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Apathy is one of the most frequent behavioral disturbances in many neurodegenerative
disorders and is known to have a negative impact on the disease progression, particularly
in Alzheimer’s disease. Therapeutic options are currently limited and non-pharmacological
approaches should constitute first line treatments. Pharmacological agents likely to
reduce apathy levels are lacking. The objective of the present article is to review recent
pharmacological treatments for apathy in neurodegenerative disorders. The Pubmed
database was searched with a particular focus on articles published as of January 2017.
Current main levels of evidence have been reported so far with cholinergic, glutamatergic
and dopaminergic agents to reduce levels of apathy, despite several conflicting results.
Treatment duration and samples sizes may have however decreased the validity of
previous results. Ongoing studies involving more participants/treatment duration or
distinct neural pathways may provide new insights in the treatment of apathy in
neurodegenerative disorders.
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INTRODUCTION

Apathy is the most frequent behaviorial disturbance in Alzheimer’s disease (AD) and is prevalent in
many other neurodegenerative disorders (Husain and Roiser, 2018). Despite apathy is considered a
negative symptom in dementia, i.e. a non-demonstrative symptom, it does have negative
consequences on the disease progression (Zhu et al., 2019) leading to increased risk of functional
disability and institutionalization. The neural correlates of apathy are currently better understood.
Brain imaging have shown the involvement of several areas such as anterior cingular and
dorsolateral cortex, inferior frontal gyrus (Benoit and Robert, 2011; Kim et al., 2011), and of
dopaminergic transmission (David et al., 2008), as well as the involvement of fronto-subcortical
circuits (Riveros et al., 2018). Additionally, severity of apathy has been associated with lower CSF
Ab42 concentrations in Alzheimer’s disease (Vergallo et al., 2019). In this line, depression, that is
often misdiagnosed with apathy, likely involves different structures (prefrontal orbitofrontal cortex
(Lavretsky et al., 2007), cingulate, thalamus) (Starkstein et al., 2009; Zahodne et al., 2013), and
neurotransmission pathways (5-HT transmission reduction in posterior cingulated and amygdala-
hippocampus complex) (Benoit and Robert, 2011).
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Considering the important negative impact of apathy in the
evolution of AD, therapeutic options are needed. Current
therapeutic treatments mainly rely on non-pharmacological
approaches (Mueller et al., 2018). Moreover, conventional
psychotropic drugs often overprescribed in AD, such as
antipsychotics and Selective-Serotonin Reuptake Inhibitors (SSRI)
antidepressants may increase levels of apathy in neurodegenerative
disorders andmay have overall insufficient effect to alleviate levels of
BPSD (Anand et al., 2018). Weighing risks and benefits, it is
recognized that psychotropic agents should be prescribed with
caution in dementia (Azuar and Levy, 2018; Phan et al., 2019).

Previous articles have been published, including several
randomized controlled trials (RCT), but pharmacological
therapeutic options for the management of apathy are
currently limited.

The present article makes a review of current pharmacological
approaches available for the management of apathy in AD and
related disorders.
METHOD

Previous reviews investigating management options for apathy
have been recently published. Therefore, we focused our research
on published articles as of 2017.

We searched the Pubmed online database between January
1st, 2017 and May 1st, 2019, for articles published in English,
using the following method and keywords:

(((((apathy[Title/Abstract]) OR amotivation[Title/Abstract])
OR abulia[Title/Abstract])) AND ((treatment[Title/Abstract])
OR pharmacological intervention[Title/Abstract])) AND
(((((((alzheimer[Title/Abstract]) OR vascular dementia[Title/
Abstract]) OR mixed dementia[Title/Abstract]) OR lewy body
[Title/Abstract]) OR parkinson[Title/Abstract]) OR dementia
[Title/Abstract]) AND (“2017/01/01”[PDat]: “2019/
12/31”[PDat])).

All abstracts were screened by two reviewers in order to assess
their relevance to the topic.

See Figure 1 for the study flow diagram.
RESULTS

Results are presented according to their level of evidence,
respectively in Alzheimer’s disease and in other neurological and/
or neurodegenerative disorders. Main results are summarized
in Table 1.

Alzheimer’s Disease
Reviews and Meta-Analyses
One recent article from January 2017 reviewed recent
pharmacological and non-pharmacological approaches for the
management of apathy in AD (Theleritis et al., 2017) and
reported the potential interest of cholinesterase inhibitors
(ChEIs), methylphenidate and gingko biloba in reducing levels
of apathy, whereas Sepehry et al’s review did not reveal any
Frontiers in Pharmacology | www.frontiersin.org 2
significant treatment effect likely to reduce apathy in AD
(Sepehry et al., 2017). In Theleritis, among 6 studies using
galantamine (4 RCT and 2 open-label studies), five studies did
show an improvement of apathy levels after treatment.
Rivastigmine (8 open-label studies) showed improvements in
apathy levels in all studies. Memantine (3 RCT, 1 open-label
study, and 1 post marketing surveillance study) improved apathy
in 4 studies. In the meta-analysis of Kishi (Kishi et al., 2017),
memantine was not superior to controls for the management of
negative symptoms, including apathy, in AD.

