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Abstract

Apathy is a highly prevalent symptom of dementia. Despite its association with faster cognitive and functional decline,
decreased quality of life and increased mortality, no therapies are currently approved to treat apathy. The objective of this
review was to summarize the drugs that have been studied for apathy treatment in patients with dementia (specifically Alzhei-
mer’s disease [AD], Huntington’s disease [HD] and Parkinson’s disease [PD] dementia; dementia with Lewy bodies [DLB];
vascular dementia [VaD]; and frontotemporal dementia [FTD]) based on their putative mechanisms of action. A search for
relevant studies was performed using ClinicalTrials.gov and PubMed. Eligible studies were randomized controlled trials
that were available in English and included at least one drug intervention and an apathy measure scale. A total of 52 studies
that included patients with AD (n = 33 studies), PD (n =5), HD (n = 1), DLB (n = 1), FTD (n = 3), VaD (n = 1), VaD and
AD (n =4), VaD and mixed dementia (n = 1), and AD, VaD and mixed dementia (n = 3) were eligible for inclusion. These
studies showed that methylphenidate, olanzapine, cholinesterase inhibitors, choline alphoscerate, citalopram, memantine, and
mibampator are the only beneficial drugs in AD-related apathy. For PD-related apathy, only methylphenidate, rotigotine and
rivastigmine showed benefits. Regarding FTD- and DLB-related apathy, initial studies with agomelatine and rivastigmine
showed benefits, respectively. As for HD- and only-VaD-related apathy, no drugs demonstrated benefits. With regards to
mixed populations, memantine, galantamine and gingko biloba showed effects on apathy in the AD plus VaD populations
and nimodipine in the VaD plus mixed dementia populations. Of the drugs with positive results, some are already prescribed
to patients with dementia to target other symptoms, some have characteristics—such as medical contraindications (e.g., car-
diovascular) and adverse effects (e.g., gastrointestinal disturbances)—that limit their clinical use and some require further
study. Future studies should investigate apathy as a primary outcome, making use of appropriate sample sizes and study
durations to ensure durability of results. There should also be a consensus on using scales with high test/retest and interrater
reliabilities to limit the inconsistencies between clinical trials. In conclusion, there are currently no US FDA-approved drugs
that target apathy in dementia, so there is an ongoing need for the development of such drugs.

1 Introduction

Dementia is a highly prevalent brain disorder characterized
by a progressive decline in mental capacity leading to com-
promised independent living [1]. In 2015, 46 million people
worldwide had dementia, and the prevalence is estimated to
increase to 132 million by 2050 [1]. Globally, the cost of
dementia was $US818 billion in 2015 and is estimated to
reach $US2 trillion by 2030 [2]. There are several types of
dementias. Alzheimer’s disease (AD) is the most common
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type, followed by vascular dementia (VaD) [3]. Other com-
mon dementias include Parkinson’s disease (PD) dementia,
Huntington’s disease (HD) dementia, dementia with Lewy
bodies (DLB) and frontotemporal dementia (FTD) [1, 3].
Along with cognitive decline, those with dementia experi-
ence behavioral and psychological symptoms, contributing
to a poorer quality of life [4]. One such symptom is apathy.
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Apathy is defined as a loss of initiative, interest and emo-
tional expression/responsiveness and is commonly found
in people with dementia.

No pharmacological therapies are currently approved to
treat apathy.

This review covers the drugs that have been investi-
gated as options for apathy in patients with Alzheimer’s
disease, Huntington’s disease or Parkinson’s disease
dementia, Lewy body dementia, vascular dementia and
frontotemporal dementia.

Some agents show promise (particularly methylpheni-
date for apathy associated with Alzheimer’s disease), but
further well-designed studies using apathy as a primary
outcome and with appropriate sample sizes and study
durations are required.

Apathy is one of the most common neuropsychiatric
symptoms of dementia and was first characterized by Marin
[5] as a lack of motivation. Studies have shown apathy’s
association with greater cognitive and functional impair-
ment, increased reliance on caregivers to initiate activities,
decreased quality of life and increased mortality [6-9]. Its
prevalence in AD, FTD, DLB, VaD, PD, and HD is up to 95,
100, 50, 65, 62 and 76%, respectively [10—13]. Apathy as a
syndrome is not formally recognized in the Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition (DSM-
5), so its research diagnosis may depend on consensus cri-
teria that are decided upon and widely accepted by experts
in the field, such as those for apathy in brain disorders [14]
or in dementia [15]. Apathy is now defined based on dimin-
ished goal-directed behavior [14, 15], and the latter criteria
diagnose apathy based on diminished initiative, diminished
interest or diminished emotional expression/responsiveness
that causes significant functional impairment and that is
not exclusively explained by other etiologies. Apathy has
also been measured based on cutoffs from scales measuring
severity such as the Apathy Evaluation Scale (AES), the
Lille Apathy Rating Scale (LARS) and the apathy subscales
of the Neuropsychiatric Inventory (NPI-apathy), and Frontal
Systems Behavioral Scale (FrSBe-apathy), among others.

Studies have shown that, across the different neurodegen-
erative disorders, consistent changes are observed mainly in
the fronto-striatal circuits, the dorsal anterior cingulate cor-
tex and the ventral striatum (VS), which includes the nucleus
accumbens (NAc) [16]. In these brain regions, apathy has
been proposed to be associated with dysfunction of various
neurotransmitter systems, such as the cholinergic system and
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dopaminergic system [17, 18]. The major neurotransmitter
systems that have commonly either been associated with
apathy or have been hypothesized to have an association
with apathy are discussed in this review.

Apathy is of increasing interest as a treatment target
because of its negative impact on the quality of life of
patients and their caregivers. Currently, behavioral inter-
ventions delivered by caregivers are deemed a safe treat-
ment for several neuropsychiatric symptoms in dementia,
compared with pharmacological treatment, because of the
lack of adverse effects [19]. However, studies on the effects
of behavioral interventions on apathy specifically have not
been investigated thoroughly [19]. Few drugs are used for
the symptomatic management of apathy, and none have been
approved by health regulatory agencies for this indication.
The purpose of this review was to summarize the candidate
drugs for apathy treatment in patients with dementia with
a focus on the putative mechanism of action for the drugs
studied. Additionally, this review examines the treatments
for apathy symptoms found in various types of dementia,
which previous review papers rarely discussed.

