Journal of

%

Clinical Medicine

Review

Treatment of Apathy in Parkinson’s Disease and Implications for
Underlying Pathophysiology

Senan Maher *, Eoghan Donlon (7, Gerard Mullane !, Richard Walsh 2, Tim Lynch 1-3 and Conor Fearon 13

check for
updates

Citation: Maher, S.; Donlon, E.;
Mullane, G.; Walsh, R.; Lynch, T.;
Fearon, C. Treatment of Apathy in
Parkinson’s Disease and Implications
for Underlying Pathophysiology. J.
Clin. Med. 2024, 13, 2216. https://
doi.org/10.3390/jcm13082216

Academic Editors: Alejandro
Rodriguez-Molinero and

Jorge Hernandez-Vara

Received: 18 February 2024
Revised: 28 March 2024
Accepted: 5 April 2024
Published: 11 April 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Dublin Neurological Institute, Mater Misericordiae Hospital, D07 W7XF Dublin, Ireland

Academic Unit of Neurology, School of Medicine, Trinity College Dublin, D02 R590 Dublin, Ireland
School of Medicine, University College Dublin, D04 V1W8 Dublin, Ireland

Correspondence: senanmaher@mater.ie

@ N =

Abstract: Apathy is a prevalent and highly debilitating non-motor symptom of Parkinson’s disease
(PD) that is often overlooked in clinical practice due to its subtle nature. This review aims to
provide a comprehensive overview of the current evidence for the treatment of apathy in PD,
highlighting recent advancements and emerging therapeutic avenues. In this review, we analyse
a diverse array of treatment strategies for apathy in PD, including pharmacological interventions,
non-pharmacological approaches, and emerging neuromodulation techniques. We evaluate the
efficacy, safety, and limitations of established pharmacotherapies, such as dopaminergic agents,
antidepressants, and cognitive enhancers. Additionally, we examine the promising role of non-
pharmacological interventions, encompassing psychotherapies and behavioural interventions, in
ameliorating apathetic symptoms. Furthermore, this review explores the effects of neuromodulation
techniques on apathy, including the modulation of apathy via deep brain stimulation and emerging
data on the potential influence of transcranial magnetic stimulation (TMS) on apathy in PD. Ultimately,
a deeper understanding of effective treatment strategies for apathy has the potential to significantly
improve the quality of life and overall well-being of individuals living with PD.
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1. Introduction

Apathy is a syndrome consisting of diminished initiative, interest, and emotional
responsiveness that is exhibited by approximately 40% of patients with Parkinson’s disease
(PD) [1-3]. It is diagnosed when observable features such as withdrawal from daily
activities and decreased spontaneous emotion emerge in the absence of worsening motor
symptoms, psychiatric illness, or physical disability that would otherwise explain them [4].
Parkinsons disease is a progressive neurodegenerative disorder caused by cell loss in
the substantia nigra, which supplies dopaminergic innervation to the basal ganglia. In
Parkinson’s disease, apathy is associated with decreased quality of life and increased
caregiver burden, making it an important therapeutic target [5,6].

The neurobiology of apathy has not been fully elucidated, but it is believed to be
caused by dysfunction in brain networks related to motivated behaviour. Current models
of motivated behaviour suggest the existence of both a value system and a motor system,
which are under the influence of mesolimbic projections [7]. The value system, which com-
prises the ventromedial prefrontal cortex (vmPFC), ventral striatum, and rostral caudate,
determines the cost/benefit of ongoing and potential actions. This information is then
conveyed via a mediator system to a motor system, which carries out actions determined to
be beneficial. This component includes the posterior mid-cingulate cortex, dorsal striatum,
and supplementary motor area. The mediator system linking the two likely consists of
areas of the ventral striatum and anterior cingulate, areas that are strongly influenced
by dopaminergic projections from the midbrain. The observable clinical syndrome of
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apathy can be associated with the destruction of any of these areas, though the pattern of
neuronal loss varies with specific diseases [8]. Within the context of PD specifically, many
of these structures become hypofunctional or atrophied in the context of mesocorticolimbic
denervation [9].

As a psychological construct, apathy has three sub-domains: emotional, cognitive, and
behavioural [10]. Levy and Dubois proposed that apathy subdomains map onto observable
apathy subsyndromes and that these subsyndromes have specific anatomical correlates
within the network of motivated behaviour [11]. Emotional-affective apathy is characterised
by emotional indifference in the face of pleasurable events and stimuli. Patients affected by
this subtype of apathy will appear emotionally blunted in the absence of other depressive
symptoms such as sadness, guilt, or feelings of worthlessness. This subtype is linked
anatomically to the hypofunction of the orbito-medial Prefrontal Cortex (omPFC). Auto-
activation deficit is a tendency to remain in a state of inertia without external stimulation.
Affected patients need prompting to attend to activities including basic self-care or beloved
hobbies but will report experiencing enjoyment once they are engaged. This subsyndrome
arises in the context of damage to the medial PFC, basal ganglia, or globus pallidus. Finally,
cognitive apathy is characterized by an inability to plan complex actions. Patients with this
subtype of apathy will exhibit comorbid executive dysfunction in neuropsychological tests.
It is usually related to lesions of the dorsolateral PFC. Furthermore, executive dysfunction
is associated with apathy but not depression, allowing for further differentiation [12].

In a comprehensive review, Pagonabarraga et al. provided robust support for Levy
and Dubois’ subtypes within the context of PD. Additionally, they proposed that account
for apathy subtypes may help guide the choice of treatment. Cognitive apathy may be
best treated with cholinesterase inhibitors. Patients with a predominantly auto-activation
type of deficit may attain the greatest benefit from dopamine agonists. Emotional-affective
apathy ought to be targeted with dopamine agonists, methylphenidate, or serotonergic
agents [9]. Some studies have investigated which apathy sub-domains are most prevalent
in PD. Current evidence suggests that emotional-affective apathy is less prevalent in PD
than auto-activation deficit and cognitive apathy [11,13,14]. The evidence linking apathy
subtypes to specific structures and therapies continues to accumulate rapidly. However, in
current practice, apathy is still treated as a unidimensional construct. Treatment based on
apathy subtypes may become established in routine practice in the future [15].

Regardless of the complexities of the underlying pathophysiology, at a clinical level,
apathy is a highly debilitating and prevalent symptom in PD [6]. It can emerge at all disease
stages, often exists without comorbid depression, and is associated with an earlier onset of
motor symptoms and cognitive impairment [2,16]. Apathy in PD is associated with lower
premorbid educational attainment, depression, cognitive impairment, a longer disease
course, and lower dopamine agonist (DA) doses, among other things [17-19]. Apathy is
more frequent in patients with Rapid Eye Movement Sleep Behaviour Disorder (REMSBD),
and this may also constitute a significant risk factor [20]. It may be that poor sleep quality
is causally linked to apathy, or it may be that both apathy and REMSBD emerge in the
context of serotonergic dysfunction in early PD [21-23]. Regardless, at the clinical level,
apathy is under-recognized in neurological practice and frequently misdiagnosed, leading
to frustration for patients and clinicians alike [24]. When it is detected, physicians are faced
with an array of therapeutic options.

These therapies can be broadly divided into two groups: pharmacological and non-
pharmacological. The most extensively researched and commonly prescribed pharmaco-
logical treatments for apathy are dopaminergic agents (e.g., rotigotine) and cholinesterase
inhibitors (e.g., rivastigmine) [1,25]. However, the list of trialled therapies continues to
grow, and recently published studies have examined vortioxetine [26] and the experimental
compound pirepemat [27]. Non-pharmacological therapies that have shown specific bene-
fits for apathy in PD include exercise therapy and mindfulness. Within the wider context
of neurodegenerative diseases, however, numerous non-pharmacological therapies have
shown promise and may have a potential role in apathy in PD [28].
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In the continued absence of apathy-specific treatment guidelines, this review aims to
summarise the current knowledge of available therapies for this troubling symptom while
linking them to current models of the underlying pathobiology of apathy.

2. Pharmacological Therapy for Apathy
2.1. Cholinesterase Inhibitors

Rivastigmine has shown efficacy for treating PD-related apathy in addition to patient
quality of life and caregiver strain in randomized controlled trials (RCTs) [29,30]. In one
study, a significant difference in the Lille Apathy Rating Scale (LARS) was seen at six
months following initiation of rivastigmine treatment, but this difference was not sustained
at 18 months [29]. In another study on patients with Lewy Body Dementia (LBD), the
authors found that rivastigmine led to a reduction in apathy when assessed as part of the
Neuropsychiatric Inventory (NPI) at 20 weeks. Apathy was the symptom that showed the
greatest improvement among a number of neuropsychiatric symptoms [30].

Acetylcholine is involved in the modulation of the mesolimbic projections, which are
themselves key modulators of the entire system of motivated behaviour [31,32]. In other
neurodegenerative disorders, cholinesterase inhibitors may improve apathy via improving
cognitive function and planning, a function that is localized in part in the dorsolateral
prefrontal cortex (dIPFC) [33]. Therefore, in PD patients with cognitive apathy, who have
difficulty formulating a plan of action, cholinesterase inhibitors should be considered [9].

On a practical level, the use of cholinesterase inhibitors should be avoided for patients
with bradycardia or recurrent syncope [34]. Cholinesterase inhibitors may also precipitate
urinary retention in some patients and must therefore be prescribed with caution [35].