In Ruthirakukan’s meta-analysis (Ruthirakuhan et al., 2018),
methylphenidate (3 studies), compared to placebo, was likely to
reduce apathy in AD, depending, however, on the assessment
interview used (AES versus NPI-apathy domain).

In a review published in 2017, Lanctot et al. concluded that
progress has been made in the phenomenology, the neurobiology
and the treatment of apathy. Regarding the pharmacological
treatment, they found evidence that ChEIs and memantine
improve apathy, whereas ChEI withdrawal can worsen apathy.
Modafinil improved apathy in 2 case reports, but a small RCT
reported no significant improvement in apathy over 8-week
treatment in AD. Methylphenidate was effective for apathy in
mild to moderate AD as reported in 3 placebo-controlled trials
(Lanctot et al., 2017).

Randomized Controlled Trials (RCT)
In the ongoing ADMET2 (Apathy in Dementia Methylphenidate
Trial) phase III RCT study, authors reported the interest of using
methylphenidate (Scherer et al., 2018) and planned to include
200 AD individuals (20 mg/day methylphenidate for 6 months
and apathy assessed using the NPI apathy-domain). Results are
expected as of 2020. The previous ADMET study showed a
benefit of using methylphenidate after a 6-week treatment period
among 60 participants (Rosenberg et al., 2013).

A memantine (20 mg/day)-citalopram (10 to 30 mg/day)
combination (vs memantine + placebo) was significantly
associated with a reduction of apathy in a group of AD
individuals over a 12-week treatment period, using the NPI
apathy-domain as outcome measure (Zhou et al., 2019).

In the ASCOMALVA study, comparing a subgroup of AD
individuals (n = 56) receiving a combination of donepezil and
choline alphoscerate (a cholinergic precursor) versus a subgroup
(n = 57) with donepezil alone (24-month treatment period), the
combined treatment was more effective on apathy levels than
donepezil alone (Rea et al., 2015; Carotenuto et al., 2017).

Observational Studies
One observational study with AD individuals using ninjin’yoeito,
a multicomponent drug with several effects including dopamine
modulation, apathy (using the NPI apathy-domain) was
significantly improved as of 4 weeks after treatment initiation
(Ohsawa et al., 2017).

Animal Research
In a mice model of AD, the use of melatonin for 6 months (10
mg/kg) was efficient in reducing levels of apathy and anxiety as
well amyloid and tau burden in transgenic AD mice, and could
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thus constitute a promising treatment opportunity in human
research (Corpas et al., 2018).

Other Disorders
Parkinson’s Disease
In several other neurodegenerative diseases, such as Parkinson’s
disease (PD) and Dementia with Lewy Body (DLB),
dopaminergic agents, and cholinesterase inhibitors (ChEIs)
have demonstrated an interest in reducing levels of apathy (Liu
et al., 2019), but therapeutic options remain limited for the
general management of nonmotor symptoms in PD, including
apathy (Seppi et al., 2019). In an open-label observational study,
targeting apathy as primary outcome (measured with NPI and
AES), patients received transdermal rivastigmine (9,5 mg/day),
one of the current available ChEIs. Rivastigmine did not improve
apathy over a 12-month period (Moretti et al., 2017)

In Liu’s meta-analysis, authors reviewed 19 articles regarding
the pharmacological treatment of apathy in PD and 4 articles in
DLB. In the selected studies, apathy was either the 1st or a 2nd

outcome. In the PD population, 13 articles were RCT, 4 open-
label studies, 1 case series and 1 case report. The Apathy was
measured using different scales: apathy scale, the Non-Motor
Frontiers in Pharmacology | www.frontiersin.org 3
Symptoms Scale (NMSS), the Neuropsychiatric inventory (NPI),
Lille Apathy Rating Scale (LARS) and Unified Parkinson’s
Disease Rating Scale (UDPRS) for PD, and the NPI for DLB.

The investigated drugs were: rotigotine, piribedil,
methylphenidate, rivastigmine in double-blind placebo-
controlled studies. Rotigotine, a dopamine agonist, improved
apathy in all 4 RCTs. Piribedil, a D2 and D3 receptor agonist
with alpha2- adrenergic antagonist properties, reduced apathy
scores in PD patients who developed apathy after deep brain
stimulation. Methylphenidate, a dopamine norepinephrine
reuptake inhibitor, reduced apathy by 7 points on LARS
compared to only 1-point reduction with placebo among
12 patients.

