬂ](See

table 4). The first study reported decreases in the binding potential of a dopamiaesgiintthe
ng [114] (This study included patiémts wi
mild to moderate disease stages and their average disease duration was 7.4 years). Additionally, a

ventral striatum in PD patients with pathological gamb

VBM study examined brain volume changes in PD patients with and without ICDs and healthy
controls. The Minnesota Impulsive Disorders Interview was used to assess ICDs. When compared
with controls, PD patients (with and without ICDs), had a significantly lower grey mattere/dahum

frontal Iobe].

2.5 ANXIETY
Only one recent imaging study has examined the assaociation between anxiety and brain

metabolism changes in patients with Bfee table 4). Huang et al. (2013) studied the correlation

between anxiety scores (as assessed by the Beck Anxiety Invgntory) [115] and brain metabolism in

non-demented patients with PD. This study used a Region of Inte@Bttéchnique to explore PD-
related regions e.g. the motor cortex, cingulate cortex, occipital lobe, frontal cortex,laergbel

limbic system and temporoparietal association cortex. The anxiety scores correlated with decreased
metabolism in the caudate nucleus bilaterm [93].

Discussion

Most of the prior studies reported differences in cognitive abilities between patignenai
without neuropsychiatric symptoms; these findings suggest that the presence of neurtjgsychia
symptoms can affect cognitive skills in this patient population. Particularly, signififéerences

were detected on tests that mainly assess executive functioning (e.g. inhibitory controlkamgl wor
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memory), which fit the cognitive profile of patients with frontal lobe dysfunction. Moretiver

association between neuropsychiatric symptoms and executive dysfunction has been reported in non-

demented PD patien 19, 116], again, adding to the conclusion that neuropsychiatric symptoms in

PD may be associated with specific regional frontal lobe dysfunction and might not necessarily

consequence of overall cognitive impairment.

In general, there are three core types of executive functions which seem to be repeatedly

involved and these are inhibitory control, working memory and cognitive flexibility| [LTitis T

perhaps, the inability to perform well on the tasks that assess executive functions in PBooutes
poor working memory and a lack of control over the stimuli presented to them in the context of
prefrontal cortex damage. Furthermore, the atrophy observed within the frontal circuits testobu
the manifestation of neuropsychiatric symptoms in PD, leading to poor self-control and a weak
attention span (including both behavioural and cognitive abnormalities).

In line with the above, there have been similar patterns of association observed in
neurodegeneration related to AD type pathology in experiments in which patients with MCI with

neuropsychiatric symptoms have also been studied with a comprehensive battery of

neuropsychological tests. For instance, Rosenberg and collepgug¢s [118] found that the presence of

executive dysfunction in MCI was associated with greater severity of neuropsychiapiosys1as

assessed by the NPI, specifically depression, anxiety, agitation, apathy, disinhibition, iyritaduilit

sleep disturbance. This finding is also supported by another study by Ellisop etjal [119] who reported

that the most frequent symptoms were depression/dysphoria, apathy, anxiety, irritablifyydagi

nighttime abnormal behaviour in MCI. Another stydy [[L20] showed that MCI patients with a high

number of neuropsychiatric symptoms (four or more) are more likely than patients with fewer
symptoms (up to three) to have the amnestic form of MCI, which most likely reflects the presence of
neurodegeneration leading to AD dementia. Amnestic MCI patients with more neuropsychiatric

symptoms had a greater risk of developing dementia than those with fewer symptoms.

A systematic review study of MCI patients indicated that the prevalence of neuropsychiatric
symptoms ranged from 35% to 75% with the most common being depression, apathy, anxiety and
irritability [[120-122]. These studies also reported that MCI patients with behavioural disestze

more likely to develop AD than patients without these features. Furthermore, Trived@l.

reported that neuropsychiatric symptoms (as measured by the NPI) were significantly merasdv
frequent in patients with MCI than in healthy participants, and demented patients had sidifica
more neuropsychiatric problems than MCI and healthy groups. Other studies have shown that there
was a negative association between frequency of neuropsychiatric symptoms and MMSE scores in
patients with MCI [12“, 122].
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In view of the findings of the current review and the MCI studies, it can be said that the
development of neuropsychiatric symptoms goes in parallel with cognitive decline and should be
thoroughly assessed in patients with cognitive impairment (independently of the underlying
neurodegenerative aetiology, i.e. whether due to PD or AD). These findings also raise the question of
whether treatment of neuropsychiatric symptoms in PD or MCI (due to AD) might prevent or delay

progression to dementia. Further investigations are required to address this point.