2.2. Dopamine Agonists

Several studies have examined the effect of dopamine agonists on apathy in PD [36].
In an assessment of the effect of rotigotine on Nonmotor Symptom Scale (NMSS) scores,
while the overall improvement in scores was not significant at 12 weeks, the improvement
in the apathy subdomain was significant. This result must be interpreted with caution as
the NMSS has not yet been shown to have convergent validity with respect to other apathy
measures in PD and, in fact, may not have sufficient divergent validity with respect to
depression [37]. Indeed, a follow up RCT using the LARS as a primary outcome measure
did not show a significant effect [38]. However, a shorter-duration study demonstrated
a significant benefit associated with rotigotine when apathy was assessed as a secondary
outcome using the apathy scale. Despite this mixed evidence base, dopamine agonists
remain a commonly recommended therapy for apathy in PD [39-41].

The mechanism by which dopamine might ameliorate apathy has not been elucidated
fully. The traditional view of dopamine as a “pleasurable reward chemical” has been
challenged by the observation that dopamine-depleted mice appear to exhibit their usual
hedonic behaviours when exposed to a pleasurable stimulus [42]. However, depletion
appears to make mice less likely to expend effort to obtain high-quality rewards, even if
they find such rewards enjoyable [43]. It may therefore be that the mechanism of dopamine
repletion in treating apathy consists of facilitating the ability to expend effort in order to
carry out pleasurable behaviours; however, this is speculative. Given the importance of
phasic dopaminergic stimulation upon receiving a reward, one might expect that immediate-
release formulations could have a distinct effect on apathy compared with more prolonged
release formulations such as rotigotine; however, this has not been studied to date. It is
not clear whether or not dopamine agonists are more efficacious than levodopa in treating
apathy. Dopamine agonists certainly are more likely to induce impulse control disorder
than levodopa, so it may be the case that they have a differential effect on apathy also. The
difference in effect is thought to be explained by differential affinity for dopamine receptors,
with dopamine agonists having greater affinity for D3 receptors than levodopa [44,45]. In a
validated lesional model of PD, only D3 agonism was shown to improve the motivational
deficits induced by the destruction of the substantia nigra [46]. Hence, PD patients with
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apathy predominantly defined by an auto-activation deficit should be preferentially trialled
on dopamine agonists [16,47].

Co-prescription of dopamine agonists to patients with established PD may necessitate
down-titration of their levodopa dose. Patients on dopamine agonists may experience
central dopaminergic side effects such as dyskinesia, nausea, and hallucinations along with
peripheral dopaminergic side effects such as hypotension and drowsiness [48].

2.3. SSRIs

Only one study assessed the association between Selective Serotonin Reuptake In-
hibitor (SSRI) treatment and apathy scores with respect to PD patients. In total, 55 patients
were randomized to receive either open-label SSRIs (paroxetine or escitalopram) or an SNRI
(duloxetine) [49]. This study was not placebo-controlled, and both groups showed modest
but not statistically significant reductions in their apathy scores. Trials assessing SSRIs as a
treatment for apathy pertaining to other neurodegenerative diseases have mostly failed to
demonstrate a significant effect [1]. However, one trial involving patients with Alzheimer’s
disease did show a significant reduction in apathy when citalopram was added to meman-
tine therapy [50]. In PD, SSRIs are certainly helpful in treating depression, which is often a
comorbidity of (but distinct from) apathy [51]. Given the symptom overlap between apathy
and depression, apathy scores may appear to improve somewhat if measured with a scale
with low divergent validity with respect to depression [52].

SSRIs may be best targeted towards those with emotional-affective apathy that has
been mapped to the mesocorticolimbic circuits comprising “the reward pathway” [16].
Serotonin uptake reduction along this pathway has been shown to be proportional to the
degree of apathy (as measured using the LARS), suggesting that therapies that increase
serotonin may play a role.

SSRIs are generally well tolerated by patients. Side effects include QTc prolonga-
tion, sexual dysfunction, and hyponatremia. However, particular caution must be taken
when prescribing SSRIs to a patient with PD as they may also have been prescribed a
MAO-B inhibitor such as selegiline as a co-prescription, potentially precipitating serotonin
syndrome [53].

2.4. Memantine

One trial assessed the effect of memantine on apathy in PD as measured using the
NPI [54]. The trial did not demonstrate a significant effect compared with a placebo,
although a significant placebo effect was noted. Individual studies on Alzheimer’s disease
have demonstrated positive results with respect to apathy; however, a meta-analysis of
available data concluded that there was no effect [55].

The mechanisms by which memantine might ease apathy are currently unknown.
Memantine is an N-methyl-D-aspartate (NMDA) channel antagonist that can improve
cognitive function in cases of dementia [56]. Memantine may exert its effects on apathy
indirectly via improvements in cognitive function; however, this is speculative. Memantine
is generally well tolerated by people with PD and continues to be used to target cognitive
impairment, although high-quality evidence for its efficacy in this domain is also lack-
ing [57]. The dose must be adjusted in the case of renal impairment. Commonly reported
side effects include dizziness and headache [58].

2.5. Methylphenidate

Methylphenidate leads to increases in motivated action even in non-clinical popula-
tions and is considered promising for the treatment of apathy in disorders such as PD and
Alzheimer’s disease [59]. In one study, apathy was assessed as a secondary outcome in a
trial of methylphenidate for treating gait freezing and instability in PD [60]. It showed a
non-significant change in LARS apathy scores at 3 months; however, the researchers noted
that seven of the patients assigned to methylphenidate showed a significant improvement.
Further case-report data have shown a significant improvement in apathy for patients
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with PD [61]. Methylphenidate is a dopamine and catecholamine reuptake inhibitor that
increases concentrations of these neurotransmitters in both the striatum and medial PFC,
key areas in the network of motivated behaviour [62]. However, there appears to be a
U-shaped dose-response relationship, with both very low concentrations of catecholamines
and very high concentrations being associated with decreased prefrontal cortical connec-
tivity [63]. Additionally, methylphenidate may improve neuronal integrity. In one case,
such an improvement in neuronal integrity in the frontal lobes was demonstrated to be
accompanied by clinical improvement in apathetic symptoms [64]. Further trials on the
use of methylphenidate for treating apathy in PD are planned [65]. On a practical level,
clinicians must exercise caution when prescribing methylphenidate to patients with PD. It
may not be prescribed concurrently with monoamine oxidase inhibitors (MAQis), and it
must also be avoided in cases of severe hypertension, which may apply for PD patients
with autonomic dysfunction [65]. Methylphenidate is also known to infrequently precipi-
tate psychosis in adolescent populations, and clinicians must therefore be cautious when
prescribing it to PD patients with a history of psychotic symptoms.

2.6. Vortioxetine

A recent single-arm open-label study, the VOPARK study, evaluated vortioxetine as a
therapy for depressive symptoms suffered by PD patients who concurrently met diagnostic
criteria for major depressive disorder. The investigators found that as well as improving
mood, there was a significant effect on apathy as measured using the apathy scale [26].
While we could not find any further studies that evaluate the effect of vortioxetine on
apathy, one trial found a significant short-term effect on anhedonia. There is significant
overlap between apathy and depression; in particular, it would appear that apathy and
the depressive subdomain of “anhedonia” may not be entirely distinct and could share
common neural mechanisms [66]. Further studies have demonstrated that vortioxetine
may have greater efficacy than other SSRIs and SNRIs with respect to the apathy-related
construct of “emotional blunting” [67].

Vortioxetine has a unique pharmacological profile. In addition to its activity as a
serotonergic agent, it is also known to be active in dopaminergic and catecholaminergic
neurotransmission [68]. While it is not known how vortioxetine may exert its effect within
the network of motivated behaviour, it may be active at multiple sites given its diverse
psychopharmacological profile. Additionally, we may speculate that the observed effects
on the related constructs of anhedonia and emotional blunting imply that it would be
prudent to prioritize vortioxetine for use in patients with emotional-affective apathy in
future studies.

Vortioxetine is generally well tolerated and appears to have fewer sexual side effects
than other antidepressants [69]. As with SSRIs, vortioxetine may not be prescribed with
MAGQISs due to the risk of serotonin syndrome.

2.7. Pirepemat (IRL-752)

Pirepemat is a novel small-molecule compound classified as a cortical enhancer,
demonstrating regioselective potentiation of cortical norepinephrine, dopamine, and acetyl-
choline [70]. A phase 2b RCT demonstrated the safety and tolerability of pirepemat for
treating PD, with a significant reduction in apathy severity scores as measured using the
NPI at 4 weeks [27]. The authors speculate that this therapeutic effect may be mediated via
effects on cortical norepinephrine. The simultaneous improvement in cognitive function
might suggest that pirepemat plays a role in cognitive apathy. Its role in other apathy
subtypes is yet to be clarified. Pirepemat was generally well tolerated, although transient
elevations of liver enzyme levels were seen in some patients. Further trials of pirepemat
are planned [71].
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2.8. Other Pharmacological Therapies Trialled for PD

MAQIs have so far failed to demonstrate a significant effect on apathy in PD, although
a number of studies showed a trend towards improvement, which may warrant further
exploration [72,73]. Atomoxetine therapy for treating PD showed a trend towards improved
cognitive function but did not result in a significant improvement in neuropsychiatric
symptoms, including apathy [74].

2.9. Conclusions

There are numerous available pharmacological options for the treatment of apathy
in PD; however, none have shown a clear advantage over the rest. It may be that each
treatment is best targeted towards a specific apathy subtype. Future trials that select patients
based upon the pathophysiological mechanism of apathy may demonstrate more success.

