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Abstract In addition to motor symptoms, behavioural
complications are commonly found in patients with Parkin-
son’s disease (PD). Behavioural complications, including
depression, anxiety, apathy, impulse control disorder and
psychosis, together have a large impact on PD patient’s
quality of life. Many neuroimaging studies using PET,
SPECT and MRI techniques have been conducted to study
the underlying neural mechanisms of PD pathogenesis and
pathophysiology in relation to its behavioural complica-
tions. This review will survey these PET, SPECT and MRI
studies to describe the current understanding of the neuro-
chemical, functional and structural changes associated with
behavioural complications in PD patients.
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Introduction

Parkinson’s disease (PD) is one of the most common neuro-
degenerative disorders. Globally, PD becomes more preva-
lent with age: 428 per 100,000 people between ages 60 to
69 years have the disease compared to 1087 per 100,000
people between ages 70 to 79 years, an increase of 154%
(Pringsheim et al. 2014). PD is a debilitating disorder
characterized typically by its motor symptoms including
tremor, rigidity, slowness of movement and postural insta-
bility (Jankovic 2008). However, coupled with these motor
symptoms are behavioural complications including depres-
sion, anxiety, apathy, impulse control disorder and psychosis
(Schneider et al. 2008). It is estimated that upwards of 60%
of PD patients suffer from at least one behavioural complica-
tion (Riedel et al. 2008; Schneider et al. 2008).

The classic underlying feature of PD is the gradual loss of
midbrain neurons within the substantia nigra towards to the
striatum, leading to a significant deficit of the neurotrans-
mitter dopamine in the brain (Hirsch et al. 1988). However,
through reviews of the literature of PD (Tang and Strafella
2012) and PD with dementia (Gratwicke et al. 2015), it has
been recently established that the effects of PD are not local-
ized to specific brain regions and instead have far-reaching
effects on the whole brain. The Braak staging classification
model describes this widespread progressive degeneration
where the pathophysiological changes first occur in the
olfactory bulb and medulla oblongata, then spread rostrally
towards the brainstem, affecting the raphe nucleus, locus
ceruleus, and the reticular zone (Braak et al. 2004). In later
stages of disease progression, neocortical regions of the
brain begin to degenerate as well (Braak et al. 2004). The
primary understanding of the pathophysiology of non-motor
symptoms is based on the basal ganglia-thalamocortical
circuitry model. This model contains closely linked loop
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circuits involving the basal ganglia, thalamus and cortices
that are grouped together into motor, cognitive, associative,
orbitofrontal and limbic loops (Tang and Strafella 2012).
Neuro-chemical changes also play a role in giving rise to the
non-motor symptoms (Tang and Strafella 2012) and behav-
ioural symptoms are a critical part of PD disease pathology.

The behavioural symptoms of PD are both very distress-
ing and widespread in the patient population (Schneider
et al. 2008). Depression is one of the most common non-
motor symptoms in PD, occurring in 30-40% of PD patients
(Cummings and Masterman 1999; Kano et al. 2011), causing
a loss of pleasure and anhedonia (Antonelli et al. 2010).
Anxiety is also pervasive and occurs in 31% of PD patients,
with general anxiety disorder and phobia being common
symptoms (Broen et al. 2016). Depression and anxiety often
co-occur, possibly due to similar underlying pathophysiol-
ogy, with 14% of PD patients reporting both depression
and anxiety (Dissanayaka et al. 2010). Apathy is another
common behavioural complication which is characterized
by reduced interest and motivation in goal-directed behav-
iours, indifference towards daily tasks and lack of emotional
responsiveness (Aarsland et al. 2009). Apathy occurs in up
to 65% of PD patients and often co-occurs with depression
in 14% of PD patients (Tang and Strafella 2012). In addition
to the mood disorders that emerge, PD patients also report
psychosis and especially visual hallucinations (Aarsland
et al. 2009). Fifty percent of PD patients have some form
of visual hallucination ranging from mild to severe (Aars-
land et al. 2009). Another behavioural complication that can
arise in 30% of the PD patients is impulse control disorder
(Antonini et al. 2017). Impulse control disorder manifests
in PD patients either through excessive gambling, compul-
sive sexual behaviour, compulsive shopping or binge-eating
(Ray and Strafella 2010). The behavioural complications
may not only arise from the PD pathology, but also from
the treatments used to manage patients’ motor symptoms.
The treatments include either dopaminergic medication to
increase dopamine levels or deep brain stimulation (DBS) of
the subthalamic nucleus (STN) to reduce dopamine recep-
tor stimulation. The side effects of medications can lead to
depression, anxiety and impulse control disorder (Tang and
Strafella 2012). DBS of the STN has shown to be associ-
ated with the dopamine agonist withdrawal syndrome, a syn-
drome that frequently includes apathy along with depression
and anxiety as symptoms (Tang and Strafella 2012; Thobois
et al. 2010). These behavioural symptoms greatly reduce the
quality of life of PD patients and investigators and clinicians
must remain cognizant of their impact.