To review the studies on drug treatment for apathy in
dementia published up to 31 October 2021, we searched
the US National Library of Medicine clinical trials regis-
try (https://www.clinicaltrials.gov/) and the bibliographic
database of life sciences PubMed (https://www.ncbi.nlm.
nih.gov/). The search criteria of the condition or disease
included keywords such as “Alzheimer’s disease,” “demen-
tia,” “frontotemporal dementia,” “Lewy-body dementia,”
“vascular dementia,” “Parkinson’s disease,” and “Hunting-
ton’s disease,” and included terms such as “AND apathy”
OR “emotional bluntness” OR “lack of interest” OR “aner-
gia” in the search. The search was restricted to English only
and included placebo- or drug comparator-controlled rand-
omized controlled trials with at least one drug intervention
and at least one scale that measures apathy. We performed
a quality assessment of the studies that fulfilled the inclu-
sion criteria using the Cochrane Checklist for randomized
controlled trials [20].

2 Neurotransmitter Systems and Drugs

Results are organized by the neurotransmitter systems
that have been implicated in apathy in neurodegenerative
diseases. Within each section, we described the different
drugs whose putative mechanism of action (where known)
included that system. The tables provided in each section
include studies where apathy was a primary or a secondary
outcome (Tables 1, 2, 3, 4, 5, 6, 7, 8, 9). For the purposes
of this review, we considered apathy as a primary outcome
where an apathy scale (e.g., AES) was used or where apathy
scores could have been derived from a composite behavioral
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Table 1 List of studies evaluating the effects of drugs affecting the dopaminergic system for apathy in AD
Drugs Study Study details  People (n) Dose Trial length Outcome measure for
apathy
Agonists and catecholamine reuptake inhibitors
Methylphenidate Herrmann et al. [29] DB, CO, RCT 13 10 mg BID 5 wks AES? and NPI-apathy
(DAandNE -~ Rosenberg et al. [31] DB, PC,RCT 60 10 mg daily for 3 6 wks AES?, CGI-apathy®
reuptake inhibi- wks, then 20 mg and NPI-apathy
tor) daily
Padala et al. [30] DB, PC,RCT 60 5 mg BID for 2 wks, 12 wks AES?
then 10 mg BID
Mintzer et al. [32, DB, PC,RCT 200 20 mg daily 6 mo NPI-apathy®
43]
Modafinil (DA Frakey et al. [33] DB, PC,RCT 23 200 mg daily 8 wks FrSBe-apathy®
receptor agonist)
Sembragiline Nave et al. [34] DB, PC,RCT 542 1or5mg 12 mo AES-clinician
(MAOB inhibitor)
Antagonists
Perphenazine (DA, Pollock et al. [35] DB, PC,RCT 85 (61 AD, 6 VaD, 2 Citalopram 10 mg/ 17 days NRS-apathy
receptor antago- MD, 16 unspeci- day for 3 days, then
nist) fied dementia) 20 mg/day for 14
days or perphena-
zine 0.05 mg/kg/
day for 3 days then
0.1 mg/kg/day for
14 days or PL
Olanzapine (DA De Deynetal. [37] DB, PC,RCT 652 1,2.5,5,0r 7.5 mg 12 wks NPI-NH-apathy
and 5HT receptor daily
antagonist)
Aripiprazole (DA, De Deynetal. [36, DB, PC,RCT 232 2 mg for 2 wks; then 10 wks NPI-apathy

and 5HT, , recep-  44]
tor partial agonist,

and SHT, recep-

tor antagonist)

2-5 mg for 2 wks,
2-10 mg for 2 wks
and 2-15 mg for
final 3 wks

5HT 5-hydroxy tryptamine (serotonin), AD Alzheimer’s disease, AES Apathy Evaluation Scale, BID twice daily, CGI Clinical Global Impres-
sion, CO crossover, DA dopamine, DB double blind, FrSBe Frontal Systems Behavioral Scale, MAOB monoamine oxidase B, MD mixed demen-
tia, mo month(s), NE norepinephrine, NPI Neuropsychiatric Inventory, NPI-NH Neuropsychiatric Inventory-Nursing Home, NRS Neurobehavior
Rating Scale, PC placebo controlled, PL placebo, RCT randomized controlled trial, VaD vascular dementia, wk(s) week(s)

*Primary outcome measures

scale (e.g., NPI). A total of 52 studies fulfilled the inclusion
criteria, and the risk of bias for most studies included was
low (see the Appendix).

2.1 Dopaminergic System

Dopamine is a central nervous system (CNS) neurotransmit-
ter involved in executive function, motor control, motivation,
arousal, reinforcement and reward [21]. A dopamine imbal-
ance is commonly observed among patients with dementia.
Studies observed a significantly reduced level of dopamine
in AD [22]. Similarly, disruptions of the fronto-striatal
and mesocortical dopamine network were observed in PD
dementia [23, 24]. Likewise, in HD dementia, substantial
losses in dopamine function were observed [25]. In FTD,
DLB and VabD, studies observed lower levels of dopamine
and dopamine receptors in the basal ganglia [26-28]. Studies

also showed that disruptions in the brain reward pathway,
i.e., neurons projecting from the ventral tegmental area to
the NAc/VS and prefrontal cortex, mainly the medial frontal
cortex, orbitofrontal cortex and anterior cingulate cortex,
were observed in all the above-mentioned dementias and
were associated with lack of motivation or apathy [17]. Sec-
tions 2.1.1 and 2.1.2 list the studies that explored the effects
of treatments targeting the dopaminergic system on apathy.