3. Non-Pharmacological Therapy for Apathy

A broad range of nonpharmacological therapies have been trialled to treat apathy
across the spectrum of neurodegenerative disorders [28]. In PD specifically, both mindful-
ness interventions and a variety of exercise programmes may have benefits [75]. However,
s patient’s ability to engage in exercise interventions is dependent upon their mobility,
while impaired cognitive ability may limit meaningful involvement in mindfulness pro-
grammes. Recent research has focused on the effect of music therapy and transcranial
magnetic stimulation, which hypothetically could be used to treat patients with more
advanced disease.

3.1. Mindfulness Interventions

Mindfulness has been defined as “paying attention in a particular way, on purpose, in
the present moment, and nonjudgmentally” [76]. Mindfulness-based interventions seek to
cultivate this skill among patients and integrate it into their daily lives. In practice, these
interventions often take the form of either Mindfulness-Based Stress Reduction (MBSR) or
Mindfulness-Based Cognitive Therapy (MBCT) [77].

One trial recruited 34 PD patients and several of their carers to partake in an eight-week
pilot study in which they delivered a mindfulness programme modelled on MBSR [78].
The intervention consisted of once-weekly group sessions of mindfulness education and
practice followed by a half-day mindfulness retreat. This pilot study did not demonstrate a
significant improvement in apathy as measured using the apathy scale and, furthermore,
suffered from a high attrition rate (25%). Another pilot study examined a group-based
mindfulness training intervention involving 14 PD patients, but no significant difference in
apathy levels was demonstrated in their post-intervention assessment [79].

From a neurobiological perspective, mindfulness meditation is most commonly linked
with changes in structure and activity in the anterior cingulate cortex [80]. This area is
one of the primary connecting pathways between subcortical structures and wider cortical
areas in the network of motivated behaviour; additionally, hypofunction here is associated
with all major apathy subsyndromes [7,9], Mindfulness interventions may not be suitable
for PD patients with cognitive impairment.

3.2. Exercise Interventions

Increased exercise levels among PD patients are associated with a decreased rate of de-
cline in a number of important domains, including postural stability and mental processing
speed [81]. Therapeutic exercise interventions are known to promote neuroplasticity and
neuronal repair in PD patients [82]. One study demonstrated that an exercise intervention
improved dopaminergic function in nigrostriatal and mesolimbic pathways when assessed
using functional neuroimaging [83]. Several studies have examined the effects of a variety
of exercise-based interventions on clinical apathy scores. Some interventions, including
dance interventions [84,85] and Nordic walking [86], were associated with improvements in
apathy scores. However, other forms of dance [87], agility training [88], circuit training [89],
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boxing [90], and table tennis [91] interventions showed no differences. Technologically
enhanced exercise interventions have also been trialled for use in PD and may hold promise
in the treatment of apathy [92]. It is unclear why some exercise interventions appear to be
effective while others do not. All the studied interventions were complex, and it can be
difficult to isolate the effects of exercise itself. Many exercise interventions contain social el-
ements and elements of behavioural activation, among others, which may have an indirect
impact on apathy. On a practical level, exercise interventions can be difficult to implement
in a healthcare system due to resource and staffing constraints, among others [93]. Apathy
itself is also a significant barrier to participation in exercise programmes in the context of
PD [94]. It may therefore be that the patients in greatest need of this therapy are the least
likely to be able to engage with it.

3.3. Behavioural Activation

Behavioural activation therapy encourages patients to analyse their own behaviours
and the environments in which they arise. Therapists help to create activity plans and
schedules that will lead to encounters with positively reinforcing environments. These, in
turn, will lead to more positive behaviours [95]. Unlike Cognitive Behavioural Therapy
(CBT), the main focus is upon observable behaviour rather than thoughts and feelings,
which are not accessible to an outside observer. One group adapted a brief behavioural
activation programme that had been designed for use on depressed patients and delivered
it to 27 patients with PD [96]. They found a significant effect on apathy scores as measured
using the LARS, and it was sustained at 1 month post-intervention. Functional neuroimag-
ing studies have shown increased activation of the medial prefrontal cortex in response
to behavioural activation therapy [97]. This area is implicated in both auto-activation
deficits and emotional-affective apathy. However, given that behavioural activation ther-
apy encourages the creation of environmental prompts and positively reinforcing external
environments, it may be that patients with auto-activation deficits should be preferentially
targeted with this therapy. Psychotherapists’ widespread use of this therapeutic approach
for treating depression may suggest utility for emotional-affective apathy as well.

3.4. Music Therapy

A pilot study examined virtual music therapy as a treatment for apathy for patients
with PD [98]. The patients participated in an online music class weekly for 12 weeks and
took part in vocal exercises, rhythmic drumming, and group singing. The 16 participants
presented a significant reduction in apathy scores post-intervention. This study was limited
by its lack of a control group, but controlled studies on other neurodegenerative disorders
have also demonstrated positive results [99]. Furthermore, music therapy may deliver
benefits beyond improvement in apathy including effects on depressive and behavioural
symptoms of dementia [100]. It is not yet clear how music therapy might fit into the
network of motivated behaviour or if it may be targeted towards specific apathy subtypes
in the future. Further controlled studies in this area are warranted.

3.5. Transcranial Magnetic Stimulation

High-frequency Transcranial Magnetic Stimulation (TMS) has been shown to effec-
tively modulate excitatory cortical neuronal activity, although the neuropsychological
effects of TMS remain somewhat controversial. One study investigating TMS for apathy
demonstrated that TMS applied over the right dorsolateral prefrontal cortex (DLPFC) is
beneficial for emotional processing in both apathetic and non-apathetic PD patients. Apa-
thy was measured using specific event-related potentials reflecting emotional response to
visual stimuli and facial expressions [101]. Dopaminergic denervation in the dorsolateral
prefrontal cortex has been identified in other studies as a neural correlate for apathy in
PD [102]. A recent meta-analysis of 12 randomised control trials of repetitive TMS for
treating both motor and non-motor symptoms in PD demonstrated high-frequency rTMS
applied to the dIPFC improved depressive symptoms compared to a placebo, but it did
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not specifically look at apathy as an outcome [103]. Overall, there is a growing body of
literature supporting the use of TMS as an adjunct therapy for apathy for patients with
neurodegenerative conditions, but the evidence regarding PD-related apathy is not as
strong as it is for other conditions like Alzheimer’s disease, and further large trials are
needed [104].

3.6. Deep Brain Stimulation

Further insights into the pathobiology of apathy may be gained from studies on PD
patients undergoing deep brain stimulation (DBS), although the effect is variable. Apathy
is a relatively frequent observation following deep brain stimulation of the subthalamic
nucleus(STN-DBS) for PD [9]. Neurostimulation of the subthalamic nucleus (STN) mimics
the best “ON” motor effects of dopaminergic therapy, and therefore dopaminergic medica-
tions are usually reduced in the early postoperative period. This complicates attempted
mechanistic explanations of the observed apathy. However, a meta-analysis of apathy
post-STN-DBS demonstrated a significant increase in apathy scores, and this effect was
independent of tapering dopaminergic medications [105]. Anatomically, the STN has
motor, associative, and limbic subdivisions, with dysfunction in associative and limbic
networks thought to underlie DBS-related apathy. In one study, investigators utilised a 7T
diffusion-weighted MRI to identify these STN subdivisions and their respective cortical
projections. They found that in patients with postoperative apathy, active leads were more
often placed in regions with a higher density of projections to associative cortical regions
and lower the density of projections for motor regions [106]. An increase in apathy scores
also correlates with greater dorsolateral lead placement [107]. Despite these anatomical
correlations, some studies have shown no difference between apathy scores among PD
patients who undergo DBS surgery and those who do not [108].

Rapid withdrawal of dopamine agonists after starting DBS can be associated with
“dopamine withdrawal syndrome”. This consists of a triad of apathy, anxiety, and depres-
sion. Apathy secondary to drug withdrawal tends to occur almost immediately within
days of dose reduction/drug cessation [109]. Separately, apathy may develop secondary
to chronic stimulation. This often arises 4-5 months post-implantation and is thought to
be due to the plastic effects of chronic stimulation [109]. The only consistently identified
risk factor for postoperative apathy is the presence of preoperative non-motor fluctuations
suggesting a pre-existing dysfunction of mesocortical and mesolimbic pathways. In ad-
dition to new-onset apathy, the effect of DBS on pre-existing apathy has been explored.
However, the results are conflicting, and it is possible that this conflict is explained by
different underlying mechanisms of the observed apathy syndrome [110].

3.7. Conclusions

The natural diversity of non-pharmacological therapies often makes drawing general
conclusions difficult. The case for the current literature on non-pharmacological approaches
for treating apathy in PD is no different. Large, well-designed studies are clearly needed,
but, again, patient selection will be important to demonstrate intervention-specific effects
rather than indirect effects of social engagement, which are inherent to many of these
therapies. Non-pharmacological studies are limited by setup cost and can be difficult to
integrate into routine practice. Further evidence of effects is needed.