Neuroimaging techniques allow an in vivo investigation
of the underlying neural mechanisms of PD pathogenesis
and pathophysiology in relation to the behavioural compli-
cations. This paper will review the current neuroimaging
literature in regards to understanding the neuro-chemical,
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functional and structural changes associated with behav-
ioural complications of depression, anxiety, apathy, impulse
control disorder and psychosis in PD patients. It will focus
on studies performed through positron emission tomogra-
phy (PET), single-photon emission computed tomography
(SPECT) and magnetic resonance imaging (MRI) modalities
to explore this emerging topic of PD research.

Neuroimaging of PD patients with depression
and anxiety

PET and SPECT imaging studies examining depression
(dPD) and anxiety in PD patients have shown some over-
lap in neuro-chemical changes when compared to healthy
controls and PD patients without depression or anxiety.
Studies performed using radiotracers have found dysfunc-
tion of dopamine receptors (Joutsa et al. 2013), transporters
and presynaptic dopamine (Antonelli et al. 2010). In dPD
patients, SPECT studies have shown inverse relationships
between depression score and symptoms with dopamine
transporter availability in the left cingulate cortex (Frosini
et al. 2015), right caudate nucleus (Vriend et al. 2014b) and
left caudate (Di Giuda et al. 2012). However, a different
SPECT study examining dPD patients has shown a posi-
tive relationship between depression score and dopamine
transporter availability in the striatum (Ceravolo et al. 2013),
while another found increased transporter density in the left
caudate and right putamen compared to non-dPD patients
(Felicio et al. 2010). Similarly for PD patients with anxiety,
SPECT studies tracking dopamine transporters found a nega-
tive correlation—lower dopamine transporter levels in the
striatum as anxiety score increased (Erro et al. 2012; Picillo
et al. 2017). However, other studies have instead shown a
positive correlation between dopamine transporter levels and
anxiety scores in the striatum (Ceravolo et al. 2013), puta-
men and the left caudate (Moriyama et al. 2011). In addi-
tion to dopaminergic changes, there is also a dysfunction of
the serotonergic system in dPD patients. Using ['*F]MPPF,
a selective serotonin 1A receptor antagonist, the investiga-
tors found reduced uptake of the radiotracer in the limbic
system—which included the left hippocampus, right insula,
superior temporal cortex and orbitofrontal cortex (Ballanger
et al. 2012). The binding of [''C]-DASB, a radiotracer track-
ing serotonin transporter availability, was elevated alongside
increasing depression symptom scores in the limbic system
including the amygdala and hypothalamus (Politis et al.
2010)—possibly suggesting a presynaptic dysfunction of
serotonin. Other brain networks are also affected in dPD
patients, with one study finding increased brain perfusion
in the left cuneus as well as reductions in brain perfusion in
the right superior temporal gyrus, right medial superior tem-
poral gyrus, medial orbitofrontal cortex. Furthermore, dPD
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also showed reduced perfusions in the limbic region includ-
ing the anterior cingulate cortex, amygdala, hippocampus,
and parahippocampal gyrus (Kim et al. 2016). Along with
the serotonergic, dopaminergic and brain perfusion changes
in dPD, an increase in glucose metabolism was also found,
especially within the amygdala (Huang et al. 2013). Further-
more, Huang and colleagues (2013) found that PD patients
with increasing severity of anxiety had decreasing caudate
metabolism. The dysregulation of dopamine and serotonin in
PD patients is believed to play an integral role in the devel-
opment of behavioural symptoms.