Rivastimine (ChEIs) reduced apathy on the LARS (8,5 points)
compared to placebo (0,2-point reduction) in a 30-patient study.
Five other RCT that assessed the pharmacological treatments of
apathy in PD were analyzed. Rasagiline, an MAOI-B
(monoamine oxidase B inhibitor) and atomoxetine, a SSNRI
(selective serotonin-norepinephrine reuptake inhibitor), did not
improve apathy levels. Decosahexaeonic acid (DHA), an omega-
3 fatty acid, was not superior to placebo in the treatment of
apathy. Amantadine, an agonist at many different receptors,
FIGURE 1 | Study flow diagram.
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decreased apathy levels by 0,9 compared with a 0,7 increase in
the placebo group. For open-label studies, out of which only one
included a control group, authors showed an improvement of
apathy with galantamine on the NPI while rivastigmine did not
decrease NPI-assessed apathy symptoms. A traditional Japanese
medicine, yokukansan, significantly improved NPI apathy scores
in 23 patients, but the exact scores were not reported.

Pump-based Parkinson therapies using apomorphine (non-
selective dopamine agonist) infusion and levodopa-carbidopa
intestinal gel allowing a more continuous dopaminergic
stimulation tend to reduce several nonmotor symptoms in PD
such as sleep, mood disorders, and apathy (Mundt-Petersen and
Odin, 2017). Effects of add-on apomorphine in advanced PD
were significant on apathy (assessed using the LARS-i) after 6
months of therapy (Auffret et al., 2017).

In late stages of PD, L-dopa showed significant improvements
in levels of mood/apathy (Rosqvist et al., 2018). The use of
Levodopa in individuals diagnosed with Parkinson’s disease did
not show significant reduction of apathy in the EARLYSTIM trial
(Lhommee et al., 2018).

In an open-label trial including 30 PD individuals, the use of
istradefylline (adenosine A2A receptor antagonist), an anti-
parkinsonian agent, significantly reduced levels of apathy
(assessed using the Apathy scale) after a 12-week treatment
period (Nagayama et al., 2019).

In the meta-analysis, including recent RCT, from Wang et al.
(2018), transdermal rotigotine significantly improved apathy in
PD individuals.

In another recent review, dopamine agonists (piribedil,
rotigotine and pramipexole) have been reported to improve
levels of apathy in PD (Rektorova, 2019).

Fronto-Temporal Dementia (FTD)
Intranasal oxytocin for the management of neuropsychiatric
symptoms in FTD is currently under trial (Finger et al., 2018).
In this ongoing study, 60 individuals diagnosed with FTD will be
included for a 6-week treatment period with oxytocin. Oxytocin
is a neuropeptide, synthetized by magnocellular neurons in the
hypothalamus (paraventricular and supraoptic nuclei), with
behavioral effects in animals and humans. It has only one
known receptor, OXYR, widely distributed throughout the
brain (Lee et al., 2009). The use of psychostimulants may help
to decrease levels of apathy in FTD (Young et al., 2018).

Huntington Disease
In Huntington disease, the use of bupropion (a norepinephrine
dopamine reuptake inhibitor) did not show a significant effect in
reducing levels of apathy, globally or by domain (cognitive,
behavioral, and emotional) (Gelderblom et al., 2017). This
RCT targeting apathy as primary outcome (using the Apathy
Evaluation Scale AES) over a 10-week period of treatment with
bupropion (150 or 300 mg/day vs placebo).

Other Disorders
One RCT investigating nefiracetam (a nicotinic, cholinergic, and
NMDA receptor activity enhancer) was found relevant in
reducing apathy in a post stroke population. Results were
Frontiers in Pharmacology | www.frontiersin.org 5
however not statistically significant at week 12 and only a
limited number of individuals were included (n = 13)
(Starkstein et al., 2016).

Aragona et al, however, reported an improvement in apathy
levels (AES) with bupropion in a case report of post-stroke
induced-apathy (left thalamus hemorrhagic stroke) (Aragona
et al., 2018).
DISCUSSION

Despite the early and important prevalence of apathy in many
neurodegenerative disorders, available pharmacological
treatments remain currently limited. Non-pharmacological
approaches have to be considered first line treatments for
apathy as for all behavioral and psychological symptoms in
dementia, eventually in association with pharmacological agents
if required. To our knowledge and irrespective to the putative
neural pathway, no pharmacological agent is currently
recommended for the specific management of apathy in
neurodegenerative. Investigated agents still remain so far off-
label prescribing. Drug trials on apathy have mainly focused
individuals with AD and PD. Despite conflicting results, agents
involved in the cholinergic neural pathway (ChEIs), alone or in
association with another pharmacological agent (cholinergic
precursor) or glutamatergic agent (memantine) (alone or in
association with SSRI) seems to be efficient in reducing levels of
apathy, even for an extended treatment period. Agents having
effects on the dopaminergic neural pathway (methylphenidate and
bupropion, that inhibit the recapture of dopamine, dopamine
agonists, L-Dopa) have also shown benefits in reducing apathy,
but most of published results often included a limited number of
participants over a limited treatment period. Results from the
ADMET2 ongoing study (200 participants over a 6-month
treatment duration) will likely provide insights on the interest of
using dopaminergic agents for the treatment of apathy. The
Figure 2 summarizes the main neural pathways targeted so far
for the treatment of apathy. Results from drug trials investigating
distinct hypotheses such as oxytocin are also expected.