2.1.1 Drugs Affecting the Dopaminergic System
in Alzheimer’s Disease (AD)

Four studies explored the effects of methylphenidate on apa-
thy in AD populations (Table 1). A methylphenidate study
by Herrmann et al. [29] measured apathy with AES and NPI-
apathy as a primary and a secondary outcome, respectively.
Results with AES showed a significant reduction in apathy
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in the methylphenidate group compared with placebo (Wil-
coxon Z = —2.00; p = 0.045), whereas results with NPI-
apathy showed no effects of methylphenidate on apathy [29].
Similarly, Padala et al. [30] showed a significant reduction in
apathy at week 12 in the methylphenidate group compared
with placebo based on results with the AES-clinician (—9.9;
95% confidence interval [CI] —13.6 to —6.2; p < 0.001)
[30]. Rosenberg et al. [31] measured apathy with both the
AES and the NPI-apathy, as primary and secondary out-
comes, respectively. The other primary outcome was Clini-
cal Global Impression modified for apathy (CGI-apathy).
There were no significant effects on apathy based on results
with AES, but more people showed a reduction in apathy
in the methylphenidate group than with placebo based on
results with CGI-apathy (21 vs. 3%; odds ratio 3.7; 95% CI
1.3-10.8; p = 0.02). Results with NPI-apathy also showed
a significant reduction in apathy with methylphenidate than
with placebo (—1.8; 95% CI —3.4 to —0.3; p = 0.02) [31].
Lastly, Mintzer et al. [32] showed a significant reduction in
apathy in the methylphenidate group in comparison with
placebo based on results with NPI-apathy as a primary out-
come measure (— 1.25;95% CI —2.03 to —0.47; p = 0.002).
Of the four methylphenidate studies, Padala et al. [30] and
Rosenberg et al. [31] had large effect sizes of 1 and 1.7,
respectively, whereas the effect sizes for Herrmann et al.
[29] and Mintzer et al. [32] were modest at 0.62 and small
at 0.37, respectively.

Frakey et al. [33] explored the effects of modafinil on apa-
thy in patients with AD (Table 1). Apathy was measured as
a primary outcome with FrSBe-apathy. The results showed
a trend towards a reduction in apathy in the modafinil group
at week 8 in comparison with baseline, but the changes were
not significant when compared with placebo [33].

Nave et al. [34] explored the effects of sembragiline on
apathy in patients with AD (Table 1). Apathy was measured

with the AES-clinician as a secondary outcome. The results
showed no effects of sembragiline on apathy [34].

Three studies explored the effects of dopamine antago-
nists on apathy as a secondary outcome (Table 1). A per-
phenazine study by Pollock et al. [35] observed no effects
of perphenazine on apathy based on results with Neurobe-
havioral Rating Scale (NRS)-apathy. Likewise, an aripipra-
zole study by De Deyn et al. [36] showed no effects of ari-
piprazole on apathy, based on results with NPI-apathy. On
the other hand, an olanzapine study by De Deyn et al. [37]
observed a significant reduction in apathy in the olanzapine
5 mg group in comparison with placebo (—1.8 £ 3.1;n =
123; p = 0.043), based on results with NPI-nursing home
(NPI-NH)-apathy. The calculated effect size was small at
0.23 [37]. It should be noted that olanzapine has opposite
effects to methylphenidate and modafinil on dopamine
receptors. Methylphenidate acts directly by increasing the
normally decreased dopamine levels in AD populations,
whereas olanzapine works as an antipsychotic with dopa-
mine D, receptor antagonism, which generally addresses
neuropsychiatric symptoms and probably has a nonspecific
effect on apathy. These medications were reviewed together
for better interpretation of the potential effects of manipulat-
ing the dopaminergic system. Even though it might appear
that a stimulant and an antipsychotic drug would have
opposing effects, the use of both has shown an increase in
tonic dopamine levels [38].

2.1.2 Drugs Affecting the Dopaminergic System
in Parkinson’s Disease (PD)

The methylphenidate study by Moreau et al. [39] meas-
ured apathy as a secondary outcome with LARS (Table 2).
Results showed significant reduction in apathy in a sub-
group of seven patients, with moderate apathy in the

Table 2 List of studies evaluating the effects of drugs affecting the dopaminergic system for apathy in PD

Drugs Study Study details People (n) Dose Trial length Outcome measures for
apathy
Methylphenidate (DA Moreau et al. [39,45] DB, PC,RCT 69 10 mg TID 3 mo LARS

and NE reuptake
inhibitor)

Rotigotine (DA receptor
agonist)

Hauser et al. [40] DB, PC,RCT 122

Castrioto et al. [41] DB, PC,RCT 199

Rasagiline (MAOB
inhibitor)

Barone et al. [42] DB, PC, RCT 123

8 mg daily for early 19 wks AS-patient?, AS-caregiver,
PD; 16 mg daily for and NMSS-mood/apathy
late PD

8 mg daily 6 mo LARS? SAS, and

ASBPD-apathy

1 mg daily 12 wk AS

AS Apathy Scale, ASBPD Ardouin Scale of Behavior in Parkinson’s disease, DA dopamine, DB double blind, LARS Lille Apathy Rating Scale,
MAOB monoamine oxidase B, mo month(s), NE norepinephrine, NMSS Non-Motor Symptom Scale, PC placebo controlled, PD Parkinson’s dis-
ease, RCT randomized controlled trial, SAS Starkstein Apathy Scale, TID three times daily, wk(s) week(s)

*Primary outcome measures
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methylphenidate group in comparison with a subgroup of
five patients with moderate apathy in the placebo group (p
= 0.03) [39]. When considering all the participants in the
study, results with LARS showed no changes in apathy in
the methylphenidate group in comparison with placebo [39].

A study by Hauser et al. [40] investigating rotigotine
showed no significant difference in apathy in the rotigotine
16 mg group in comparison with placebo, based on results
with the patient-rated Apathy Scale (AS-patient) (Table 2).
Similarly, the caregiver-rated AS (AS-caregiver) also
showed no significant difference in apathy with either rotigo-
tine 8 or 16 mg [40]. On the other hand, Non-Motor Symp-
tom Scale (NMSS)-mood/apathy results showed a significant
reduction in apathy only in the rotigotine 16 mg group in
comparison with placebo (—3.88; 95% CI —7.46 to — 0.30;
p =0.034), with a small effect size of 0.187 [40]. AS-patient
was the only primary outcome measure for apathy, whereas
NMSS-mood/apathy and AS-caregiver were secondary out-
come measures [40]. Castrioto et al. [41] utilized LARS to
measure apathy as a primary outcome, with the Starkstein
Apathy Scale (SAS) and Ardouin Scale of Behavior in Par-
kinson’s Disease (ASBPD)-apathy as secondary outcome
measures (Table 2). Results with all three apathy outcome
measures showed no significant differences with rotigotine
versus placebo on apathy [41].