Despite the cognitive investigations were done independently from the imaging studies, a
speculative attempt can be made to integrate some of the findings from both types of study. For
instance, Starkstein et al [28] found that depressed PD patients had executive dysfunction which was
detected by the TMT. This result may reflect less brain activation in the middtelfgyrus, a
finding that was reported in the Sheng et al [100] study. This speculation is also supported by an fMRI
study that found brain activation in the middle frontal gyrus in healthy participants whilengiego
the TMT [124].In addition, the low scores on the letter fluency test found in depressed PD patients in
the cognitive studies [31, 33] could be explained by brain atrophy in the anterior cingulet¢/§y
80]. The letter fluency task requires the participant to initiate extensive sefimcheable words.

Also for this task, evidence from fMRI studies is helpful as an association between the anterior
cingulate cortex and letter fluency performance has been repeatedly reported in healthy participan
[125-127].

This review of the literature illustrates studies that have investigated tluéatissobetween
cognitive abilities and neuropsychiatric symptoms in patients with PD. However, these studies did not
control for the presence of other neuropsychiatric symptoms when they investigated a specific
symptom in patients with this disease. Prior research has provided evidence that neuropsychiatri
symptoms in Parkinson’s disease can manifest either as independent isolated symptoms or as multiple
co-occurring symptoms. In addition, there are some methodological issues that have been raised
following studies that examined specific neuropsychiatric symptoms. For instance, when examining
cognitive decline within a group of patients with a particular neuropsychiatric symptom, i is ver
important to exclude patients who experience multiple symptoms. This approach will allow a better
understanding of the possible cognitive correlates when breaking down the results for efich speci
symptom. However, most previous work did not take this issue into account. Another point is that
certain studies assess only global cognitive abilities or limited cognitive domains. Adljitipriar
investigations did not focus on the early stages of PD when examining these variables. Similar
methodological issues have been found in some published studies that have explored the brain regions

that may correlate with specific neuropsychiatric symptoms.

Future studies should take all the limitations highlighted above into account and especially
study neuropsychiatric symptoms in patients at a much earlier stage of the disease. It would also be

an advance if the presence of symptoms were ascertained by using an instrument which can detect
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also the presence of other concomitant neuropsychiatric symptoms. An instrument such as the

Neuropsychiatric Inventory [128] for example (or others with similar structure) wdaold tde

exclusion of otheco-occurring symptoms when exploring a particular feature. In addition, in most of
the available studies a limited range of cognitive abilities was assessed. Thamusatensive
neuropsychological battery to explore multiple cognitive domains could provide a clearer pfctur

the cognitive skills which might have deteriorated in non-demented PD patients who @gevelop
specific neuropsychiatric symptom or a given set of symptoms. Furthermore, cognitive and
neuroimaging studies of anxiety in patients with PD are limited. Only two studies havieexane
cognitive correlates of anxiety in @] but neither of them compared patients with anxiety
versus patients without any neuropsychiatric symptoms or healthy controls. The underlying
neurobiological mechanisms of anxiety in PD, therefore, have yet to be explored, which is something
that could add a further dimension to the investigation and clarification of the causes of
neuropsychiatric symptoms in PD.

The overall underlying mechanisms of neuropsychiatric symptoms in PD are still unclear.
Although there are several published studies which have investigated the neural correlates of
neuropsychiatric symptoms using different approaches, little is known about the strucinraténs
that may associate with these symptoms. It has been reported/Bisk approach offers a suitable
way to explore grey and white matter volume changes as it has been championed for its powerful

unbiased hypothesis testing approach across the Whole@n [129]. Finally, a combinatibn of bot

neuropsychological and more advanced imaging techniques (i.e. diffusion tensor imaging and resting
state fMRI) in exploring neuropsychiatric symptoms in the same cohort of patients with RD mig
provide a better understanding of both the cognitive and the neural breakdowns associated with the

genesis of neuropsychiatric symptoms in the early stages of PD.
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Cognitive and Neuroanatomical Correlates of Neuropsychiatric symptoms in Parkinson’s
Disease: A review
List of tables

Table 1: Summary of articles included in the review (Cognitive performance in PD with depression)