4. Interpretation

No existing therapy has shown overwhelming evidence regarding the successful treat-
ment of apathy in PD. The existing literature on pharmacological treatments is limited in a
number of ways. Firstly, the existing scales used to measure apathy vary in their sensitivity
to apathy. For example, the Unified Parkinsons Disease Rating Scale (UPDRS) was used in
several studies despite its insensitivity to apathy compared with other scales [111]. Other
scales, such as the apathy scale, fail to capture the multi-dimensional nature of apathy,
meaning that trialled therapies cannot be evaluated with reference to the predominant
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subtype observed in a study [112]. Validated, multi-dimensional scales such as the Lille
Apathy Rating Scale may be optimal for future studies [113]. A second limitation expressed
in the existing literature is that most studies were of a short duration. Few studies assessed
whether or not a therapeutic effect was sustained over a long period, and those that did
reported negative results. Thirdly, many studies assessed apathy as one of numerous
secondary outcomes rather than as a primary outcome. This decreases the likelihood that
the observed effects reflect reality.

The literature on nonpharmacological treatments for apathy in PD is also limited. The
corresponding interventions were typically complex, making it difficult to assess which
elements may be helpful in treating apathy. These interventions were also often resource-
intensive, meaning they may not be useful in resource-poor settings. Furthermore, many
interventions required a significant amount of patient engagement, meaning they would
be restricted to PD patients with relatively mild disease.

5. Future Directions

Several therapies, both pharmacological and nonpharmacological, have been demon-
strated to be potentially suitable for apathy. Future well-designed studies may further
support the integration of one or several of these therapies into routine care. The move
to a more dimensional view of apathy may also be transformative. In future, therapeutic
trials must be targeted towards suitable patients depending upon their apathy subtype
so that appropriate medications can be trialled in groups of patients whose underlying
pathophysiology should lend itself to pharmacological targeting. In this way, a move to a
more personalized approach to treating apathy can be undertaken, but large studies are
likely needed.

There is no evidence suggesting that DBS can be used as an effective treatment for
apathy. However, emerging evidence suggests that precise targeting may improve the
treatment-related apathy syndrome sometimes seen with STN DBS. Non-invasive forms of
neuromodulation such as TMS show early evidence of efficacy, but larger trials are needed
to verify these preliminary findings. There are a number of promising signs.

Author Contributions: Conceptualization: S.M., E.D., RW.,, T.L. and C.E; Methodology: S.M., E.D.,
R.W,, TL. and C.E; Original Draft Preparation: S.M., and E.D.; Review and Editing: S.M., E.D., G.M.,,
R.W.,, T.L. and C.F. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The authors would like to acknowledge the support of the staff at the Dublin
Neurological Institute.

Conflicts of Interest: The authors declare no conflict of interest.

1. Bria, M,; Shinia, V.; Jayna, H.-L.; Zahinoor, I.; Tamara, P.; Zahra, G. Diagnosis, treatment and management of apathy in Parkinson’s
disease: A scoping review. BM] Open 2020, 10, e037632.

2. den Brok, M.G,; van Dalen, ].W.; van Gool, W.A.; Moll van Charante, E.P; de Bie, R.M.; Richard, E. Apathy in Parkinson’s disease:
A systematic review and meta-analysis. Mov. Disord. 2015, 30, 759-769. [CrossRef]

3. Pedersen, K.F; Larsen, J.P.; Alves, G.; Aarsland, D. Prevalence and clinical correlates of apathy in Parkinson’s disease: A
community-based study. Park. Relat. Disord. 2009, 15, 295-299. [CrossRef] [PubMed]

4. Miller, D.S,; Robert, P.; Ereshefsky, L.; Adler, L.; Bateman, D.; Cummings, J.; DeKosky, S.T.; Fischer, C.E.; Husain, M.; Ismail, Z.;
et al. Diagnostic criteria for apathy in neurocognitive disorders. Alzheimer’s Dement. 2021, 17, 1892-1904. [CrossRef] [PubMed]

5. Leiknes, I.; Tysnes, O.-B.; Aarsland, D.; Larsen, J.P. Caregiver distress associated with neuropsychiatric problems in patients with
early Parkinson’s disease: The Norwegian ParkWest study. Acta Neurol. Scand. 2010, 122, 418-424. [CrossRef] [PubMed]


https://doi.org/10.1002/mds.26208
https://doi.org/10.1016/j.parkreldis.2008.07.006
https://www.ncbi.nlm.nih.gov/pubmed/18801696
https://doi.org/10.1002/alz.12358
https://www.ncbi.nlm.nih.gov/pubmed/33949763
https://doi.org/10.1111/j.1600-0404.2010.01332.x
https://www.ncbi.nlm.nih.gov/pubmed/20175757

J. Clin. Med. 2024, 13, 2216 10 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Leroi, I; Ahearn, D.J.; Andrews, M.; McDonald, K.R.; Byrne, E.J.; Burns, A. Behavioural disorders, disability and quality of life in
Parkinson’s disease. Age Ageing 2011, 40, 614-621. [CrossRef]

Le Heron, C.; Holroyd, C.B.; Salamone, J.; Husain, M. Brain mechanisms underlying apathy. . Neurol. Neurosurg. Psychiatry 2019,
90, 302-312. [CrossRef] [PubMed]

Le Heron, C.; Plant, O.; Manohar, S.; Ang, Y.-S.; Jackson, M.; Lennox, G.; Hu, M.T.; Husain, M. Distinct effects of apathy and
dopamine on effort-based decision-making in Parkinson’s disease. Brain 2018, 141, 1455-1469. [CrossRef] [PubMed]
Pagonabarraga, J.; Kulisevsky, J.; Strafella, A.P.; Krack, P. Apathy in Parkinson’s disease: Clinical features, neural substrates,
diagnosis, and treatment. Lancet Neurol. 2015, 14, 518-531. [CrossRef] [PubMed]

Marin, R.S.; Biedrzycki, R.C.; Firinciogullari, S. Reliability and validity of the apathy evaluation scale. Psychiatry Res. 1991, 38,
143-162. [CrossRef]

Levy, R.; Dubois, B. Apathy and the Functional Anatomy of the Prefrontal Cortex—Basal Ganglia Circuits. Cereb. Cortex 2006, 16,
916-928. [CrossRef] [PubMed]

Lohner, V.; Brookes, R.L.; Hollocks, M.].; Morris, R.G.; Markus, H.S. Apathy, but not depression, is associated with executive
dysfunction in cerebral small vessel disease. PLoS ONE 2017, 12, e0176943. [CrossRef]

Radakovic, R.; Davenport, RJ.M.S.; Abrahams, S. Apathy dimensions in Parkinson’s disease. Int. ]. Geriatr. Psychiatry 2018, 33,
151-158. [CrossRef] [PubMed]

Thompson, N.; MacAskill, M.; Pascoe, M.; Anderson, T.; Heron, C.L. Dimensions of apathy in Parkinson’s disease. Brain Behav.
2023, 13, €2862. [CrossRef] [PubMed]

Del-Monte, J.; Bayard, S.; Graziani, P.; Gély-Nargeot, M.C. Cognitive, Emotional, and Auto-Activation Dimensions of Apathy in
Parkinson’s Disease. Front. Behav. Neurosci. 2017, 11, 230. [CrossRef] [PubMed]

De Waele, S.; Cras, P; Crosiers, D. Apathy in Parkinson’s Disease: Defining the Park Apathy Subtype. Brain Sci. 2022, 12, 923.
[CrossRef] [PubMed]

Cubo, E.; Benito-Leon, J.; Coronell, C.; Armesto, D.; ANIMO Study Group. Clinical Correlates of Apathy in Patients Recently
Diagnosed with Parkinson’s Disease: The ANIMO Study. Neuroepidemiology 2012, 38, 48-55. [CrossRef] [PubMed]
Gorzkowska, A.; Cholewa, J.; Cholewa, J.; Wilk, A.; Klimkowicz-Mrowiec, A. Risk Factors for Apathy in Polish Patients with
Parkinson’s Disease. Int. |. Environ. Res. Public Health 2021, 18, 10196. [CrossRef]

Luo, R;; Qi, Y.; He, ]J.; Zheng, X.; Ren, W.; Chang, Y. Analysis of Influencing Factors of Apathy in Patients with Parkinson’s Disease.
Brain Sci. 2022, 12, 1343. [CrossRef]

Barber, T.R.; Muhammed, K.; Drew, D.; Lawton, M.; Crabbe, M.; Rolinski, M.; Quinnell, T.; Zaiwalla, Z.; Ben-Shlomo, Y.; Husain,
M.; et al. Apathy in rapid eye movement sleep behaviour disorder is common and under-recognized. Eur. |. Neurol. 2018, 25,
469-e32. [CrossRef]

Barber, T.R.; Griffanti, L.; Muhammed, K.; Drew, D.S.; Bradley, KM.; McGowan, D.R.; Crabbe, M.; Lo, C.; E Mackay, C.; Husain,
M.; et al. Apathy in rapid eye movement sleep behaviour disorder is associated with serotonin depletion in the dorsal raphe
nucleus. Brain 2018, 141, 2848-2854. [CrossRef] [PubMed]

Chao, ].Y.; Xiong, K.P,; Zhuang, S.; Zhang, J.R.; Huang, J.Y.; Li, J.; Liu, C.F. Relationship between emotional apathy and motor
symptoms, sleep and cognitive function in patients with early Parkinson’s disease. Zhonghua Yi Xue Za Zhi 2021, 101, 2792-2797.
[PubMed]

Hong, C.-M.; Kim, D.-H.; Ahn, B.-C.; Seo, ].-G.; Ryu, H.-S. Relationship between Apathy and Subjective Poor Night-time Sleep in
de novo, Untreated Parkinson’s Disease. |. Integr. Neurosci. 2022, 21, 74. [CrossRef] [PubMed]