All aforementioned pharmacologic options for apathy are
however likely to be associated with possible side effects that have
to be taken into account when prescribed. Considering the
cholinergic pathways, main side effects using CHEIs are
digestive (nausea, diarrhea, vomiting), cardiogenic (mild
decrease in the number of heart beats, rhythm disorders), and
neuropsychologic (hallucinations, agitation, aggressiveness,
seizure, fatigue, cephalalgia). With glutamatergic agents
(memantine), the following side effects have been reported:
fatigue, cephalalgia, digestive symptoms (nausea, constipation,
vomiting), neuropsychologic symptoms (anxiety, hallucinations,
sleep disorders, excessive sleepiness, confusion). Regarding
dopamine-targeting agents, reported side effects are as follows,
respectively with methylphenidate (addictive behaviors;
amphetamine-like intoxication including hypertension,
tachycardia, agitation, delusion, seizure,…; cardiogenic
symptoms such as arrythmia and hypertension), with L-Dopa
January 2020 | Volume 10 | Article 1581
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and dopa agonists (nausea and vomiting, anorexia, hypotension,
excessive sleepiness or nightmares, anxiety, agitation, delusion,
compulsive behaviors, and hypersexuality, dyskinesia).

Additionally, alternative therapeutic approaches such as
transcranial direct current stimulation (tDCS) may constitute
Frontiers in Pharmacology | www.frontiersin.org 6
new options for the treatment of apathy, considering the fact that
such techniques enable the possibility to directly stimulate deep
cerebral structures (anterior cingular cortex for apathy). One
study investigated this hypothesis with negative results on apathy
(40 AD individuals with 6 tDCS sessions over 2 weeks) (Suemoto
FIGURE 2 | Summary of pharmacological agents with higher levels of evidence for the management of apathy.
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et al., 2014). An optimized design with an increased and repeated
number of sessions would probably be of interest.

On a more clinical point of view, apathy is sharing several
overlapping symptoms with depression that could lead to
inappropriate diagnoses, and thus consequently to an
inappropriate treatment prescribing. Despite distinct neural
pathways (Murakami et al., 2013; Eyre et al., 2017; Prange
et al., 2019), apathy and depression are sharing similar
symptoms such as diminished interests, psychomotor
retardation, diminished decision making and initiatives.
Apathy is frequently misdiagnosed with depression leading to
antidepressant prescribing. In this line SSRIs (as well as SSNRIs
selective serotonin and norepinephrine reuptake inhibitors such
as duloxetine), usually prescribed as first line therapy in
depression, might increase the severity of apathy, when
inappropriately prescribed for apathy symptoms, whereas they
are effective in reducing depressive symptoms (in a Parkinson’s
disease population) (Takahashi et al., 2019). Several authors
suggest that the use of monoamine oxidase inhibitors (instead
of other antidepressant drugs) should be initiated first in chronic
neurodegeneration (Riederer and Muller, 2017).
Frontiers in Pharmacology | www.frontiersin.org 7
Considering evidences from non-neurodegenerative diseases,
others pharmacologic approaches showed benefits in reducing
apathy-like behaviors (improvement of negative symptoms with
aripiprazole, antidepressants, or topiramate in schizophrenia
(Veerman et al., 2017).

Additionally, recent animal studies showed interests in using
different pharmacologic targets such as antagonist of muscarinic
acetylcholine receptors (Hailwood et al., 2019) or selective 5-
HT2C receptor ligand (Bailey et al., 2018) to enhance
amotivation and goal-oriented behaviors.

However, despite the different proposed approaches, the
management of apathy and apathy-like behaviors remains
challenging in daily clinical routine.
AUTHOR CONTRIBUTIONS

AB and RD participated in the review of the literature and the
manuscript’s writing. VM and AK participated in the
manuscript’s writing and editing.
REFERENCES

Anand, A., Khurana, P., Chawla, J., Sharma, N., and Khurana, N. (2018). Emerging
treatments for the behavioral and psychological symptoms of dementia. CNS
Spectr. 23 (6), 361–369. doi: 10.1017/S1092852917000530

Aragona, B., De Luca, R., Piccolo, A., Le Cause, M., Destro, M., Casella, C., et al.
(2018). Is bupropion useful in the treatment of post-stroke thalamic apathy? A
case report and considerations. Funct. Neurol. 33 (4), 213–216.