Authors NPSS Number of NPSS Cognitive domain Cognitive Impaired
participants Assessments targeted tests cognitive
performance
Taylor et al. Depression 15 PD with Beck Short-term Digit span No
(1986) [32] depression Depression memory differences
15 PD without Inventory
depression (BDI) DSM-
I
Starkstein  Depression 15 PD with major Hamilton Global cognitive ~ MMSE All
et al. (1989) depression Rating Scale  ability WCST cognitive
[28] 19 PD with minor for Executive T™MT domains
depression Depression function Digit span
44 PD without (HRSD) Attention
depression DSM-III
Troster et Depression 45 PD with BDI Conceptualisation Subtests of No
al. (1995) depressed Initiation Dementia differences
[34] 45 PD patients Construction Rating Scale
without Memory
depression
Troster et Depression 44 PD with BDI Executive WCST No
al. (1995) depressed function Digit span differences
[33] 44 PD patients Attention Logical
without Memory Memory Test
depression Immediate and part of WAIS
delayed recall Boston
Naming Test
Kuzis etal. Depression 19 PD with HRSD Executive COWAT-FAS Verbal
(1997) p5) depression function Digit span fluency
31 PD without Attention RPM Attention
depression Abstract Abstract
27 with reasoning reasoning
depression only
Cubo etal. Depression 88PD HRSD Global cognitive ~ MMSE Global
(2000) [23] ability cognitive
ability
Norman et  Depression 35PD BDI Global cognitive  DRS Global
al. (2002) ability cognitive
[26] ability
Uekermann Depression 12 PD with BDI Executive Letter Fluency Executive
et al. (2003) depression function Test dysfunction
[30] 16 PD without Memory Digit span Short-term
depression General WAIS memory
14 with intellectual Concept
depression only functioning formation
Costaetal. Depression 18 PD with major DSM-IV Global cognitive  MMSE Global
(2006) R2] depression BDI ability Word-list cognitive
21 PD with minor Memory recall and ability
depression Executive recognition Long-term
32 PD without functions Letter Fluency verbal
depression Abstract Test episodic
reasoning RPM memory
Visual-spatial Coping Rey’s  Abstract
Language figure form Reasoning
Sentence
Construction  Verbal
Test fluency
Stefanova  Depression 16 PD with major DSM-IV Global cognitive ~ WAIS Global
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et al. (2006) depression HRDS functioning RAVLT cognitive

[29] 10 PD with minor Memoty T™MT ability
depression Executive abilities Letter and Verbal
54 PD without Language Category fluency
depression Visual Fluency Tests Cognitive
organisation Boston flexibility
Naming Test  Working
Spatial memory
Working Language
Memory Test  Spatial
Pattern recognition
Recognition
Memory Test
Silberman  Depression 18 PD with DSM-IV Executive Stroop Test Response
et al. (2007) depression HRSD function inhibition
[31] 28 PD without Set-shifting
depression
Santangelo Depression 65 PD with DSM-IV Executive Stroop Tet Response
et al. (2009) depression HRSD function FAB inhibition
[27] 60 PD without Set-shifting
depression Inhibitory
control
Fernandez Depression 82 PD BDI Global cognitive ~ MMSE Global
et al. (2009) ability DRS cognitive
[24] Attention Digit span ability
Memory HVLT Word-list
Processing speed TMT delayed
Language Judgment of  recall
Executive Line Language
function Orientation
Visual-spatial Test
processing Face
Recognition
Test

NPSS: neuropsychiatric symptom&SM: Diagnostic and Statistical Manual of Mental Disorddfsvi SE: Mini Mental
State ExaminationWWCST: Wisconsin Card Sorting TesSEMT: Trail Making Test WAIS: Wechsler Adult Intelligence
Scale COWAT: Controlled Oral Word Association TedRPM: Revan’s Progressive Matrices, DRS: Dementia Rating
ScaleFAB: Frontal Assessment BatteiyVLT: Hopkins Verbal Learning Test.
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Table 2: Summary of articles included in the review (Cognitive performance in PD with apathy)