Structural imaging also provides invaluable insight of
PD patients with depression and anxiety through the use
of MRI studies. Through voxel-based morphometry, dPD
showed regions of white matter loss within the right frontal
lobe including the anterior cingulate bundle and the inferior
orbitofrontal region relative to non-dPD and healthy con-
trols (Kostic et al. 2010). In another study using surface-
based morphometry, they found increased cortical areas
in the orbitofrontal region and insula in dPD compared to
non-dPD—which implicates white matter loss in these areas
(Huang et al. 2016). Luo et al. (2016) observed that with
increasing depression scores, there was a decreasing cortical
thickness in the left prefrontal cortex. A study examining
mild dPD patients showed that these patients had an intact
hippocampus, uncinate fasciculus and corpus callusum but
atrophied amygdala (Surdhar et al. 2012). However with
increasing depression, the volumes of the hippocampus was
also reduced (van Mierlo et al. 2015). There was also a nega-
tive correlation in PD patients with anxiety and amygdala
volume size (Vriend et al. 2016). Within the basal ganglia
and periventricular regions, white matter hyperintensities
were found to be higher in dPD patients compared to non-
dPD patients and controls (Petrovic et al. 2012). Together,
these studies strongly suggest the role of gray and white
matter changes in causing the behavioural symptoms in PD
patients.

Coupled with structural changes are functional changes
that contribute to the depressive complications in PD
patients. There have been no studies which have explored
the functional connectivity of PD patients with anxiety.
Recent studies found that functional connectivity was
reduced between the right amygdala and fronto-parietal
areas—including the orbitofrontal gyrus, left gyrus rec-
tus and right putamen in dPD patients (Hu et al. 2015;
Huang et al. 2015). The functional connectivity within the
prefrontal-limbic system was also shown to be decreased
(Sheng et al. 2014), while increased connectivity was
observed from the bilateral anterior insula and posterior
orbitofrontal cortices to the right basal ganglia in dPD
patients (Liang et al. 2016). While completing a task-
based fMRI study, dPD patients on dopaminergic medi-
cation showed decreased activation in the ventromedial

prefrontal cortex, however, non-dPD patients showed an
increased deactivation in the same region while off the
dopaminergic medication (Andersen et al. 2015). Using
mirrored homotopic connectivity approach, investigators
found a greater inter-hemispheric desynchronized connec-
tivity between the right and left dorsal lateral prefrontal
cortices and the calcarine cortices in depressed compared
to non-dPD patients (Zhu et al. 2016) suggesting atypical
connectivity in the brains of PD patients.

The method known as “amplitude of low frequency fluc-
tuations” (ALFF), which indexes the blood-oxygen levels
dependent (BOLD) through functional MRI (fMRI), has
been used in dPD patients to detect the spontaneous neu-
ral activity within the brain (Huang et al. 2015). Through
ALFF, a recent study found that increasing depression
scores in PD patients resulted in greater hyperactivity in
the left amygdala (Huang et al. 2015). This finding was
consistent with a PET study that demonstrated increased
glucose consumption within the amygdala of dPD patients
(Huang et al. 2013). Compared to non-dPD patients, dPD
patients showed an increase in spontaneous activity within
the orbitofrontal regions (Luo et al. 2014). However, there
was a decrease in spontaneous activity in the dorsolat-
eral prefrontal cortex, ventral medial prefrontal cortex
and rostral anterior cingulate cortex (Wen et al. 2013),
which could explain the reduced functional connectiv-
ity in the prefrontal-limbic network (Luo et al. 2014).
“Complementary ensemble empirical mode decomposi-
tion” (CEEMD) is an adaptive time—frequency analysis of
fMRI data and has been used to study dPD patients (Song
et al. 2015). With this method, reduction in the efficiency
of nodes within the basal ganglia network was observed
in dPD compared to non-dPD patients (Qian et al. 2016).
The fMRI band signals were also found to be associated
with motor and depressive symptoms within certain brain
regions in PD patients (Song et al. 2015). Both depression
and anxiety have substantial support for their importance
in PD pathology, however the nature of their etiology
remains unclear.