Lastly, Barone et al. [42] showed no effects of rasagiline
on apathy, based on results with AS as a secondary outcome
measure (Table 2).

2.2 Cholinergic System

Acetylcholine is a neurotransmitter that plays important roles
in both the CNS and the peripheral nervous system [46]. It is
involved in functions that are highly relevant to dementias,
such as attention, learning, memory, and wakefulness and
sleep [46]. Cholinergic neuron degeneration has been shown
to play a significant role in the cognitive impairment aspect
of dementia [47]. In patients with AD, studies observed a
severe loss of cholinergic neurons in the basal forebrain and
cerebral cortex, especially in the temporal lobes [46]. In
comparison with AD, studies in PD dementia observed more
severe cholinergic neuron loss occurring at an earlier stage
[48, 49]. In early HD dementia, a decrease in acetylcholine
cerebrospinal fluid (CSF) levels was observed, whereas a
decrease in cholinergic neurons was observed in late HD
dementia [50]. Similarly, degeneration of the cholinergic
system in the basal forebrain was reported in VaD and DLB
[28, 51]. Major cholinergic deficiencies have been shown to
disrupt the communication between the limbic system and
the neocortical regions, mainly the medial, lateral frontal
and anterior temporal regions of the brain [47]. This may
play a key role in the development of apathy. Sections 2.2.1

to 2.2.4 list the studies that explored the effects of treatments
that modify the cholinergic system on apathy.

2.2.1 Drugs Affecting the Cholinergic System in AD

A post hoc analysis of three clinical trials by Herrmann et al.
[52] explored the effects of galantamine on apathy in patients
with AD (Table 3). Individual NPI domain scores were one
of the primary outcome measures, including NPI-apathy.
Results showed no significant reduction in mean changes
between groups. However, a significant reduction in mean
was noted for one of the priori clusters (cluster 4) of behav-
ioral symptoms, including apathy, in the galantamine group
in comparison with placebo (—0.69; ¥*=6.87; p < 0.05)
[52]. Similarly, a study by Cummings et al. [53] showed a
modest but significant reduction in apathy with galantamine
16 mg/day (—2.5;95% CI —4.6 to —0.3; p < 0.05) and gal-
antamine 24 mg/day (—2.5;95% CI —4.7 to —0.4; p < 0.05)
compared with placebo, based on results with NPI-apathy as
one of the secondary outcome measures [53].

Five studies in patients with AD explored the effects of
metrifonate on apathy (Table 3). Kaufer et al. [54] showed
that apathy was significantly reduced with metrifonate
compared with placebo (—0.74; p = 0.03) based on results
with NPI-apathy as a secondary outcome. Morris et al. [55]
observed a trend towards reduced apathy with metrifonate
compared with placebo, but the results were not significant.
On the other hand, Dubois et al. [56] showed a significant
and modest reduction in apathy with metrifonate 60/80 mg
compared with placebo (—0.70; p = 0.048) based on results
with NPI-apathy. Another metrifonate study by Raskind
et al. [57] showed a nonsignificant trend towards reduction in
apathy in the metrifonate group in comparison with placebo,
based on results with NPI-apathy. Lastly, Cuammings et al.
[58] reported a significant reduction in apathy in the metri-
fonate group in comparison with placebo, based on results
with NPI-apathy. The reported effect size was small at 0.15
[58]. For all metrifonate studies, except the study by Kaufer
et al. [54], apathy was not an outcome of interest. The NPI-
apathy scores were reported while investigating NPI-total as
the secondary outcome measure.

Six studies in patients with AD explored the effects of
donepezil on apathy (Table 3). Tariot et al. [59] showed no
significant difference in apathy in the donepezil group after
24 weeks in comparison with baseline based on results with
NPI-NH-apathy. Gauthier et al. [60] measured apathy in 290
patients with AD with NPI-apathy. Results showed a sig-
nificant reduction in apathy favoring the donepezil group
in comparison with placebo (83 vs. 70% reduction in NPI-
apathy; p = 0.0058). Similar results with NPI-apathy were
observed in another study by Gauthier et al. [61] with 270
patients with AD. Holmes et al. [62] also showed a signifi-
cant reduction in apathy in the donepezil group at week 12
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Table 3 List of studies evaluating the effects of drugs affecting the cholinergic system for apathy in AD

Drugs Study Study details People (n)  Dose Trial length Outcome meas-
ures for apathy
Galantamine (ChEI) Herrmann et al. [52] Post hoc analysis of 2033 16, 24, or 32 mg 3,5, or6mo  NPI-apathy®
three clinical trials
Cummings et al. [53] DB, PC, RCT 978 Following a 4-wk single-blind, PL 21 wks NPI-apathy
lead-in period, pts were randomly
assigned to one of four treatment
arms for 21 wks: PL, galantamine
8, 16, or 24 mg daily. The 16-mg/
day group initially received 8 mg/
day for 4 wks then 16 mg/day for
17 wks. The 24-mg/day group
received 8 mg/day for 4 wks, then
16 mg/day for wks 5-8, then 24
mg/day for the remaining 13 wks
Metrifonate (ChEI) Kaufer et al. [54] DB, PC, RCT 408 2.0 mg/kg daily for 2 wks, then 26 wks NPI-apathy
single daily maintenance dose of
0.65 mg/kg (30-60 mg total) for
the rest of the study
Morris et al. [55] DB, PC, RCT 408 100-180 mg for 2 wks, then 30-60 26 wks NPI-apathy
mg for 24 wks
Dubois et al. [56] DB, PC, RCT 605 40-50 or 60-80 mg 26 wks NPI-apathy
Raskind et al. [57] DB, PC, RCT 264 50 mg daily 26 wks NPI-apathy
Cummings et al. [58] Post hoc analysis of 672 30-60 or 50 mg daily 26 wks NPI-apathy
two clinical trials
[55, 57]
Donepezil (ChEI) Tariot et al. [59] DB, PC, RCT 208 10 mg daily 24 wks NPI-apathy
Gauthier et al. [60] DB, PC, RCT 290 5 mg daily for 28 days, then 10 mg 24 wks NPI-apathy
daily
Gauthier et al. [61] DB, PC, RCT 270 5 mg daily for 28 days, then 10 mg 24 wks NPI-apathy
daily
Holmes et al. [62] DB, open-labeled, 134 Open-label 5 mg daily for 6 wks, 12 wks NPI-apathy
PC, RCT then open-label 10 mg daily for 6
wks, then randomized 10 mg daily
for 12 wks
Seltzer et al. [64] DB, PC, RCT 153 5 mg daily for the first 6 wks, then 24 wks AS
forced escalation to 10 mg daily
for the rest of the study
Feldman et al. [63] Post hoc analysis of a 134 Open-label 5 mg daily for 6 wks, 12 wks NPI-apathy
clinical trial [62] then open-label 10 mg daily for 6
wks, then randomized 10 mg daily
for 12 wks
Choline alphoscerate ~ Rea et al. [65, 70] DB, PC, RCT 113 1200 mg/day of study drug and 10 24 mo NPI-apathy
(precursor to ACh) mg/day of donepezil or PL and 10
mg/day of donepezil
Tacrine (ChEI) Ahlin et al. [66] DB, PC, CO, RCT 15 4 wks of period 1, where pts rand- 9 wks NOSIE-interest