Authors NPSS Number of NPSS Cognitive Cognitive tests Impaired
participants Assessments  domain cognitive
targeted performance
Starkstein et  Apathy 45 PD AES Executive COWAT-FAS Verbal fluency
al. (1992) functions
[51]
Levy et al. Apathy 40 PD NPI Global MMSE Global
(1998) [15] 30 AD cognitive cognitive ability
28 Frontotemporal ability
dementia
22 Progressive
supra-nuclear palsy
Aarsland et  Apathy 139 PD NPI Global MMSE Global
al. (1999) cognitive Stroop Test cognitive ability
[15] ability
Executive
functions
Pluck & Apathy  45PD AES Executive Stroop Test Response
Brown (2002) functions COWAT- inhibition
[49] Category Test  Set-shifting
Verbal fluency
Isella et al. Apathy 30 PD AES Executive Letter and Verbal fluency
(2002) [45] functions Category
Fluency Tests
Zgaljardicet Apathy 32 PD AES Executive Letter and Verbal fluency
al. (2007) functions Category Attention
[53] Fluency Tests
Digit span
Dujardin et Apathy 20 PD with apathy LARS Executive Stroop Test Response
al. (2009) 21 PD without functions Letter and inhibition
[44] apathy Category Processing
Fluency Tests  speed
Verbal fluency
Reijnders et  Apathy 55 PD AES Global MMSE No correlation
al. (2010) cognitive CAMCOG
[50] ability
Butterfield et Apathy 68 PD AES Executive WCST Problem-solving
al. (2010) functions HVLT-R Word-list
[41] Memory delayed recall
Varanese et Apathy 23 PD with apathy AES Executive WCST Set-shifting
al. (2011) 25 PD without functions Digit span Working
[52] apathy Memory CVLT memory
Word-list
delayed recall
Morettietal. Apathy 103 PD NPl and AES Executive Letter Fluency  Verbal fluency
(2012) g7 functions Test Response
Stroop Test inhibition
FAB Set-shifting
Bogdanova & Apathy 22 PD AES Attention Visual Symbol  Attention
Cronin- Executive Search Test Visuospatial
Golomb functions T™MT
(2012 [57] Visuospatial Letter Fluency
Language Test
Memory RCPM
CVLT
Robertetal. Apathy 45PD AES Executive Stroop Test No correlation
(2012 [26] functions T™MT
WCST
Letter and
Category
Fluency Tests
Robertetal. Apathy 36 PD AES Emotional EFR Tak Emotional facial
(2014) o] facial recognition
recognition
Santangelo et Apathy 62 PD AES Memory Rey’s 15-word Frontal
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al. (2014) Frontal Test functions

[69] functions Stroop Test Visuospatial
Visuospatial Constructional
Apraxia Task
BJLOT
Buelow et al. Apathy 24 PD Frontal Decision lowa Gambling Decision
(2014) [68] Systems making Task making
Behaviour
Scale

NPSS: neuropsychiatric symptomA,ES: Apathy Evaluation Scal&JPl: Neuropsychiatric Inventory, ARS: Lille Apathy
Rating ScaleMM SE: Mini Mental State ExaminatiotBAM COG: Cambridge Cognitive Examinatiody CST: Wisconsin
Card Sorting TestCVLT: California Verbal Learning TesTMT: Trail Making Test, COWAT: Controlled Oral Word
Association TestRCPM: Revan’s Coloured Progressive Matrices, Scdfé\B: Frontal Assessment BatterVLT-R:
Hopkins Verbal Learning Test RevisdaFR: Emotional Facial Recognitio®®JL OT: Benton Judgment Line Orientation
Test.
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Table 3: Summary of articles included in the review (Cognitive performanc®Dbinwith
Hallucinations, ICDs and anxiety)