Weiss, H.D.; Pontone, G.M. “Pseudo-syndromes” associated with Parkinson disease, dementia, apathy, anxiety, and depression.
Neurol. Clin. Pract. 2019, 9, 354-359. [CrossRef] [PubMed]

Theleritis, C.; Siarkos, K.; Politis, A.; Smyrnis, N.; Papageorgiou, C.; Politis, A.M. A Systematic Review of Pharmacological
Interventions for Apathy in Aging Neurocognitive Disorders. Brain Sci. 2023, 13, 1061. [CrossRef] [PubMed]

Santos Garcia, D.; Alonso Losada, M.G.; Cimas Hernando, I.; Cabo Lépez, I.; Yafiez Bafia, R.; Alonso Redondo, R.; Garcia
Diaz, I. Vortioxetine Improves Depressive Symptoms and Cognition in Parkinson’s Disease Patients with Major Depression: An
Open-Label Prospective Study. Brain Sci. 2022, 12, 1466. [CrossRef] [PubMed]

Svenningsson, P.; Odin, P,; Dizdar, N.; Johansson, A.; Grigoriou, S.; Tsitsi, P.; Carlstrom, C. A Phase 2a Trial Investigating the
Safety and Tolerability of the Novel Cortical Enhancer IRL752 in Parkinson’s Disease Dementia. Mov. Disord. 2020, 35, 1046-1054.
[CrossRef]

Manera, V.; Abrahams, S.; Agiiera-Ortiz, L.; Bremond, E.; David, R.; Fairchild, K.; Gros, A.; Hanon, C.; Husain, M.; Kénig, A.;
et al. Recommendations for the Nonpharmacological Treatment of Apathy in Brain Disorders. Am. |. Geriatr. Psychiatry 2020, 28,
410-420. [CrossRef]

Devos, D.; Moreau, C.; Maltéte, D.; Lefaucheur, R.; Kreisler, A.; Eusebio, A.; Dujardin, K. Rivastigmine in apathetic but dementia
and depression-free patients with Parkinson’s disease: A double-blind, placebo-controlled, randomised clinical trial. J. Neurol.
Neurosurg. Psychiatry 2014, 85, 668-674. [CrossRef]

McKeith, I; Del Ser, T.; Spano, P.; Emre, M.; Wesnes, K.; Anand, R.; Cicin-Sain, A ; Ferrara, R.; Spiegel, R. Efficacy of rivastigmine
in dementia with Lewy bodies: A randomised, double-blind, placebo-controlled international study. Lancet 2000, 356, 2031-2036.
[CrossRef]


https://doi.org/10.1093/ageing/afr078
https://doi.org/10.1136/jnnp-2018-318265
https://www.ncbi.nlm.nih.gov/pubmed/30366958
https://doi.org/10.1093/brain/awy110
https://www.ncbi.nlm.nih.gov/pubmed/29672668
https://doi.org/10.1016/S1474-4422(15)00019-8
https://www.ncbi.nlm.nih.gov/pubmed/25895932
https://doi.org/10.1016/0165-1781(91)90040-V
https://doi.org/10.1093/cercor/bhj043
https://www.ncbi.nlm.nih.gov/pubmed/16207933
https://doi.org/10.1371/journal.pone.0176943
https://doi.org/10.1002/gps.4697
https://www.ncbi.nlm.nih.gov/pubmed/28247480
https://doi.org/10.1002/brb3.2862
https://www.ncbi.nlm.nih.gov/pubmed/37203279
https://doi.org/10.3389/fnbeh.2017.00230
https://www.ncbi.nlm.nih.gov/pubmed/29209182
https://doi.org/10.3390/brainsci12070923
https://www.ncbi.nlm.nih.gov/pubmed/35884730
https://doi.org/10.1159/000334314
https://www.ncbi.nlm.nih.gov/pubmed/22236943
https://doi.org/10.3390/ijerph181910196
https://doi.org/10.3390/brainsci12101343
https://doi.org/10.1111/ene.13515
https://doi.org/10.1093/brain/awy240
https://www.ncbi.nlm.nih.gov/pubmed/30212839
https://www.ncbi.nlm.nih.gov/pubmed/34551496
https://doi.org/10.31083/j.jin2103074
https://www.ncbi.nlm.nih.gov/pubmed/35633155
https://doi.org/10.1212/CPJ.0000000000000644
https://www.ncbi.nlm.nih.gov/pubmed/31583191
https://doi.org/10.3390/brainsci13071061
https://www.ncbi.nlm.nih.gov/pubmed/37508993
https://doi.org/10.3390/brainsci12111466
https://www.ncbi.nlm.nih.gov/pubmed/36358393
https://doi.org/10.1002/mds.28020
https://doi.org/10.1016/j.jagp.2019.07.014
https://doi.org/10.1136/jnnp-2013-306439
https://doi.org/10.1016/S0140-6736(00)03399-7

J. Clin. Med. 2024, 13, 2216 11 of 14

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

Lester, D.B.; Rogers, T.D.; Blaha, C.D. Acetylcholine-Dopamine Interactions in the Pathophysiology and Treatment of CNS
Disorders. CNS Neurosci. Ther. 2010, 16, 137-162. [CrossRef] [PubMed]

Martinowich, K.; Cardinale, K.M.; Schloesser, R.J.; Hsu, M.; Greig, N.H.; Manji, H.K. Acetylcholinesterase inhibition ameliorates
deficits in motivational drive. Behav. Brain Funct. 2012, 8, 15. [CrossRef]

Boyle, P.A.; Malloy, PF. Treating Apathy in Alzheimer’s Disease. Dement. Geriatr. Cogn. Disord. 2004, 17, 91-99. [CrossRef]

Gill, S.S.; Anderson, G.M.; Fischer, H.D.; Bell, C.M.; Li, P.; Normand SL, T.; Rochon, P.A. Syncope and its consequences in patients
with dementia receiving cholinesterase inhibitors: A population-based cohort study. Arch. Intern. Med. 2009, 169, 867-873.
[CrossRef] [PubMed]

Triantafylidis, L.K.; Clemons, ].S.; Peron, E.P.; Roefaro, J.; Zimmerman, K.M. Brain Over Bladder: A Systematic Review of Dual
Cholinesterase Inhibitor and Urinary Anticholinergic Use. Drugs Aging 2018, 35, 27—41. [CrossRef]

Liu, J.; Cooper, C.A.; Weintraub, D.; Dahodwala, N. Pharmacological treatment of apathy in Lewy body disorders: A systematic
review. Park. Relat. Disord. 2019, 60, 14-24. [CrossRef]

van Wamelen, D.].; Martinez-Martin, P.; Weintraub, D.; Schrag, A.; Antonini, A.; Falup-Pecurariu, C.; International Parkinson
and Movement Disorder Society Parkinson’s Disease Non-Motor Study Group. The Non-Motor Symptoms Scale in Parkinson’s
disease: Validation and use. Acta Neurol. Scand. 2021, 143, 3-12. [CrossRef] [PubMed]

Castrioto, A.; Thobois, S.; Anheim, M.; Quesada, J.L.; Lhommée, E.; Klinger, H.; Bichon, A.; Schmitt, E.; Durif, F; Azulay, ].P; et al.
A randomized controlled double-blind study of rotigotine on neuropsychiatric symptoms in de novo PD. NPJ Park. Dis. 2020, 6,
41. [CrossRef]

Bogdan, A.; Manera, V.; Koenig, A.; David, R. Pharmacologic Approaches for the Management of Apathy in Neurodegenerative
Disorders. Front. Pharmacol. 2019, 10, 1581. [CrossRef]

Chung, S.J.; Asgharnejad, M.; Bauer, L.; Ramirez, F; Jeon, B. Evaluation of rotigotine transdermal patch for the treatment of
depressive symptoms in patients with Parkinson’s disease. Expert Opin. Pharmacother. 2016, 17, 1453-1461. [CrossRef] [PubMed]
Radakovic, R.; Harley, C.; Abrahams, S.; Starr, ].M. A systematic review of the validity and reliability of apathy scales in
neurodegenerative conditions. Int. Psychogeriatr. 2015, 27, 903-923. [CrossRef] [PubMed]

Kurniawan, I.T.; Guitart-Masip, M.; Dolan, R.J. Dopamine and effort-based decision making. Front. Neurosci. 2011, 5, 81.
[CrossRef]

Salamone, J.D. Functions of mesolimbic dopamine: Changing concepts and shifting paradigms. Psychopharmacol. 2006, 191, 389.
[CrossRef]

Voon, V.; Fox, S.H. Medication-Related Impulse Control and Repetitive Behaviors in Parkinson Disease. Arch. Neurol. 2007, 64,
1089-1096. [CrossRef] [PubMed]

Weiss, H.D.; Marsh, L. Impulse control disorders and compulsive behaviors associated with dopaminergic therapies in Parkinson
disease. Neurol. Clin. Pract. 2012, 2, 267-274. [CrossRef] [PubMed]

Carnicella, S.; Drui, G.; Boulet, S.; Carcenac, C.; Favier, M.; Duran, T.; Savasta, M. Implication of dopamine D3 receptor activation
in the reversion of Parkinson’s disease-related motivational deficits. Transl. Psychiatry 2014, 4, e401. [CrossRef] [PubMed]
Blundo, C.; Gerace, C. Dopamine agonists can improve pure apathy associated with lesions of the prefrontal-basal ganglia
functional system. Neurol. Sci. 2015, 36, 1197-1201. [CrossRef]

Céanovas, A.A,; Piudo, R.L,; Ruiz-Espiga, P.G.; Burguera, J.A.; Arillo, V.C.; Castro, A.; Castrillo, ]. M. Dopaminergic agonists in
Parkinson’s disease. Neurologin 2014, 29, 230-241.