Auffret, M., Le Jeune, F., Maurus, A., Drapier, S., Houvenaghel, J. F., Robert, G. H.,
et al. (2017). Apomorphine pump in advanced Parkinson’s disease: effects on
motor and nonmotor symptoms with brain metabolism correlations. J. Neurol.
Sci. 372, 279–287. doi: 10.1016/j.jns.2016.11.080

Azuar, C., and Levy, R. (2018). Behavioral disorders: the ‘blind spot’ of neurology
and psychiatry. Rev. Neurol. (Paris) 174 (4), 182–189. doi: 10.1016/
j.neurol.2018.02.083

Bailey, M. R., Goldman, O., Bello, E. P., Chohan, M. O., Jeong, N., Winiger, V.,
et al. (2018). An interaction between serotonin receptor signaling and
dopamine enhances goal-directed vigor and persistence in mice. J. Neurosci.
38 (9), 2149–2162. doi: 10.1523/JNEUROSCI.2088-17.2018

Benoit, M., and Robert, P. H. (2011). Imaging correlates ofapathy and depression
in Parkinson’s disease. J. Neurol. Sci. 310 (1–2), 58–60. doi: 10.1016/
j.jns.2011.07.006

Carotenuto, A., Rea, R., Traini, E., Fasanaro, A. M., Ricci, G., Manzo, V., et al.
(2017). The effect of the association between donepezil and choline
alphoscerate on behavioral disturbances in Alzheimer’s disease: interim
results of the ASCOMALVA trial. J. Alzheimers Dis. 56 (2), 805–815. doi:
10.3233/JAD-160675

Corpas, R., Grinan-Ferre, C., Palomera-Avalos, V., Porquet, D., Garcia de Frutos, P.,
Franciscato Cozzolino, S. M., et al. (2018). Melatonin induces mechanisms of brain
resilience against neurodegeneration. J. Pineal Res. 65 (4), e12515. doi: 10.1111/
jpi.12515

David, R., Koulibaly, M., Benoit, M., Garcia, R., Caci, H., Darcourt, J., et al. (2008).
“Striatal dopamine transporter levels correlate with apathy in neurodegenerative
diseases. A SPECT study with partial volume effect correction.” Clin. Neurol.
Neurosurg. 110 (1), 19–24. doi: 10.1016/j.clineuro.2007.08.007

Eyre, H. A., Siddarth, P., van Dyk, K., St Cyr, N., Baune, B. T., Barrio, J. R., et al.
(2017). Neural correlates of apathy in late-life depression: a pilot [(18) F]
FDDNP positron emission tomography study. Psychogeriatrics 17 (3), 186–
193. doi: 10.1111/psyg.12213
Finger, E., Berry, S., Cummings, J., Coleman, K., Hsiung, R., Feldman, H. H., et al.
(2018). Adaptive crossover designs for assessment of symptomatic treatments
targeting behaviour in neurodegenerative disease: a phase 2 clinical trial of
intranasal oxytocin for frontotemporal dementia (FOXY). Alzheimers Res.
Ther. 10 (1), 102. doi: 10.1186/s13195-018-0427-2

Gelderblom, H., Wustenberg, T., McLean, T., Mutze, L., Fischer, W., Saft, C., et al.
(2017). Bupropion for the treatment of apathy in Huntington’s disease: a
multicenter, randomised, double-blind, placebo-controlled, prospective
crossover trial. PloS One 12 (3), e0173872. doi: 10.1371/journal.pone.0173872

Hailwood, J. M., Heath, C. J., Phillips, B. U., Robbins, T. W., Saksida, L. M., and Bussey,
T. J. (2019). Blockade of muscarinic acetylcholine receptors facilitates motivated
behaviour and rescues a model of antipsychotic-induced amotivation.
Neuropsychopharmacology 44 (6), 1068–1075. doi: 10.1038/s41386-018-0281-8

Husain, M., and Roiser, J. P. (2018). Neuroscience of apathy and anhedonia: a
transdiagnostic approach. Nat. Rev. Neurosci. 19 (8), 470–484. doi: 10.1038/
s41583-018-0029-9

Kim, J. W., Lee, D. Y., Choo, I. H., Seo, E. H., Kim, S. G., Park, S. Y., et al. (2011).
Microstructural alteration of the anterior cingulum is associated with apathy in
Alzheimer disease. Am. J. Geriatr. Psychiatry 19 (7), 644–653. doi: 10.1097/
JGP.0b013e31820dcc73

Kishi, T., Matsunaga, S., and Iwata, N. (2017). The effects of memantine on
behavioral disturbances in patients with Alzheimer’s disease: a meta-analysis.
Neuropsychiatr. Dis. Treat 13, 1909–1928. doi: 10.2147/NDT.S142839

Lanctot, K. L., Aguera-Ortiz, L., Brodaty, H., Francis, P. T., Geda, Y. E., Ismail, Z.,
et al. (2017). Apathy associated with neurocognitive disorders: recent progress
and future directions. Alzheimers Dement 13 (1), 84–100. doi: 10.1016/
j.jalz.2016.05.008

Lavretsky, H., Ballmaier, M., Pham, D., Toga, A., and Kumar, A. (2007).
Neuroanatomical characteristics of geriatric apathy and depression: a
magnetic resonance imaging study. Am. J. Geriatr. Psychiatry 15 (5), 386–
394. doi: 10.1097/JGP.0b013e3180325a16

Lee, H. J., Macbeth, A. H., Pagani, J. H., and Young, W. S.3rd (2009). Oxytocin: the
great facilitator of life. Prog. Neurobiol. 88 (2), 127–151. doi: 10.1016/
j.pneurobio.2009.04.001