Authors NPSS Number of NPSS Cognitive Cognitive Tests Impaired
participants  Assessments domain cognitive
targeted performance
Grossi et al. Hallucinations 9 PD with VH DSM-IV Executive Letter and Verbal fluency
(2005) [73] 2 PD with functions Category Fluency Word-list
Auditory Learning Tests immediate
hallucination Memory Rey’s 15-word recall
3 PD with both Abstract test
types of Thinking RCPM
hallucinations
34 PD without
hallucinations
Ramirez- VH 20 PD with VH DSM-IV Global MMSE Visual memory
Ruiz et al. 20 PD without cognitive WRMF Visuoperceptive
(2007) [77] VH ability BFRT -visuospatial
Memory BVFDT 45% developed
Spatial dementia after
functions one year
Ozeretal. VH 33 PD with VH  Unified Global Short test of Global
(2007) [76] 30 PD without  Parkinson’s  cognitive Mental Status cognitive ability
VH disease ability Stroop Test Verbal fluency
Rating Scale Memory Category Fluency Set-shifting
Frontal Test Response
functions Clock Drawing inhibition
Test Verbal memory
WCST
BJLOT
BFRT
Bronnick et  VH 86 PD with NPI Executive D-KEFS response
la. (2011) dementia functions Serial7s task from processes
[74] Working MMSE
Memory Visual
Visuospatial ~ Construction Task
Attention subtest of ADAS-
Cog
Go/no-go test
Shin et al. VH 46 PD with VH  NPI Executive Stroop Test Set-shifting
(2012) [78] 64 PD without functions Rey Complex Response
VH Memory Figure Test inhibition
Delayed recall
Heppetal. VH 31 PD with VH  Scales for Executive T™MT Visuo-motor
(2013) [75] 31 PD without  Outcome in  functions Rey 15-word test speed
VH Parkinson Memory Immediate
Disease recall
Santangelo ICDs 15 PD with DSM-IV Frontal FAB Cognitive
et al. (2009) ICDs functions T™MT flexibility
[87] 15 PD without Memory Letter and Set-shifting
ICDs Abstract Category Fluency Abstract
thinking Tests thinking
WCST Delayed recall
Rey Complex Spatial planning
Figure Test
RCPM
Djamshidian ICDs 18 PD with DSM-IV Memory Digit span Working
et al. (2010) ICDs Learning Associative memory
[86] 12 PD without Learning Task
ICDs
Vitale etal. ICDs 45 PD with Minnesota  Frontal and T™MT Spatial planning
(2011) [88] ICDs Impulsive executive WCST Set-shifting
Disorders functions Stroop Test Cognitive
Interview Memory Rey Complex flexibility
Figure-Copying Inhibitory
Task control
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Rey 15-word test

Immediate and



delayed recall

Biundo et ICDs 33 PD with Minnesota  Global MMSE Set-shifting
al. (2011) ICDs Impulsive cognitive T™MT General lobe
[85] 24 PD without  Disorders abilities Rey Complex function
ICDs Interview Memory Figure Test
visuospatial Similarities Task
Abstract RCPM
reasoning Digit span
attention
Voonetal. ICDs 14 PD with DSM-IV Spatial CANTB Spatial working
(2010) B9 ICDs working Intra- memory
14 PD without memory extradimensional
ICDs Set-shifting set shifting task
Foster etal. Anxiety 59 PD State-trai Memory Digit span Working
(2010) [90] Anxiety memory
Inventory
Bogdanova Anxiety 22 PD Beck Executive COWAT-FAS Verbal fluency
& Cronin- Anxiety functions T™MT Language
Golomb Inventory Attention Digit span Immediate and
(2012) [57] Visuospatial RCPM delayed recall
Language Boston Naming
Memory Test
CVLT

NPSS: neuropsychiatric symptomgH: Visual Hallucination) CDs. Impulse Control Disorder§SM : Diagnostic and
Statistical Manual of Mental DisordefdPl: Neuropsychiatric InventonRCPM: Revan’s Coloured Progressive Matrices
MM SE: Mini Mental State ExaminatioW/RM F: Warrington Recognition Memory for Fac&FRT: Benton Facial
Recognition TesBVFDT: Benton Visual Form Discrimination Te¥4/CST: Wisconsin Card Sorting Te®JLOT:
Benton Judgment Line Orientation Te3tK EFS: Delis-Kaplan Executive Function SysteADAS-Cog: Alzheimer’s
Disease Assessment Scale-Cognitib, T: Trail Making TestFAB: Frontal Assessment BattelJANTB: Cambridge
Automated Neuropsychological Test Batte®OWAT: Controlled Oral Word Association Te&VL T: California Verbal
Learning Test.
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Table 4: Summary of articles included in the
neuropsychiatric symptoms)