Takahashi, M.; Tabu, H.; Ozaki, A.; Hamano, T.; Takeshima, T. Antidepressants for Depression, Apathy, and Gait Instability in
Parkinson’s Disease: A Multicenter Randomized Study. Intern. Med. 2019, 58, 361-368. [CrossRef] [PubMed]

Zhou, T.; Wang, J.; Xin, C.; Kong, L.; Wang, C. Effect of memantine combined with citalopram on cognition of BPSD and moderate
Alzheimer’s disease: A clinical trial. Exp. Ther. Med. 2019, 17, 1625-1630. [CrossRef] [PubMed]

Zhuo, C.; Xue, R.; Luo, L,; Ji, F; Tian, H.; Qu, H.; Tao, R. Efficacy of antidepressive medication for depression in Parkinson disease:
A network meta-analysis. Medicine 2017, 96, e6698. [CrossRef]

Kirsch-Darrow, L.; Marsiske, M.; Okun, M.S.; Bauer, R.; Bowers, D. Apathy and depression: Separate factors in Parkinson’s
disease. J. Int. Neuropsychol. Soc. 2011, 17, 1058-1066. [CrossRef] [PubMed]

Edinoff, AN.; Akuly, H.A.; Hanna, T.A.; Ochoa, C.O.; Patti, S.J.; Ghaffar, Y.A.; Kaye, A.D.; Viswanath, O.; Urits, I.; Boyer, A.G;
et al. Selective Serotonin Reuptake Inhibitors and Adverse Effects: A Narrative Review. Neurol. Int. 2021, 13, 387-401. [CrossRef]
[PubMed]

Emre, M.; Tsolaki, M.; Bonuccelli, U.; Destée, A.; Tolosa, E.; Kutzelnigg, A.; Jones, R. Memantine for patients with Parkinson’s
disease dementia or dementia with Lewy bodies: A randomised, double-blind, placebo-controlled trial. Lancet Neurol. 2010, 9,
969-977. [CrossRef] [PubMed]

Kishi, T.; Matsunaga, S.; Iwata, N. The effects of memantine on behavioral disturbances in patients with Alzheimer’s disease: A
meta-analysis. Neuropsychiatr. Dis. Treat. 2017, 13, 1909-1928. [CrossRef]

Johnson, J.W.; Kotermanski, S. Mechanism of action of memantine. Curr. Opin. Pharmacol. 2006, 6, 61-67. [CrossRef]

Brennan, L.; Pantelyat, A.; Duda, ].E.; Morley, J.F.; Weintraub, D.; Wilkinson, J.R.; Moberg, PJ. Memantine and Cognition in
Parkinson’s Disease Dementia/Dementia With Lewy Bodies: A Meta-Analysis. Mov. Disord. Clin. Pract. 2016, 3, 161-167.
[CrossRef] [PubMed]


https://doi.org/10.1111/j.1755-5949.2010.00142.x
https://www.ncbi.nlm.nih.gov/pubmed/20370804
https://doi.org/10.1186/1744-9081-8-15
https://doi.org/10.1159/000074280
https://doi.org/10.1001/archinternmed.2009.43
https://www.ncbi.nlm.nih.gov/pubmed/19433698
https://doi.org/10.1007/s40266-017-0510-6
https://doi.org/10.1016/j.parkreldis.2018.11.002
https://doi.org/10.1111/ane.13336
https://www.ncbi.nlm.nih.gov/pubmed/32813911
https://doi.org/10.1038/s41531-020-00142-x
https://doi.org/10.3389/fphar.2019.01581
https://doi.org/10.1080/14656566.2016.1202917
https://www.ncbi.nlm.nih.gov/pubmed/27322571
https://doi.org/10.1017/S1041610214002221
https://www.ncbi.nlm.nih.gov/pubmed/25355282
https://doi.org/10.3389/fnins.2011.00081
https://doi.org/10.1007/s00213-006-0623-9
https://doi.org/10.1001/archneur.64.8.1089
https://www.ncbi.nlm.nih.gov/pubmed/17698698
https://doi.org/10.1212/CPJ.0b013e318278be9b
https://www.ncbi.nlm.nih.gov/pubmed/23634371
https://doi.org/10.1038/tp.2014.43
https://www.ncbi.nlm.nih.gov/pubmed/24937095
https://doi.org/10.1007/s10072-014-2061-5
https://doi.org/10.2169/internalmedicine.1359-18
https://www.ncbi.nlm.nih.gov/pubmed/30146591
https://doi.org/10.3892/etm.2018.7124
https://www.ncbi.nlm.nih.gov/pubmed/30783429
https://doi.org/10.1097/MD.0000000000006698
https://doi.org/10.1017/S1355617711001068
https://www.ncbi.nlm.nih.gov/pubmed/22040900
https://doi.org/10.3390/neurolint13030038
https://www.ncbi.nlm.nih.gov/pubmed/34449705
https://doi.org/10.1016/S1474-4422(10)70194-0
https://www.ncbi.nlm.nih.gov/pubmed/20729148
https://doi.org/10.2147/NDT.S142839
https://doi.org/10.1016/j.coph.2005.09.007
https://doi.org/10.1002/mdc3.12264
https://www.ncbi.nlm.nih.gov/pubmed/30363483

J. Clin. Med. 2024, 13, 2216 12 of 14

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

Ditzler, K. Efficacy and tolerability of memantine in patients with dementia syndrome. A double-blind, placebo controlled trial.
Arzneimittelforschung 1991, 41, 773-780.

Berridge, C.W.; Arnsten, A.F. Psychostimulants and motivated behavior: Arousal and cognition. Neurosci. Biobehav. Rev. 2013, 37,
1976-1984. [CrossRef]

Moreau, C.; Delval, A.; Defebvre, L.; Dujardin, K.; Duhamel, A.; Petyt, G.; Devos, D. Methylphenidate for gait hypokinesia
and freezing in patients with Parkinson’s disease undergoing subthalamic stimulation: A multicentre, parallel, randomised,
placebo-controlled trial. Lancet Neurol. 2012, 11, 589-596. [CrossRef]

Chatterjee, A.; Fahn, S. Methylphenidate Treats Apathy in Parkinson’s Disease. J. Neuropsychiatry Clin. Neurosci. 2002, 14, 461-462.
[CrossRef]

van Dyck, C.H.; Arnsten, A.F,; Padala, P.R.; Brawman-Mintzer, O.; Lerner, A ].; Porsteinsson, A.P.; Rosenberg, P.B. Neurobiologic
Rationale for Treatment of Apathy in Alzheimer’s Disease with Methylphenidate. Am. . Geriatr. Psychiatry 2021, 29, 51-62.
[CrossRef] [PubMed]

Berridge, C.W.; Devilbiss, D.M.; Andrzejewski, M.E.; Arnsten, A.E,; Kelley, A.E.; Schmeichel, B.; Hamilton, C.; Spencer, R.C.
Methylphenidate Preferentially Increases Catecholamine Neurotransmission within the Prefrontal Cortex at Low Doses that
Enhance Cognitive Function. Biol. Psychiatry 2006, 60, 1111-1120. [CrossRef]

Padala, PR.; Padala, K.P; Samant, R.S.; James, G.A. Improvement of neuronal integrity with methylphenidate treatment for
apathy in Alzheimer’s disease. Int. Psychogeriatr. 2020, 32, 539-540. [CrossRef] [PubMed]

Brawman-Mintzer, O. Methylphenidate for Apathy in Veterans with Parkinson’s Disease (MAV-PD) Clinicaltrials.gov2022.
Available online: https:/ /clinicaltrials.gov/study /NCT05669170 (accessed on 9 October 2023).

Husain, M.; Roiser, J.P. Neuroscience of apathy and anhedonia: A transdiagnostic approach. Nat. Rev. Neurosci. 2018, 19, 470-484.
[CrossRef] [PubMed]

Fagiolini, A.; Florea, L; Loft, H.; Christensen, M.C. Effectiveness of Vortioxetine on Emotional Blunting in Patients with Major
Depressive Disorder with inadequate response to SSRI/SNRI treatment. J. Affect. Disord. 2021, 283, 472-479. [CrossRef]
D’Agostino, A.; English, C.D.; A Rey, J. Vortioxetine (brintellix): A new serotonergic antidepressant. Pharm. Ther. 2015, 40, 36—40.
Montano, C.B.; Jackson, W.C.; Vanacore, D.; Weisler, R.H. Practical Advice for Primary Care Clinicians on the Safe and Effective
Use of Vortioxetine for Patients with Major Depressive Disorder (MDD). Neuropsychiatr. Dis. Treat. 2022, 18, 867-879. [CrossRef]
[PubMed]

Hjorth, S.; Waters, S.; Waters, N.; Tedroff, ]J.; Svensson, P.; Fagerberg, A.; Sonesson, C. (35)-3-(2,3-difluorophenyl)-3-
methoxypyrrolidine (IRL752)—A Novel Cortical-Preferring Catecholamine Transmission- and Cognition-Promoting Agent. J.
Pharmacol. Exp. Ther. 2020, 374, 404-419. [CrossRef]

NCBI. A Randomised, Placebo-controlled, Multicentre Phase IIb Study Evaluating the Efficacy of Pirepemat on Falls Frequency
in Patients with Parkinson’s Disease 2022. Available online: https://www.clinicaltrials.gov/study/NCT05258071 (accessed on 10
October 2023).