Lhommee, E., Wojtecki, L., Czernecki, V., Witt, K., Maier, F., Tonder, L., et al. (2018).
Behavioural outcomes of subthalamic stimulation and medical therapy versus
medical therapy alone for Parkinson’s disease with early motor complications
(EARLYSTIM trial): secondary analysis of an open-label randomised trial. Lancet
Neurol. 17 (3), 223–231. doi: 10.1016/S1474-4422(18)30035-8
January 2020 | Volume 10 | Article 1581

https://doi.org/10.1017/S1092852917000530
https://doi.org/10.1016/j.jns.2016.11.080
https://doi.org/10.1016/j.neurol.2018.02.083
https://doi.org/10.1016/j.neurol.2018.02.083
https://doi.org/10.1523/JNEUROSCI.2088-17.2018
https://doi.org/10.1016/j.jns.2011.07.006
https://doi.org/10.1016/j.jns.2011.07.006
https://doi.org/10.3233/JAD-160675
https://doi.org/10.1111/jpi.12515
https://doi.org/10.1111/jpi.12515
https://doi.org/10.1016/j.clineuro.2007.08.007
https://doi.org/10.1111/psyg.12213
https://doi.org/10.1186/s13195-018-0427-2
https://doi.org/10.1371/journal.pone.0173872
https://doi.org/10.1038/s41386-018-0281-8
https://doi.org/10.1038/s41583-018-0029-9
https://doi.org/10.1038/s41583-018-0029-9
https://doi.org/10.1097/JGP.0b013e31820dcc73
https://doi.org/10.1097/JGP.0b013e31820dcc73
https://doi.org/10.2147/NDT.S142839
https://doi.org/10.1016/j.jalz.2016.05.008
https://doi.org/10.1016/j.jalz.2016.05.008
https://doi.org/10.1097/JGP.0b013e3180325a16
https://doi.org/10.1016/j.pneurobio.2009.04.001
https://doi.org/10.1016/j.pneurobio.2009.04.001
https://doi.org/10.1016/S1474-4422(18)30035-8
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Bogdan et al. Pharmacological Management of Apathy
Liu, J., Cooper, C. A., Weintraub, D., and Dahodwala, N. (2019). Pharmacological
treatment of apathy in Lewy body disorders: a systematic review. Parkinsonism
Relat. Disord. 60, 14–24. doi: 10.1016/j.parkreldis.2018.11.002

Moretti, R., Caruso, P., and Dal Ben, M. (2017). “Rivastigmine as a Symptomatic
treatment for apathy in parkinson’s dementia complex: new aspects for this
riddle. Parkinsons Dis. 2017, 6219851. doi: 10.1155/2017/6219851

Mueller, C., Rajkumar, A. P., Wan, Y. M., Velayudhan, L., Ffytche, D., Chaudhuri,
K. R., et al. (2018). Assessment and management of neuropsychiatric
symptoms in parkinson’s disease. CNS Drugs 32 (7), 621–635. doi: 10.1007/
s40263-018-0540-6

Mundt-Petersen, U., and Odin, P. (2017). Infusional therapies, continuous
dopaminergic stimulation, and nonmotor symptoms. Int. Rev. Neurobiol.
134, 1019–1044. doi: 10.1016/bs.irn.2017.05.036

Murakami, T., Hama, S., Yamashita, H., Onoda, K., Kobayashi, M., Kanazawa, J.,
et al. (2013). Neuroanatomic pathways associated with poststroke affective and
apathetic depression. Am. J. Geriatr. Psychiatry 21 (9), 840–847. doi: 10.1016/
j.jagp.2013.01.057

Nagayama, H., Kano, O., Murakami, H., Ono, K., Hamada, M., Toda, T., et al.
(2019). Effect of istradefylline on mood disorders in Parkinson’s disease.
J. Neurol. Sci. 396, 78–83. doi: 10.1016/j.jns.2018.11.005

Ohsawa, M., Tanaka, Y., Ehara, Y., Makita, S., and Onaka, K. (2017). A possibility
of simultaneous treatment with the multicomponent drug, ninjin’yoeito, for
anorexia, apathy, and cognitive dysfunction in frail alzheimer’s disease
patients: an open-label pilot study. J. Alzheimers Dis. Rep. 1 (1), 229–235.
doi: 10.3233/ADR-170026

Phan, S. V., Osae, S., Morgan, J. C., Inyang, M., and Fagan, S. C. (2019).
Neuropsychiatric Symptoms in Dementia: considerations for Pharmacotherapy
in the USA. Drugs R D. 19 (2), 93–115. doi: 10.1007/s40268-019-0272-1

Prange, S., Metereau, E., Maillet, A., Lhommee, E., Klinger, H., Pelissier, P., et al.
(2019). Early limbic microstructural alterations in apathy and depression in de
novo Parkinson’s disease. Mov. Disord. doi: 10.1002/mds.27793