In summary, many neuroimaging techniques have been
applied to delineate the underlying neural substrates espe-
cially for dPD and to a lesser extent for PD patients with
anxiety. The results from these studies indicates no uniform
model for the neuropathology of dPD or PD with anxiety,
but rather a wide-range of potential causes that includes the
dysregulation of the cortico-limbic and nigrostriatal path-
ways. However, despite the pervasiveness of anxiety in the
PD population, neuroimaging in this area is under-studied.
Hence, there is a need for further exploration to better elu-
cidate the underlying pathology of PD with anxiety using
different imaging modalities including, PET, fMRI and dif-
ferent MRI sequences including diffusion tensor imaging
(DTD).
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Neuroimaging of PD patients with apathy

Converging evidence from PET imaging studies have shown
dysfunction of both the dopaminergic and serotonergic sys-
tems in PD patients with apathy (aPD). A PET study using
radiotracers tracked dopamine and serotonin presynaptic
transporters [''C]-PE2I and [''C]-DASB respectively. The
study found widespread dopaminergic and serotonergic
degeneration in aPD patients in the bilateral caudate nuclei,
putamen, ventral striatum, pallidum and thalamus. Seroto-
ninergic disruption in aPD was specifically found within the
limbic regions, including the insula, orbitofrontal and sub-
genual anterior cingulate cortices. Dopaminergic abnormali-
ties were observed in the substantia nigra—ventral tegmental
area complex (Maillet et al. 2016). In a recent SPECT study,
aPD patients showed reduced striatal dopamine transporter
density compared PD patients without apathy (Santangelo
et al. 2015). With increasing apathy severity in PD patients,
there is a decreasing performance on the emotional facial
recognition task. This study found that the apathy net-
work was associated with an increase of glucose metabo-
lism within the left posterior cingulate cortex. Conversely,
emotional facial recognition network was associated with
decreases in metabolic activity within the bilateral poste-
rior cingulate gyrus, right superior frontal gyrus and left
superior frontal gyrus (Robert et al. 2014). PD patients with
apathy showed diminished response in the amygdala, ven-
tral medial prefrontal cortex, striatum and midbrain which
are brain regions critical for representation of reward value
and goal-directed behaviour (Lawrence et al. 2011). Simi-
larly, PD patients that became apathetic following STN DBS
had impaired glucose levels prior to DBS in several limbic
regions including the insula, amygdala, subgenual anterior
cingulate and inferior frontal gyrus (Gesquiere-Dando et al.
2015) suggesting certain PD patient groups are more sus-
ceptible to acquiring aPD.

There are many structural and functional changes that
occur in aPD patients. Using ALFF, a study found increased
regional response in the middle orbital gyrus and subgenual
cingulate, but also found decreased BOLD activity in the
supplementary motor region, inferior parietal lobule and
fusiform gyrus in aPD patients (Skidmore et al. 2013).
Apathetic PD patients showed lower functional connectivity
primarily within the left-sided circuits including the limbic,
striatal and frontal regions (Baggio et al. 2015). Structural
atrophy was observed within the nucleus accumbens (Car-
riere et al. 2014), caudate nucleus (Carriere et al. 2014,
Martinez-Horta et al. 2016) and several cortical regions
including the precentral gyrus, inferior parietal gyrus, infe-
rior frontal gyrus, insula, right posterior cingulate gyrus and
right precuneus in aPD patients (Reijnders et al. 2010). In
addition, a recent study showed reduced gray matter vol-
ume in the left inferior, middle and medial frontal gyrus,
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right anterior cingulate and the left superior temporal gyrus
(Alzahrani et al. 2016).

Results from neuroimaging studies of aPD patients indi-
cates the involvement of both structural and functional
changes in the frontal, limbic and striatal areas of the brain,
along with both dopaminergic and serotonergic dysfunc-
tion. Although aPD is better studied compared to PD with
anxiety, there are still knowledge gaps in the pathology to
address at the network level, with a need to identify clusters
of brain regions critical for aPD through more advanced neu-
roimaging analysis such as graph-theory.