omized to tacrine 75-150 mg/day
or PL. Then 1-wk washout phase,
and another 4 wks of period 2

ACh acetylcholine, AD Alzheimers disease, AS Apathy Scale, ChEI cholinesterase inhibitor, CO crossover, DB double blind, mo month(s),
NOSIE Nurses’ Observation Scale for Inpatient Evaluation, NPI Neuropsychiatric Inventory, PC placebo controlled, PL placebo, pt(s) patient(s),
RCT randomized controlled trial, wk(s) week(s)

in comparison with baseline, based on results with NPI-apa-
thy. NPI-apathy scores for placebo and donepezil groups
were not compared; however, NPI-total scores significantly
decreased in the donepezil group in comparison with pla-
cebo on study week 24 (—2.9 vs. 3.3; p = 0.02) [62]. Feld-
man et al. [63] also showed a significant reduction in apathy
in the donepezil group in comparison with placebo, based
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on results with NPI-apathy. None of these donepezil studies
identified apathy as an outcome of interest. The NPI-apathy
scores were reported while investigating NPI-total as the
primary outcome measure (Tariot et al. [S9] and Holmes
et al. [62]) or as the secondary outcome measure (Gauthier
et al. [60, 61] and Feldman et al. [63]). Lastly, the donepezil
study by Seltzer et al. [64] explored apathy as a secondary
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outcome with AS. Results showed no significant difference
in apathy in the donepezil group in comparison with placebo
[64].

A choline alphoscerate study by Rea et al. [65] measured
apathy as a secondary outcome via the NPI-apathy scale
(Table 3). Results showed a significant reduction in apathy in
the choline alphoscerate group in comparison with placebo
[65]. However, apathy was not an outcome of interest for
this study. While investigating NPI-total as the secondary
outcome measure, the NPI-apathy scores were reported.

Ahlin et al. [66] investigated the effects of tacrine on apa-
thy by utilizing the Nurses' Observation Scale for Inpatient
Evaluation (NOSIE) as the secondary outcome measure
(Table 3). Results showed no effect of tacrine on apathy [66].

2.2.2 Drugs Affecting the Cholinergic System in PD

A rivastigmine study by Devos et al. [67] measured apathy
as a primary outcome using LARS (Table 4). Results showed
a significant reduction in apathy in the rivastigmine group in
comparison with placebo (F (1,25) = 5.2; p = 0.034), with
a large effect size of 0.9 [67].

2.2.3 Drugs Affecting the Cholinergic System in Dementia
with Lewy Bodies

A rivastigmine study by McKeith et al. [68] measured apa-
thy using NPI-apathy as a secondary outcome (Table 4).
Results showed a significant improvement in apathy in the
rivastigmine group in comparison with placebo, with a mod-
est effect size of 0.537 [68].

2.2.4 Drugs Affecting the Cholinergic System in Vascular
Dementia (VaD) and AD

A galantamine study by Erkinjuntti et al. [69] measured apa-
thy with NPI-apathy (Table 4). Results showed a significant

reduction in apathy in the galantamine group in comparison
with placebo. However, apathy was not an outcome of inter-
est for this study. The NPI-apathy scores were reported while
investigating NPI-total as the secondary outcome measure.

2.3 Serotonergic System

Serotonin (SHT) is a CNS neurotransmitter that regulates
several important physiological processes such as body tem-
perature, sleep, appetite, pain and motor activity [71]. Stud-
ies in patients with AD observed a decrease in the number
of serotonergic neurons in the raphe nuclei, associated with
the hyperphosphorylated tau proteins, a key feature of AD
[72]. In PD dementia, a decrease in SHT2A receptors was
observed [73]. In HD mice models, diminished levels of
SHT were noted, particularly in the hippocampus, as being
associated with cognitive deficits [74]. In VaD, DLB and
FTD, deficiencies in the SHT system were also observed
[26, 28, 75]. Studies showed an overall reduction in sero-
tonergic activity in patients with dementia, so it was earlier
hypothesized that antidepressants such as selective serotonin
reuptake inhibitors might be effective in reducing apathy.
However, subsequent studies suggested that antidepressants
could potentially increase apathy because of their inhibi-
tory effects via SHT2C receptors and stimulatory effects via
SHT1B and SHT3 receptors on the dopamine system [17].
It is now hypothesized that antagonists at the SHT receptors
might provide some beneficial effects in treating apathy. Sec-
tions 2.3.1 to 2.3.3 list the studies that explored the effects
of treatments targeting the serotonergic system for apathy.