Rea, R., Carotenuto, A., Traini, E., Fasanaro, A. M., Manzo, V., and Amenta, F.
(2015). Apathy treatment in alzheimer’s disease: interim results of the
ASCOMALVA trial. J. Alzheimers Dis. 48 (2), 377–383. doi: 10.3233/JAD-141983

Rektorova, I. (2019). Current treatment of behavioral and cognitive symptoms of
Parkinson’s disease. Parkinsonism Relat. Disord. 59, 65–73. doi: 10.1016/
j.parkreldis.2019.02.042

Riederer, P., and Muller, T. (2017). Use of monoamine oxidase inhibitors in
chronic neurodegeneration. Expert Opin. Drug Metab. Toxicol. 13 (2), 233–
240. doi: 10.1080/17425255.2017.1273901

Riveros, R., Bakchine, S., Pillon, B., Poupon, F., Miranda, M., and Slachevsky, A.
(2018). Fronto-Subcortical circuits for cognition and motivation: dissociated
recovery in a case of loss of psychic self-activation. Front. Psychol. 9, 2781. doi:
10.3389/fpsyg.2018.02781

Rosenberg, P. B., Lanctot, K. L., Drye, L. T., Herrmann, N., Scherer, R. W.,
Bachman, D. L., et al. (2013). Safety and efficacy of methylphenidate for apathy
in Alzheimer’s disease: a randomized, placebo-controlled trial. J. Clin.
Psychiatry 74 (8), 810–816. doi: 10.4088/JCP.12m08099

Rosqvist, K., Odin, P., Hagell, P., Iwarsson, S., Nilsson, M. H., and Storch, A.
(2018). Dopaminergic effect on non-motor symptoms in late stage Parkinson’s
disease. J. Parkinsons Dis. 8 (3), 409–420. doi: 10.3233/JPD-181380

Ruthirakuhan, M. T., Herrmann, N., Abraham, E. H., Chan, S., and Lanctot, K. L.
(2018). Pharmacological interventions for apathy in Alzheimer’s disease.
Cochrane Database Syst. Rev. 5, CD012197. doi: 10.1002/14651858.
CD012197.pub2.

Scherer, R. W., Drye, L., Mintzer, J., Lanctot, K., Rosenberg, P., Herrmann, N.,
et al. (2018). The Apathy in Dementia Methylphenidate Trial 2 (ADMET 2):
study protocol for a randomized controlled trial. Trials 19 (1), 46. doi: 10.1186/
s13063-017-2406-5

Sepehry, A. A., Sarai, M., and Hsiung, G. R. (2017). “Pharmacological Therapy for
Apathy in Alzheimer’s Disease: a systematic review and meta-analysis.” Can. J.
Neurol. Sci. 44 (3), 267–275. doi: 10.1017/cjn.2016.426
Frontiers in Pharmacology | www.frontiersin.org 8
Seppi, K., Ray Chaudhuri, K., Coelho, M., Fox, S. H., Katzenschlager, R., Perez
Lloret, S., et al. (2019). Update on treatments for nonmotor symptoms of
Parkinson’s disease-an evidence-based medicine review. Mov. Disord. 34 (2),
180–198. doi: 10.1002/mds.27602

Starkstein, S. E., Mizrahi, R., Capizzano, A. A., Acion, L., Brockman, S., and Power,
B. D. (2009). Neuroimaging correlates of apathy and depression in Alzheimer’s
disease. J. Neuropsychiatry Clin. Neurosci. 21 (3), 259–265. doi: 10.1016/
j.jstrokecerebrovasdis.2016.01.032

Starkstein, S. E., Brockman, S., Hatch, K. K., Bruce, D. G., Almeida, O. P., Davis,
W. A., et al. (2016). A randomized, placebo-controlled, double-blind efficacy
study of nefiracetam to treat poststroke apathy. J. Stroke Cerebrovasc. Dis. 25
(5), 1119–1127. doi: 10.1176/appi.neuropsych.21.3.25910.1176/jnp.2009.
21.3.259

Suemoto, C. K., Apolinario, D., Nakamura-Palacios, E. M., Lopes, L., Leite, R. E.,
Sales, M. C., et al. (2014). Effects of a non-focal plasticity protocol on apathy in
moderate Alzheimer’s disease: a randomized, double-blind, sham-controlled
trial. Brain Stimul. 7 (2), 308–313. doi: 10.1016/j.brs.2013.10.003

Takahashi, M., Tabu, H., Ozaki, A., Hamano, T., Takeshima, T.XXXR. s. group
(2019). Antidepressants for depression, apathy, and gait instability in
Parkinson’s disease: a multicenter randomized study. Intern Med. 58 (3),
361–368. doi: 10.2169/internalmedicine.1359-18

Theleritis, C., Siarkos, K., Katirtzoglou, E., and Politis, A. (2017). Pharmacological
and nonpharmacological treatment for apathy in alzheimer disease: a
systematic review across modalities. J. Geriatr. Psychiatry Neurol. 30 (1), 26–
49. doi: 10.1177/0891988716678684