review (Neuroanatomical of PD with

Authors NPSS Number of Imaging Affected brain area
participants technique
Ring et al. Depression 10 PD with PET Bilateral medial frontal cortex and
(1994) [99] depression anterior cingulate cortex
10 PD without
depression
Remy et al. Depression 20 PD PET Bilateral locus coeruleus and limbic
(2005) [98] system
Matsui et al. Depression 23 PD with diffusion tensor Bilateral anterior cingulate
(2007) [96] depression MRI (ROI) bundle
27 PD without
depression
Feldmann et al. Depression 23 PD with VBM Left inferior orbito-frontal gyrus,
(2008) [92] depression bilateral rectal gyrus and right superic
27 PD without temporal pole
depression
Cardoso etal. Depression 20 PD with fMRI Left mediodorsal nucleus of the
(2009) [91] depression ROI thalamus and medial prefrontal corte)
18 PD without
depression
Kostic et al. Depression 16 PD with VBM Right posterior cingulate cortex, right
(2010) [94] depression inferior temporal gyrus and right
24 PD without hippocampus
depression
Lietal. (2010) Depression 14 PD with diffusion tensor Bilateral mediodorsal thalamus
[95] depression MRI (ROI)
18 PD without
depression
Petrovic etal.  Depression 34 PD with MRI (White No differences
(2012) [97] depression matter
25 PD without hyperintesities)
depression
Huang et al. Depression 26 PD PET (ROI) Bilateral amygdala
(2013) [93] Apathy Bilateral anterior cingulate and
orbitofrontal lobe
Anxiety Bilateral caudate nucleus
Sheng et al. Depression 20 PD with Resting-state Left middle frontal gyrus and right
(2014) [100] depression fMRI inferior frontal gyrus, bilateral
21 PD without amygdala and lingual gyrus
depression
Isella et al. Apathy 30 PD Morphometric No correlation
(2002) [45] MRI
Le Jeune et al. Apathy 12 PD PET Right middle/inferior frontal gyrus anc
(2009) [104] bilateral posterior cingulate gyrus
Reijnders et al. Apathy 55 PD VBM Left precentral gyrus, bilateral inferior
(2010) [50] parietal gyrus, inferior frontal gyrus,
insula and right posterior cingulate
gyrus
Skidmore et al. Apathy 22 PD fMRI Right middle orbital-frontal gyrus,
(2011) [101] bilateral subgenual cingulate, left
supplementary motor regions, left
inferior parietal lobule and fusiform
gyrus
Depression Right subgenual cingulate, bilateral
cuneus, right geniculate and mesial
frontal gyrus
Robert et al. Apathy 45 PD PET Right inferior/middle frontal gyrus,
(2012) [67] cuneus, insula and bilateral cerebellu
Robert et al. Apathy 36 PD PET Left posterior cingulate
(2014) [66]
Nagano-Saito el VH 11 PD with VH PET Left superior frontal gyrus
al. (2004) [109] 8 PD without VH
Oishi et al. VH 24 PD with VH SPECT Right superior/middle temporal gyri

(2005) [110]

41 PD without VH
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Ramirez-Ruiz  VH
et al. (2008)

[77]

Ibarretxe- VH
Bilbao et al.

(2008) [108]

Shin et al. VH
(2012) [78]
Watanabe et al. VH
(2013) [113]

Pagonabarraga VH

et al. (2013)

[111]

Gama et al. VH
(2014) [107]

Steeves et al. ICDs

(2009) [114]

Biundo et al. ICDs
(2011) [85]

10 PD with VH
10 PD without VH

44 PD
46 PD with VH
64 PD without VH

13 PD with VH
13 PD without VH

17 PD with VH
29 PD without VH

39 PD

7 PD with ICDs
7 PD without ICDs

33 PD with ICDs
24 PD without ICDs

fMRI

VBM (ROI)

VBM

VBM

VBM

VBM

PET

VBM

Right inferior/middle/superior frontal
and anterior cingulate gyrus

Hippocampus (Anterior regions)

Right orbitofrontal, left temporal and
thalamic areas

Bilateral dorsolateral prefrontal cortex
left rostral prefrontal cortex, left
cingulate cortex, bilateral primary anc
secondary visual cortex and
parahippocampal

Bilateral inferior frontal cortex
precuneus, cerebellum

Left opercula frontal gyrus

Left superior frontal gyrus
Ventral striatum

Bilateral middle/superior frontal gyrus

NPSS: neuropsychiatric symptom¥H: Visual Hallucination, |ICDs. Impulse Control DisordersMRI: Magnetic
Resonance Imaging/BM: Voxel-Based Morphometrny/SPECT: Single Photon Emission Computed TomograpPi]
Positron Emission Tomographijy RI: functional Magnetic Resonance ImagiRRf)!: Region of Interest.
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Figure 1 Flow chart of study selection process (Cognitive correlates of neuropsychiatric synpten)

Titles and abstracts
identified and screened

N=1275
Excluded N= 217
> ) o
(Duplicate publications)
Excluded N=742
>
Not focused on cognitive abilities
\4
Full copies retrieved
and assessed for
eligibility N=316
Excluded N=275
> Foreign language/not evaluating
specific neuropsychiatric
symptoms
Publications meeting

inclusion criteria N= 41
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Figure 2 Flow chart of study selection process (Neural correlates of neuropsychiatric symptoms
in PD)
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