2.3.1 Drugs Affecting the Serotonergic System in AD

Four studies in patients with AD explored the effects of
drugs affecting the serotonergic system for apathy (Table 5).
Lawlor et al. [76] studied chlorophenylpiperazine and
measured apathy as a secondary outcome with the Brief

Table 4 List of studies evaluating the effects of drugs affecting the cholinergic system for apathy in Parkinson’s disease, dementia with Lewy

bodies, and vascular dementia and Alzheimer’s disease

Population ~ Drugs Study Study details People (n) Dose Trial length Outcome
measures for
apathy

PD Rivastigmine (ChEI) Devos et al. [67] DB, PC,RCT 20 4.5 mg for 1 mo, then 6 mo LARS®

9.5 mg

DLB McKeith et al. [68] DB, PC,RCT 120 Up to 12 mg daily for 20 23 wks NPI-apathy

wks, then 3 wks of rest

VaD and AD Galantamine (ChEI) Erkinjuntti et al. [69] DB, PC, RCT 593 24 mg daily 6 mo NPI-apathy

AD Alzheimer’s disease, ChEI cholinesterase inhibitor, DB double blind, DLB dementia with Lewy bodies, LARS Lille Apathy Rating Scale,
mo month(s), NPI Neuropsychiatric Inventory, PC placebo controlled, PD Parkinson’s disease, RCT randomized controlled trial, VaD vascular

dementia, wk(s) week(s)

*Primary outcome measures
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Psychiatric Rating Scale-anergia. Results showed no sig-
nificant effects of chlorophenylpiperazine on apathy [76].
A sertraline study by Lanct6t et al. [77] showed no signifi-
cant effects of sertraline on apathy in agitated participants
based on results with NPI-apathy. Zhou et al. [78] reported
a significant reduction in apathy in the citalopram group in
comparison with placebo, based on results with NPI-apathy.
For the studies by Lanctot et al. [77] and Zhou et al. [78],
apathy was not an outcome of interest. The NPI-apathy
scores were reported while investigating NPI as one of the
primary outcome measures [78] or as a secondary outcome
measure [77]. Lastly, Leonpacher et al. [79] reported a trend
towards reduced apathy with citalopram based on results
with NPI-apathy as a secondary outcome measure, but the
effects were not significant.

Outcome measures for apathy

NPI-apathy

Trial length
2 X 6 wks

2.3.2 Drugs Affecting the Serotonergic System in AD
andVaD

In a mix of AD and VaD populations, two studies explored
the effects of citalopram on apathy as a secondary outcome
(Table 5). Pollock et al. [35] showed no effect of citalo-
pram on apathy based on results with NRS-apathy. On the
other hand, Nyth et al. [80] showed a significant reduction
in apathy in the citalopram group at week 4 in comparison
with baseline, based on results with Gottfries—Brane—Steen
Scale (GBS)-emotional bluntness. However, the reduction
in apathy was not significant when compared with placebo.

50-100 mg daily for 6 days,
then 150 mg daily for 3
wks, then 150 mg for 3
wks. Second treatment
phase was also 6 wks with
the same doses

People (n) Dose

2.3.3 Drugs Affecting the Serotonergic System
in Frontotemporal Dementia

A trazodone study by Lebert et al. [81] measured apathy
with NPI-apathy (Table 5). Results showed a trend towards
reduced apathy in the trazodone group in comparison with
placebo, but the effects were not significant. Apathy was not
an outcome of interest for this study; instead, NPI-apathy
scores were reported while investigating NPI-total as the
primary outcome measure.

DB, PC,CO,RCT 26

Study details

Lebert et al. [81]

Study

2.4 Noradrenergic System

Norepinephrine is a CNS neurotransmitter mainly involved
in attention, perception and memory retrieval [82]. Stud-
ies in patients with AD observed a higher norepinephrine
degradation, followed by overcompensation via reduced
norepinephrine reuptake and increased norepinephrine pro-
duction, leading to increased norepinephrine concentrations
in early AD [83]. However, with progression of AD, the
compensatory mechanism appeared inadequate, and the con-
centrations of norepinephrine dropped to lower than normal
[83]. In PD dementia, a substantial reduction of norepineph-
rine input from locus coeruleus (LC) to cortical areas was

Trazodone (dual SHT and
SHT, receptor antagonist)

Steen Scale, IV intravenous, NPI Neuropsychiatric Inventory, NRS Neurobehavior Rating Scale, PC placebo controlled, PL placebo, RCT randomized controlled trial, VaD vascular dementia,

5HT 5-hydroxy tryptamine (serotonin), AD Alzheimer’s disease, BPRS Brief Psychiatric Rating Scale, CO crossover, DB double blind, FTD frontotemporal dementia, GBS Gottfries-Brane-
wk(s) week(s)

Table 5 (continued)
Population Drugs

FTD
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observed, i.e., loss of norepinephrine neurons in the LC [84].
In patients with HD dementia, an increase in norepinephrine
concentration in the basal ganglia was noted [85]. In VaD,
FTD and DLB, limited evidence indicated a reduction in
norepinephrine neurons, especially in the LC [26, 28, 86].
However, several studies also showed a relatively unaffected
and preserved LC in VaD, FTD and DLB [26, 28, 86]. As
noted, methylphenidate studies for AD-related apathy (2.1.1)
showed benefit, which was initially thought to be due to its
dopamine actions in the striatum and the thalamus. How-
ever, it is now believed that a major role is also played by
its norepinephrine actions in the prefrontal cortex [87]. The
studies listed under Sects. 2.4.1 and 2.4.2 tested the effects
on apathy of another norepinephrine, dopamine and SHT
reuptake inhibitor, bupropion, in AD and HD populations.

2.4.1 Drugs Affecting the Norepinephrine System in AD

A bupropion study by Maier et al. [88] measured apathy with
AES-clinician and NPI-apathy as primary and secondary
outcome measures, respectively (Table 6). No significant
effects on apathy were observed in the bupropion group in
comparison with placebo, based on results with both apathy
outcome measures [88].

2.4.2 Drugs Affecting the Norepinephrine System
in Huntington’s Disease

Gelderblom et al. [89] investigated bupropion’s effects
on apathy with AES-informant, AES-clinician, AES-self,
NPI-apathy, and Unified Huntington’s Disease Rating Scale
(UHDRS)-apathy (Table 6). AES-informant was the only
primary outcome measure, and the rest were secondary [89].

A trend towards reduced apathy in the bupropion group in
comparison with placebo was observed based on results with
AES-informant, AES-clinician, AES-self, NPI-apathy, and
UHDRS-apathy, but the results were not significant [89].