Neuroimaging of PD patients with impulse control
disorder

Impulse control disorders in PD patients (ICD-PD)
have been shown to be due to dopaminergic dysfunc-
tion especially within areas of the limbic and ventral
striatum—regions associated with decision making and
reward behaviours (Cerasa et al. 2014). PD patients are
at a higher risk for experiencing ICD symptoms when
patients at untreated baseline have lower dopamine
transporter availability in the right caudate (Smith et al.
2016). Furthermore, the ICD symptom severity correlated
negatively with untreated baseline dopamine transporter
availability in the right ventral and anterior-dorsal stria-
tum (Vriend et al. 2014a). An increased ventral striatal
dopamine release has been observed in ICD-PD patients
compared to non-ICD-PD patients in response to reward
cues and gambling tasks (O’Sullivan et al. 2011; Steeves
et al. 2009; Wu et al. 2015). ICD-PD patients have been
observed to have a D3 dopamine receptor reduction (Payer
et al. 2015) as well as reductions of the dopamine trans-
porter within the ventral striatum (Cilia et al. 2010; Lee
et al. 2014) and bilateral striatum (Voon et al. 2014). In
ICD-PD patients with pathological gambling addiction, an
abnormal binding potential of the extrastriatal D2 dopa-
mine receptors was found in the anterior cingulate cortex
(Ray et al. 2012). These dopaminergic changes were par-
alleled by reduced activity within the control inhibitory
networks, which included the lateral orbitofrontal cortex,
rostral cingulate region, amygdala, and external pallidum
(Van Eimeren et al. 2010). When ICD-PD patients were
tasked with making riskier choices, there was a decreased
activity within the orbitofrontal cortex, anterior cingu-
late cortex (Voon et al. 2011) and right ventral striatum
(Rao et al. 2010; Voon et al. 2011). However, when PD
patients diagnosed with pathological gambling viewed
gambling-related visual cues, there was an increase of
activity in the ventral striatum, anterior cingulate cortex,
medial and superior frontal gyri, precuneus and the right
inferior parietal lobule (Frosini et al. 2010). PD patient
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gamblers show a disconnection between anterior cingulate
cortex and cingulate gyrus. Gambling severity was associ-
ated with a dysfunction of the brain network implicated
in decision making, risk processing, and response inhibi-
tion, including the ventrolateral prefrontal cortex, anterior
and posterior cingulate cortex, medial prefrontal cortex,
insula and striatum, as observed through brain perfusion
SPECT (Cilia et al. 2011). During resting state functional
imaging, ICD-PD patients showed decreased functional
connectivity between the striatal regions, including the
left anterior putamen, and the limbic system, including
the left inferior temporal gyrus and left anterior cingulate
gyrus (Carriere et al. 2015). Another study using SPECT
to index cerebral perfusion in PD patients with pathologi-
cal gambling found resting state overactivity in regions
within the right hemisphere including the orbitofrontal
cortex, hippocampus, amygdala, insula, and the ventral
pallidum (Cilia et al. 2008). In PD patients without ICD
performing a delay discounting task, dopamine agonists
increased impulsive choices, and activated the medial pre-
frontal cortex and posterior cingulate cortex but reduced
activation in the ventral striatum (Antonelli et al. 2014),
suggesting that normal activation of these cortical regions
may prevent the manifestation of ICD-PD.

Structural changes were observed through MRI in PD
patients that gave rise to ICD compared to PD patients
without ICD. With increasing gambling symptoms in PD
patients, there was an increase in gray matter loss in the
orbitofrontal cortex and reduced degrees of gyri folding
in this region (Cerasa et al. 2014). Similarly, the cortical
thickness examined in ICD-PD patients found thinning in
the frontal striatal circuitry, specifically the right superior
orbitofrontal, left rostral middle frontal, bilateral caudal
middle frontal region and corpus callosum (Biundo et al.
2015). Conversely, two studies showed increasing cortical
thickness in ICD-PD patients within the anterior cingulate
cortex (Pellicano et al. 2015; Tessitore et al. 2016), frontal
pole (Pellicano et al. 2015) and orbitofrontal cortices (Tes-
sitore et al. 2016) compared to non-ICD-PD patients. The
white matter tract integrity in the reward-related behaviour
regions were shown to also be affected in ICD-PD patients
compared to non-ICD-PD patients (Yoo et al. 2015).

Neuroimaging of ICD-PD patients has shown network
dysregulation mainly within the striatal and limbic brain
regions. Neuroimaging studies suggest dopaminergic dys-
function to be the underlying pathology of ICD-PD, how-
ever, it remains unclear if other neurotransmitter systems
such as the serotonergic network are also involved. Addi-
tional functional imaging studies are needed to better under-
stand the complex interactions between various neural net-
works. In addition to using molecular imaging to explore
other neuro-chemical systems, there is a need for more stud-
ies to elucidate the conflicting results found in the structural

changes of ICD-PD, with some studies showing increased
cortical thickness in some brain regions while others show
decreased cortical thickness in the same region.