Kulisevsky, J.; Martinez-Horta, S.; Campolongo, A.; Pascual-Sedano, B.; Marin-Lahoz, J.; Bejr-kasem, H.; Aracil-Bolafios, I.;
Horta-Barba, A.; Puig-Davi, A.; Pagonabarraga, J. A Randomized Clinical Trial to Evaluate the Effects of Safinamide on Apathetic
Non-demented Patients with Parkinson’s Disease. Front. Neurol. 2022, 13, 866502. [CrossRef]

Smith, K.M.; Eyal, E.; Weintraub, D. Combined rasagiline and antidepressant use in Parkinson disease in the ADAGIO study:
Effects on nonmotor symptoms and tolerability. JAMA Neurol. 2015, 72, 88-95. [CrossRef] [PubMed]

Weintraub, D.; Mavandadi, S.; Mamikonyan, E.; Siderowf, A.; Duda, J.; Hurtig, H.; Colcher, A.; Horn, S.; Nazem, S.; Have,
T.T.; et al. Atomoxetine for depression and other neuropsychiatric symptoms in Parkinson disease. Neurology 2010, 75, 448-455.
[CrossRef] [PubMed]

Mele, B.; Ismail, Z.; Goodarzi, Z.; Pringsheim, T.; Lew, G.; Holroyd-Leduc, ]. Non-pharmacologic interventions to treat apathy in
Parkinson’s disease: A realist review. Clin. Park. Relat. Disord. 2021, 4, 100096. [CrossRef] [PubMed]

Kabat-Zinn, J. Mindfulness-Based Interventions in Context: Past, Present, and Future; Blackwell Publishing: Hoboken, NJ, USA, 2003.
Shapero, B.G.; Greenberg, ].; Pedrelli, P.; de Jong, M.; Desbordes, G. Mindfulness-Based Interventions in Psychiatry. FOCUS (Am.
Psychiatr. Publ.) 2018, 16, 32-39. [CrossRef] [PubMed]

Cash, T.V,; Ekouevi, V.S.; Kilbourn, C.; Lageman, S.K. Pilot Study of a Mindfulness-Based Group Intervention for Individuals
with Parkinson’s Disease and Their Caregivers. Mindfulness 2015, 7, 361-371. [CrossRef]

Buchwitz, TM.; Maier, F,; Greuel, A.; Thieken, F; Steidel, K.; Jakobs, V.; Eggers, C. Pilot Study of Mindfulness Training on the
Self-Awareness of Motor Symptoms in Parkinson’s Disease—A Randomized Controlled Trial. Front. Psychol. 2021, 12, 763350.
[CrossRef] [PubMed]

Tang, Y.-Y.; Holzel, B.K.; Posner, M.I. The neuroscience of mindfulness meditation. Nat. Rev. Neurosci. 2015, 16, 213-225.
[CrossRef] [PubMed]

Tsukita, K.; Sakamaki-Tsukita, H.; Takahashi, R. Long-term Effect of Regular Physical Activity and Exercise Habits in Patients
with Early Parkinson Disease. Neurology 2022, 98, e859-e871. [CrossRef]

Petzinger, G.M.; Fisher, B.E.; McEwen, S.; Beeler, ].A.; Walsh, J.P.; Jakowec, M.W. Exercise-enhanced neuroplasticity targeting
motor and cognitive circuitry in Parkinson’s disease. Lancet Neurol. 2013, 12, 716-726. [CrossRef]

Sacheli, M.A.; Neva, J.L.; Lakhani, B.; Murray, D.K; Vafai, N.; Shahinfard, E.; Stoessl, A.J. Exercise increases caudate dopamine
release and ventral striatal activation in Parkinson’s disease. Mov. Disord. 2019, 34, 1891-1900. [CrossRef]


https://doi.org/10.1016/j.neubiorev.2012.11.005
https://doi.org/10.1016/S1474-4422(12)70106-0
https://doi.org/10.1176/jnp.14.4.461
https://doi.org/10.1016/j.jagp.2020.04.026
https://www.ncbi.nlm.nih.gov/pubmed/32461027
https://doi.org/10.1016/j.biopsych.2006.04.022
https://doi.org/10.1017/S1041610220000095
https://www.ncbi.nlm.nih.gov/pubmed/32019622
https://clinicaltrials.gov/study/NCT05669170
https://doi.org/10.1038/s41583-018-0029-9
https://www.ncbi.nlm.nih.gov/pubmed/29946157
https://doi.org/10.1016/j.jad.2020.11.106
https://doi.org/10.2147/NDT.S337703
https://www.ncbi.nlm.nih.gov/pubmed/35440869
https://doi.org/10.1124/jpet.120.000037
https://www.clinicaltrials.gov/study/NCT05258071
https://doi.org/10.3389/fneur.2022.866502
https://doi.org/10.1001/jamaneurol.2014.2472
https://www.ncbi.nlm.nih.gov/pubmed/25420207
https://doi.org/10.1212/WNL.0b013e3181ebdd79
https://www.ncbi.nlm.nih.gov/pubmed/20679638
https://doi.org/10.1016/j.prdoa.2021.100096
https://www.ncbi.nlm.nih.gov/pubmed/34316673
https://doi.org/10.1176/appi.focus.20170039
https://www.ncbi.nlm.nih.gov/pubmed/29599651
https://doi.org/10.1007/s12671-015-0452-1
https://doi.org/10.3389/fpsyg.2021.763350
https://www.ncbi.nlm.nih.gov/pubmed/34916997
https://doi.org/10.1038/nrn3916
https://www.ncbi.nlm.nih.gov/pubmed/25783612
https://doi.org/10.1212/WNL.0000000000013218
https://doi.org/10.1016/S1474-4422(13)70123-6
https://doi.org/10.1002/mds.27865

J. Clin. Med. 2024, 13, 2216 13 of 14

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Hashimoto, H.; Takabatake, S.; Miyaguchi, H.; Nakanishi, H.; Naitou, Y. Effects of dance on motor functions, cognitive functions,
and mental symptoms of Parkinson’s disease: A quasi-randomized pilot trial. Complement. Ther. Med. 2015, 23, 210-219.
[CrossRef]

Cugusi, L.; Solla, P; Serpe, R.; Carzedda, T.; Piras, L.; Oggianu, M.; Mercuro, G. Sardinian Folk Dance for Individuals with
Parkinson’s Disease: A Randomized Controlled Pilot Trial. . Altern. Complement. Med. 2019, 25, 305-316.

Cugusi, L.; Solla, P,; Serpe, R.; Carzedda, T.; Piras, L.; Oggianu, M.; Mercuro, G. Effects of a Nordic Walking program on motor and
non-motor symptoms, functional performance and body composition in patients with Parkinson’s disease. NeuroRehabilitation
2015, 37, 245-254. [CrossRef]

Rios Romenets, S.; Anang, J.; Fereshtehnejad, S.M.; Pelletier, A.; Postuma, R. Tango for treatment of motor and non-motor
manifestations in Parkinson’s disease: A randomized control study. Complement. Ther. Med. 2015, 23, 175-184. [CrossRef]
[PubMed]

King, L.A.; Wilhelm, J.; Chen, Y.; Blehm, R.; Nutt, J.; Chen, Z.; Horak, EB. Effects of Group, Individual, and Home Exercise in
Persons with Parkinson Disease: A Randomized Clinical Trial. J. Neurol. Phys. Ther. 2015, 39, 204-212. [CrossRef] [PubMed]
Sajatovic, M.; Ridgel, A.L.; Walter, E.M.; Tatsuoka, C.M.; Colon-Zimmermann, K.; Ramsey, R.K.; Welter, E.; Gunzler, S.; Whitney,
C.M.; Walter, B.L. A randomized trial of individual versus group-format exercise and self-management in individuals with
Parkinson’s disease and comorbid depression. Patient Prefer. Adherence 2017, 11, 965-973. [CrossRef] [PubMed]

Patel, R.A.; Blasucci, L.; Mahajan, A. A pilot study of a 12-week community-based boxing program for Parkinson’s disease. J.
Clin. Neurosci. 2023, 107, 64-67. [CrossRef] [PubMed]

Inoue, K.; Fujioka, S.; Nagaki, K.; Suenaga, M.; Kimura, K.; Yonekura, Y.; Tsuboi, Y. Table tennis for patients with Parkinson’s
disease: A single-center, prospective pilot study. Clin. Park. Relat. Disord. 2021, 4, 100086. [CrossRef]

Marotta, N.; Demeco, A.; Indino, A.; de Scorpio, G.; Moggio, L.; Ammendolia, A. Nintendo WiiTM versus Xbox KinectTM for
functional locomotion in people with Parkinson’s disease: A systematic review and network meta-analysis. Disabil. Rehabil. 2022,
44, 331-336. [CrossRef] [PubMed]

Kennedy, M.A.; Bayes, S.; Newton, R.U.; Zissiadis, Y.; Spry, N.A.; Taaffe, D.R.; Galvao, D.A. Implementation barriers to integrating
exercise as medicine in oncology: An ecological scoping review. J. Cancer Surviv. 2022, 16, 865-881. [CrossRef] [PubMed]
O’Brien, C.; Clemson, L.; Canning, C.G. Multiple factors, including non-motor impairments, influence decision making with
regard to exercise participation in Parkinson’s disease: A qualitative enquiry. Disabil. Rehabil. 2016, 38, 472-481. [CrossRef]
Turner, J.S.; Leach, D.]J. Behavioural Activation Therapy: Philosophy, Concepts, and Techniques. Behav. Chang. 2012, 29, 77-96.
[CrossRef]