2.5 GABAergic System

Gamma aminobutyric acid (GABA) is a neurotransmitter
with inhibitory actions responsible for attenuating brain
signals and activities in the nervous system [90]. Studies
in patients with AD observed significantly lower levels
of GABA in the CSF [91]. There was also a reduction in
GABAergic terminals, especially in the cortical neurons
adjacent to amyloid plaques, a key feature of AD [91].
Similarly, in PD dementia, a decrease in CSF GABA levels
was observed [92, 93]. Likewise, in HD dementia, a sig-
nificant decrease in GABA levels was observed, especially
in the basal ganglia [94]. Similarly, in FTD, a decrease in
GABAergic neurons has been noted [95]. No studies have
yet explored the role of GABA system dysfunction in DLB
and VaD. One study found that plasma GABA levels posi-
tively correlated with apathy scores in patients with severe
AD [96]. Section 3.5.1 describes the study that explored
the effects on apathy of treatment targeting the GABAergic
system.

2.5.1 Drugs Affecting the GABAergic System in AD

A valproate study by Sival et al. [97] measured apathy as a
secondary outcome with Behavioral Rating Scale for Geri-
atric Inpatient-apathetic behavior (Table 7). Results showed
no significant effects of valproate on apathy [97].

Table 6 List of studies evaluating the effects of drugs affecting the norepinephrine system for apathy in Alzheimer’s disease and Huntington’s

disease

Popula-  Drugs Study Study details People (n) Dose Trial length Outcome measures for

tion apathy

AD Bupropion Maier et al. [88] DB, PC, RCT 108 150-300 mg daily 12 wks AES-C? and NPI-
(NE, DA and apathy
SHT reuptake
inhibitor)

HD Bupropion Gelderblom et al. DB, PC, CO,RCT 40 150 mg daily for 2 2x 11 wks AES-I%, AES-C, AES-
(NE, DA and [89] wks, then 300 mg S, NPI-apathy, and
SHT reuptake daily for 8 wks, UHDRS-apathy
inhibitor) then 150 mg for 1

wk. CO to another
11-wk phase after
a 1-wk washout

5HT 5-hydroxy tryptamine (serotonin), AD Alzheimer’s disease, AES-C Apathy Evaluation Scale-Clinical, AES-I/ Apathy Evaluation Scale-
Informant, AES-S Apathy Evaluation Scale-Self, CO crossover, DA dopamine, DB double blind, HD Huntington’s disease, NE norepinephrine,
NPI Neuropsychiatric Inventory, PC placebo controlled, RCT randomized controlled trial, UHDRS Unified Huntington’s Disease Rating Scale,

wk(s) week(s)

*Primary outcome measures
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Table 7 Study evaluating the effects of a drug affecting the GABAergic system on apathy in Alzheimer’s disease

Population Drugs Study

Study details People (n) Dose

Trial length Outcome measures for
apathy

AD Valproate (increases
GABA synthesis
and decreases its
metabolism)

Sival et al. [97] DB, PC,CO 42

PL for 3 wks, then
1 wk PL-washout
phase, then 480 mg
daily for 3 wks

2x3wks  GIP-apathetic behavior

AD Alzheimer’s disease, CO crossover, DB double blind, GABA gamma aminobutyric acid, GIP Behavior Observation Scale for Intramural Psy-

chogeriatric Patients, PC placebo controlled, PL placebo, wk(s) week(s)

2.6 Glutamatergic System

Glutamate is the most abundant excitatory neurotransmitter in
the CNS [98]. Studies in patients with AD showed a severely
disrupted glutamatergic system. A decrease in glutamate reup-
take/recycling leads to increased availability of glutamate,
causing excitotoxicity and neurodegeneration [99]. Increased
concentrations of glutamine in the CSF were also observed
[100]. In patients with PD, downregulation of the glutamate
transporters, associated with cognitive deficiency/dementia,
was observed [101]. In addition, an increase in plasma gluta-
mate levels was noted, reflecting an increase in glutamatergic
activity [101]. On the other hand, in HD dementia, a signifi-
cant decrease in glutamate levels was observed, especially in
the basal ganglia [94]. Similarly, in FTD, a decrease in glu-
tamatergic neurons was observed [95]. Also, a dysfunctional
metabotropic glutamate receptor has been demonstrated in
the development of DLB [102]. Lastly, in VaD, a high level of
CSF glutamate was observed [100]. Sections 2.6.1 and 2.6.2
list the studies that explored the effects of treatments targeting
the glutamatergic system for apathy.

2.6.1 Drugs Affecting the Glutamatergic System in AD

Two studies in patients with AD explored the effects of
memantine on apathy (Table 8). Araki et al. [103] showed
a significant reduction in apathy in the memantine group in
comparison with placebo, based on results with NPI-apathy
(F (1,23) =22.24; p < 0.01) [103]. The effect size was large
at 0.92. On the other hand, Gauthier et al. [104] performed
a post hoc analysis of two memantine clinical trials by Reis-
berg et al. [105] and Tariot et al. [106]. Results with NPI-
apathy showed no difference in apathy in the memantine
group in comparison with placebo [104]. For both the stud-
ies, apathy was not an outcome of interest; instead, the NPI-
apathy scores were reported while investigating NPI-total as
the secondary outcome measure.

2.6.2 Drugs Affecting the Glutamatergic System in VaD
and AD

A memantine study by Winblad et al. [107] measured apathy
as a secondary outcome with Ferm’s D-test-hobby/interest
(Table 8). Results showed a significant reduction in apathy
in the memantine group in comparison with placebo [107].

Table 8 List of studies evaluating the effects of drugs affecting the glutamatergic system for apathy in Alzheimer’s disease and Alzheimer’s dis-

ease and vascular dementia

Population ~ Drugs Study Study details People (n) Dose Trial length ~ Outcome meas-
ures for apathy
AD Memantine Gauthier et al. Post hoc analysis 252 [105] and 10 mg BID 28 wks [105]; NPI-apathy
(NMDA recep- [104] of two DB, PC, 404 [106] 24 wks
tor antagonist) RCTs [105, [106]
106]
Araki et al. [103] DB, PC, RCT 37 5 mg daily, then 24 wks NPI-apathy
increased by 5
mg every wk
until 20 mg
VaD and AD Winblad et al. DB, PC, RCT 166 (51% VaD) 10 mg daily 12 wks Ferms’ D-test-
[107] hobbies/
interest

AD Alzheimer’s disease, BID twice daily, DB double blind, NMDA N-methyl-D-aspartic acid, NPI Neuropsychiatric Inventory, PC placebo con-
trolled, RCT randomized controlled trial, VaD vascular dementia, wk(s) week(s)
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2.7 Histaminergic System