Neuroimaging of PD patients with visual
hallucinations

A common form of psychosis experienced by PD patients
is visual hallucination (VH-PD) which is shown to be asso-
ciated with significant neurochemical abnormalities. A
PET study with VH-PD patients found increased serotonin
2A receptor binding in the ventral visual pathway which
includes the bilateral inferior-occipital gyrus, right fusiform
gyrus, inferior-temporal cortex and prefrontal regions (Bal-
langer et al. 2010). These serotonergic changes occur along-
side reduced glucose metabolic activity within the ventral
visual pathway, including the inferior and middle temporal
cortex, fusiform gyrus and frontal regions (Park et al. 2013).
In VH-PD patients with cognitive impairment, studies have
confirmed a reduced glucose metabolic activity within the
frontal, temporal, parietal (Gasca-Salas et al. 2016; Park
et al. 2013) and occipital regions (Gasca-Salas et al. 2016).

Structural changes were also observed in the gray and
white matter of VH-PD patients compared to non-VH-PD
patients and healthy controls. The data however is more
inconsistent in this topic. A study found no differences
in gray matter volume between VH-PD and non-VH-PD
patients (Meppelink et al. 2011), while other studies found
regions within the limbic system and mesolimbic system
showing gray matter atrophy (Gama et al. 2014; Goldman
et al. 2014; Ibarretxe-Bilbao et al. 2011; Shin et al. 2012).
The atrophy in VH-PD was shown to extend to the right
parahippocampal gyrus, posterior cingulate gyrus, parietal
lobe, primary and secondary visual cortex (Goldman et al.
2014; Watanabe et al. 2013). White matter degeneration in
VH-PD patients was also found with higher diffusivity in the
posterior hippocampus (Yao et al. 2016).

Functional changes have also been observed in VH-PD
patients. An fMRI study found that when VH-PD patients
viewed flashing light stimuli, there were increased activa-
tions in the superior and inferior frontal gyrus and caudate
nucleus while reduced activation was seen in the visual
cortices (Stebbins et al. 2004). A different study using face
stimuli found that VH-PD patients showed a reduced acti-
vation in the right prefrontal regions including the inferior,
superior, middle frontal, and anterior cingulate gyrus com-
pared to non-PD-VH. However, when these patients viewed
the control stimuli, hyperactivation was observed in the
right inferior frontal gyrus relative to non-VH-PD patients
(Ramirez-Ruiz et al. 2008). Shine et al. (2014) suggests that
VH-PD patients may show decreased ability to recruit criti-
cal regions in the dorsal attention network, which includes
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the bilateral frontal eye fields, dorsolateral prefrontal cortex,
superior parietal lobule, caudal midbrain, midline pre-sup-
plementary motor area and the right parietal-occipital cor-
tex. The connectivity of the dorsal attention network with the
ventral attention network, including the anterior cingulate
cortex and insula, was predicted to decrease based on the
amount of misperceptions made in a behavioural paradigm
that measures visual hallucinations and voluntary mental
imagery (Shine et al. 2015). On the other hand, within the
default mode network, functional connectivity was increased
in VH-PD compared to non-VH-PD patients (Franciotti et al.
2015; Yao et al. 2014, 2016) leaving the role of brain con-
nectivity in VH-PD unclear.

Metabolic, structural and functional changes were
observed in VH-PD patients mainly within the frontal, lim-
bic and visual brain regions. Contrary to PD patient motor
symptoms and ICD-PD, neuroimaging studies suggest
serotonergic dysfunction to be the underlying pathology of
VH-PD. It is unclear whether the neuropathology of VH-PD
is also associated with dopaminergic changes and explora-
tion into this area would be needed. Given that functional
imaging studies have shown the recruitment of the default
mode, dorsal and ventral attention network, future studies
should use more advanced imaging analysis including graph
theory to possibly identify clusters of brain regions criti-
cally involved in VH-PD. In the similar vain, using multiple
structural and functional neuroimaging modalities may help
elucidate the discrepancies observed with structural changes
associated with VH-PD.

Conclusions

Neuroimaging studies including PET, SPECT and MRI
have provided a deeper understanding of the pathophysiol-
ogy of behavioural complications in PD patients. However,
many unanswered questions remain regarding the interac-
tion of different neural networks and how their dysregulation
causes these distressing symptoms. The lack of functional
connectivity studies on anxiety in PD is a glaring omission
in the understanding of the disease symptoms. Additionally,
future studies of the behavioural symptoms of PD should
incorporate concepts of modern neuroimaging including
graph-theory analysis which may help to identify impor-
tant behavioural hubs in the brain. An integrated approach
that includes other neuroimaging techniques is a promising
future venture to provide new ways to understand the com-
plex pathology of PD.
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