Butterfield, L.C.; Cimino, C.R.; Salazar, R.; Sanchez-Ramos, ].; Bowers, D.; Okun, M.S. The Parkinson’s Active Living (PAL)
Program: A Behavioral Intervention Targeting Apathy in Parkinson’s Disease. |. Geriatr. Psychiatry Neurol. 2017, 30, 11-25.
[CrossRef]

Shiota, S.; Okamoto, Y.; Okada, G.; Takagaki, K.; Takamura, M.; Mori, A.; Yokoyama, S.; Nishiyama, Y.; Jinnin, R.; Hashimoto,
R.I; et al. Effects of behavioural activation on the neural basis of other perspective self-referential processing in subthreshold
depression: A functional magnetic resonance imaging study. Psychol. Med. 2017, 47, 877-888. [CrossRef] [PubMed]
Shah-Zamora, D.; Anderson, S.; Barton, B.; Fleisher, J.E. Virtual Group Music Therapy for Apathy in Parkinson’s Disease: A Pilot
Study. J. Geriatr. Psychiatry Neurol. 2023, 37, 49-60. [CrossRef] [PubMed]

Tang, Q.; Zhou, Y.; Yang, S.; Thomas, WK.S.; Smith, G.D.; Yang, Z.; Yuan, L.; Chung, ].W.-Y. Effect of music intervention on apathy
in nursing home residents with dementia. Geriatr. Nurs. 2018, 39, 471-476. [CrossRef]

Van Der Steen, J.T.; Smaling, H.J.; van der Wouden, J.C.; Bruinsma, M.S.; Scholten, R.]J.; Vink, A.C. Music-based therapeutic
interventions for people with dementia. Cochrane Database Syst. Rev. 2018, 7, CD003477. [CrossRef]

Wei, W.; Yi, X.; Ruan, J.; Duan, X.; Luo, H. The efficacy of repetitive transcranial magnetic stimulation on emotional processing in
apathetic patients with Parkinson’s disease: A Placebo-controlled ERP study. J. Affect. Disord. 2021, 282, 776-785. [CrossRef]
Tian, L.; Xia, Y.; Flores, H.P.; Campbell, M.C.; Moerlein, S.M.; Perlmutter, ].S. Neuroimaging Analysis of the Dopamine Basis for
Apathetic Behaviors in an MPTP-Lesioned Primate Model. PLoS ONE 2015, 10, e0132064. [CrossRef]

Zhang, W.; Deng, B.; Xie, F.; Zhou, H.; Guo, ].E; Jiang, H.; Wang, Q. Efficacy of repetitive transcranial magnetic stimulation in
Parkinson’s disease: A systematic review and meta-analysis of randomised controlled trials. EClinicalMedicine 2022, 52, 101589.
[CrossRef] [PubMed]

Espiritu, A.L; Hara, T; Tolledo, ].K.; Blair, M.; Burhan, A.M. Repetitive transcranial magnetic stimulation for apathy in patients
with neurodegenerative conditions, cognitive impairment, stroke, and traumatic brain injury: A systematic review. Front.
Psychiatry 2023, 14, 1259481. [CrossRef]

Zoon, T.J.; van Rooijen, G.; Balm, G.M.; Bergfeld, 1.O.; Daams, J.G.; Krack, P.; de Bie, RM. Apathy Induced by Subthalamic
Nucleus Deep Brain Stimulation in Parkinson’s Disease: A Meta-Analysis. Mov. Disord. 2021, 36, 317-326. [CrossRef]

Zoon TJ, C.; Mathiopoulou, V.; van Rooijen, G.; van den Munckhof, P; Denys DA, J.P.; Schuurman, PR.; Bot, M. Apathy following
deep brain stimulation in Parkinson’s disease visualized by 7-Tesla MRI subthalamic network analysis. Brain Stimul. 2023, 16,
1289-1291. [CrossRef]

Boon, L.I.; Potters, W.V.; Zoon, T.J.; Heuvel, O.A.v.D.; Prent, N.; de Bie, RM.; Bot, M.; Schuurman, P.R.; Munckhof, P.v.D.;
Geurtsen, G.J.; et al. Structural and functional correlates of subthalamic deep brain stimulation-induced apathy in Parkinson’s
disease. Brain Stimul. 2021, 14, 192-201. [CrossRef] [PubMed]


https://doi.org/10.1016/j.ctim.2015.01.010
https://doi.org/10.3233/NRE-151257
https://doi.org/10.1016/j.ctim.2015.01.015
https://www.ncbi.nlm.nih.gov/pubmed/25847555
https://doi.org/10.1097/NPT.0000000000000101
https://www.ncbi.nlm.nih.gov/pubmed/26308937
https://doi.org/10.2147/PPA.S135551
https://www.ncbi.nlm.nih.gov/pubmed/28579759
https://doi.org/10.1016/j.jocn.2022.12.006
https://www.ncbi.nlm.nih.gov/pubmed/36512938
https://doi.org/10.1016/j.prdoa.2020.100086
https://doi.org/10.1080/09638288.2020.1768301
https://www.ncbi.nlm.nih.gov/pubmed/32478581
https://doi.org/10.1007/s11764-021-01080-0
https://www.ncbi.nlm.nih.gov/pubmed/34510366
https://doi.org/10.3109/09638288.2015.1055377
https://doi.org/10.1017/bec.2012.3
https://doi.org/10.1177/0891988716673467
https://doi.org/10.1017/S0033291716002956
https://www.ncbi.nlm.nih.gov/pubmed/27894368
https://doi.org/10.1177/08919887231176755
https://www.ncbi.nlm.nih.gov/pubmed/37201184
https://doi.org/10.1016/j.gerinurse.2018.02.003
https://doi.org/10.1002/14651858.CD003477.pub4
https://doi.org/10.1016/j.jad.2020.12.099
https://doi.org/10.1371/journal.pone.0132064
https://doi.org/10.1016/j.eclinm.2022.101589
https://www.ncbi.nlm.nih.gov/pubmed/35923424
https://doi.org/10.3389/fpsyt.2023.1259481
https://doi.org/10.1002/mds.28390
https://doi.org/10.1016/j.brs.2023.08.013
https://doi.org/10.1016/j.brs.2020.12.008
https://www.ncbi.nlm.nih.gov/pubmed/33385593

J. Clin. Med. 2024, 13, 2216 14 of 14

108.

109.

110.

111.

112.

113.

Schuepbach WM, M.; Rau, J.; Knudsen, K.; Volkmann, J.; Krack, P.; Timmermann, L.; Deuschl, G. Neurostimulation for Parkinson’s
disease with early motor complications. N. Engl. . Med. 2013, 368, 610-622. [CrossRef]

Thobois, S.; Ardouin, C.; Lhommée, E.; Klinger, H.; Lagrange, C.; Xie, ].; Krack, P. Non-motor dopamine withdrawal syndrome
after surgery for Parkinson’s disease: Predictors and underlying mesolimbic denervation. Brain 2010, 133, 1111-1127. [CrossRef]
Castrioto, A.; Lhommée, E.; Moro, E.; Krack, P. Mood and behavioural effects of subthalamic stimulation in Parkinson’s disease.
Lancet Neurol. 2014, 13, 287-305. [CrossRef] [PubMed]

Kirsch-Darrow, L.; Zahodne, L.B.; Hass, C.; Mikos, A.; Okun, M.S.; Fernandez, H.H.; Bowers, D. How cautious should we be
when assessing apathy with the Unified Parkinson’s Disease Rating Scale? Mov. Disord. 2009, 24, 684—688. [CrossRef] [PubMed]
Lopez, EV,; Eglit, G.M.; Schiehser, D.M.; Pirogovsky-Turk, E.; Litvan, I.; Lessig, S.; Filoteo, ].V. Factor Analysis of the Apathy Scale
in Parkinson’s Disease. Mov. Disord. Clin. Pract. 2019, 6, 379-386. [CrossRef]

Zahodne, L.B.; Young, S.; Kirsch-Darrow, L.; Nisenzon, A.; Fernandez, H.H.; Okun, M.S.; Bowers, D. Examination of the Lille
Apathy Rating Scale in Parkinson disease. Mov. Disord. 2009, 24, 677-683. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1056/NEJMoa1205158
https://doi.org/10.1093/brain/awq032
https://doi.org/10.1016/S1474-4422(13)70294-1
https://www.ncbi.nlm.nih.gov/pubmed/24556007
https://doi.org/10.1002/mds.22437
https://www.ncbi.nlm.nih.gov/pubmed/19185011
https://doi.org/10.1002/mdc3.12767
https://doi.org/10.1002/mds.22441

	Introduction 
	Pharmacological Therapy for Apathy 
	Cholinesterase Inhibitors 
	Dopamine Agonists 
	SSRIs 
	Memantine 
	Methylphenidate 
	Vortioxetine 
	Pirepemat (IRL-752) 
	Other Pharmacological Therapies Trialled for PD 
	Conclusions 

	Non-Pharmacological Therapy for Apathy 
	Mindfulness Interventions 
	Exercise Interventions 
	Behavioural Activation 
	Music Therapy 
	Transcranial Magnetic Stimulation 
	Deep Brain Stimulation 
	Conclusions 

	Interpretation 
	Future Directions 
	References