Veerman, S. R. T., Schulte, P. F. J., and de Haan, L. (2017). Treatment for negative
symptoms in schizophrenia: a comprehensive review. Drugs 77 (13), 1423–
1459. doi: 10.1007/s40265-017-0789-y

Vergallo, A., Giampietri, L., Pagni, C., Giorgi, F. S., Nicoletti, V., Miccoli, M., et al.
(2019). Association between CSF Beta-Amyloid and apathy in early-stage
alzheimer disease. J. Geriatr. Psychiatry Neurol. 32 (3), 164–169. doi: 10.1177/
0891988719838627

Wang, H. T., Wang, L., He, Y., and Yu, G. (2018). Rotigotine transdermal patch for
the treatment of neuropsychiatric symptoms in Parkinson’s disease: a meta-
analysis of randomized placebo-controlled trials. J. Neurol. Sci. 393, 31–38. doi:
10.1016/j.jns.2018.08.003

Young, J. J., Lavakumar, M., Tampi, D., Balachandran, S., and Tampi, R. R. (2018).
Frontotemporal dementia: latest evidence and clinical implications. Ther. Adv.
Psychopharmacol. 8 (1), 33–48. doi: 10.1177/2045125317739818

Zahodne, L. B., Gongvatana, A., Cohen, R. A., Ott, B. R., and Tremont, G. (2013).
Are apathy and depression independently associated with longitudinal
trajectories of cortical atrophy in mild cognitive impairment? Am. J. Geriatr.
Psychiatry 21 (11), 1098–1106. doi: 10.1016/j.jagp.2013.01.043

Zhou, T., Wang, J., Xin, C., Kong, L., and Wang, C. (2019). Effect of memantine
combined with citalopram on cognition of BPSD and moderate Alzheimer’s
disease: a clinical trial. Exp. Ther. Med. 17 (3), 1625–1630. doi: 10.3892/
etm.2018.7124

Zhu, C. W., Grossman, H. T., and Sano, M. (2019). Why do they just sit? apathy as
a core symptom of alzheimer disease. Am. J. Geriatr. Psychiatry 27 (4), 395–
405. doi: 10.1016/j.jagp.2018.12.013

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Bogdan, Manera, Koenig and David. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.
January 2020 | Volume 10 | Article 1581

https://doi.org/10.1016/j.parkreldis.2018.11.002
https://doi.org/10.1155/2017/6219851
https://doi.org/10.1007/s40263-018-0540-6
https://doi.org/10.1007/s40263-018-0540-6
https://doi.org/10.1016/bs.irn.2017.05.036
https://doi.org/10.1016/j.jagp.2013.01.057
https://doi.org/10.1016/j.jagp.2013.01.057
https://doi.org/10.1016/j.jns.2018.11.005
https://doi.org/10.3233/ADR-170026
https://doi.org/10.1007/s40268-019-0272-1
https://doi.org/10.1002/mds.27793
https://doi.org/10.3233/JAD-141983
https://doi.org/10.1016/j.parkreldis.2019.02.042
https://doi.org/10.1016/j.parkreldis.2019.02.042
https://doi.org/10.1080/17425255.2017.1273901
https://doi.org/10.3389/fpsyg.2018.02781
https://doi.org/10.4088/JCP.12m08099
https://doi.org/10.3233/JPD-181380
https://doi.org/10.1002/14651858.CD012197.pub2.
https://doi.org/10.1002/14651858.CD012197.pub2.
https://doi.org/10.1186/s13063-017-2406-5
https://doi.org/10.1186/s13063-017-2406-5
https://doi.org/10.1017/cjn.2016.426
https://doi.org/10.1002/mds.27602
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.032
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.032
https://doi.org/10.1176/appi.neuropsych.21.3.25910.1176/jnp.2009.21.3.259
https://doi.org/10.1176/appi.neuropsych.21.3.25910.1176/jnp.2009.21.3.259
https://doi.org/10.2169/internalmedicine.1359-18
https://doi.org/10.1177/0891988716678684
https://doi.org/10.1007/s40265-017-0789-y
https://doi.org/10.1177/0891988719838627
https://doi.org/10.1177/0891988719838627
https://doi.org/10.1016/j.jns.2018.08.003
https://doi.org/10.1177/2045125317739818
https://doi.org/10.1016/j.jagp.2013.01.043
https://doi.org/10.3892/etm.2018.7124
https://doi.org/10.3892/etm.2018.7124
https://doi.org/10.1016/j.jagp.2018.12.013
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Pharmacologic Approaches for the Management of Apathy in Neurodegenerative Disorders
	Introduction
	Method
	Results
	Alzheimer’s Disease
	Reviews and Meta-Analyses
	Randomized Controlled Trials (RCT)
	Observational Studies
	Animal Research

	Other Disorders
	Parkinson’s Disease
	Fronto-Temporal Dementia (FTD)
	Huntington Disease
	Other Disorders


	Discussion
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