Histamine is a neurotransmitter in the mammalian brain that
is involved in many biological processes, such as tempera-
ture regulation, water intake and avoidance behavior [108].
Most importantly, the histaminergic system plays a major
role in alertness and memory and learning [109]. Several
studies have identified histamine as a potent mediator of
blood-brain barrier breakdown, astrocyte activation and
neuronal damage response, all key features of AD [110].
Studies also showed alterations of brain histamine concen-
trations, reduced histamine-releasing factor, decreased num-
ber of histamine receptors in the frontal and temporal cortex,
and degeneration of histamine neurons in the tuberomam-
millary nucleus, in patients with AD [111]. Conversely, in
patients with PD or HD, significantly increased histamine
concentrations and histamine receptor levels were observed,
associated with cognitive deficiency/dementia [112, 113].
In FTD, DLB and VaD, a decrease in histaminergic neurons
was observed [114-116]. A few studies have suggested a
link between the histamine system and apathy. One such
study examined apathy scores in healthy males and females,
where males scored higher [117]. A lower HIR-ligand bind-
ing in the limbic system was observed in males, highlighting
a potential link between histamine and motivation in humans
[118]. Also, it was hypothesized that another mechanism by
which methylphenidate reduces apathy (2.1.1) is by increas-
ing histamine levels [119]. It proposed that methylphenidate
administration increases D, receptor activation-enhanced
tuberomammillary nucleus neuronal firing, leading to his-
tamine release and wakefulness [119]. Even though these
studies provide preliminary information on a potential link
between histamine and motivation, better studies to establish
the link between histamine and dementia-related apathy are
yet to be performed. Because of this lack of research and
the fact that prohistaminergic therapy is not generally well-
tolerated, no current histamine-related drugs for the treat-
ment of apathy are in clinical trials.

2.8 Orexin System

Orexins, also known as hypocretins, are hypothalamic neu-
ropeptides that have an important role in sleep/arousal states
[120]. An increase in orexin levels was observed in patients
with AD, correlated with tau protein levels, a key feature
of AD [121]. Studies in patients with PD or HD observed
significantly reduced numbers of orexinergic neurons in the
lateral hypothalamus, associated with cognitive decline/
dementia [122, 123]. Reduced orexin levels were also found
in FTD, VaD and DLB [124-126]. Also, diminished orexin
levels in the hypothalamus of a social defeat animal model
have been shown to be linked to persistent apathy [127].
However, more studies need to be performed to establish

A\ Adis

a stronger link between the orexin system and dementia-
related apathy.

2.9 Peptide YY and Ghrelin

Peptide YY (PYY) and ghrelin are secreted from the gastro-
intestinal endocrine cells and act as CNS neurotransmitters
[128]. PYY is orexigenic, whereas ghrelin is anti-orexigenic,
and both maintain the energy homeostasis [129]. They also
play a role in synaptic strength and plasticity and in regu-
lating mood, such as depression and anxiety [128, 130]. In
patients with AD, studies observed significantly higher PY'Y
plasma levels and significantly lower levels of ghrelin mes-
senger RNA in the temporal gyrus [131, 132]. In patients
with PD dementia, studies observed altered gut microbi-
ota and consequently altered PYY levels and a significant
increase in unacylated ghrelin, associated with reduced
neurogenesis and neuronal plasticity [133, 134]. PYY lev-
els decreased in early HD mouse models and increased in
late HD, and this was associated with non-motor HD symp-
toms, such as cognitive deficiency/dementia [135]. Also,
in patients with HD, studies observed an increase in the
level of ghrelin, associated with extreme weight loss and
neuronal loss [132, 136]. An animal study performed to
explore the potential role of PYY and ghrelin systems in
apathy development suggested that apathy was caused by
impaired dopamine signaling through D, receptors, which
was induced by peripheral PYY elevation [137]. There was
also a compensatory increase in ghrelin levels to increase D,
receptor signaling and to overcome PYY elevation effects,
but the compensation was insufficient [137]. Even though
this study tried to link PYY, ghrelin and apathy, the effects
of ghrelin and PYY on D, receptors remains controversial
and there is a continued need to study this relationship in
detail, especially in AD-, PD- and HD-related apathy. This
lack of research means no PY Y- or ghrelin-related drugs for
the treatment of apathy are yet in clinical trials.

2.10 Adenosine System

Adenosine is a neurotransmitter that acts as a CNS depres-
sant, promoting sleep and suppressing arousal [138]. Adeno-
sine and adenosine receptors have increasingly been recog-
nized as important for cognition [139]. Studies in patients
with AD observed reduced adenosine receptor levels in
the hippocampus and increased levels in the cortex [139].
Also, studies using human neural cell models showed a link
between adenosine receptor activation and phosphoryla-
tion of tau, a key feature of AD [140]. Studies in patients
with PD observed a significant increase in adenosine recep-
tor density, especially in the basal ganglia, which—when
targeted with adenosine antagonists—improved cognition
[141, 142]. In HD mice models, several studies reported an
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increase in adenosine receptors [143, 144]. Some studies
also observed a hyperactivation of striatal adenosine recep-
tors where the use of a dopamine plus adenosine antagonist
reduced the activity of protein kinase A, a protein involved
in HD-related cognitive dysfunction [145-147]. Increased
adenosine receptor expression was observed in FTD and
VaD studies, and increased adenosine levels were noted in
DLB [148-150]. A pharmacological study with istradefyl-
line, a US FDA-approved adenosine receptor antagonist for
treatment of PD, showed significantly reduced apathy scores
over time in patients with PD [151]. Istradefylline, when
tested in AD and HD mice models, showed an enhancement
in spatial memory and working memory, respectively, with
no focus on apathy [152, 153].

2.11 Others

Three drugs that act via a unique mechanism of action have
been explored for their effects on apathy in AD populations
(Table 9). Rosenberg et al. [154] investigated semagaces-
tat and apathy and found no effects on apathy based on the
results with NPI-apathy as a primary outcome measure. A
mibampator study by Trzepacz et al. [155] measured apa-
thy with FrSBe-apathy and NPI-apathy. Results with both
apathy outcome measures showed a significant reduction
in apathy in the mibampator group in comparison with pla-
cebo, with a small effect size of 0.41 [155]. Kim et al. [156]
investigated varenicline, where apathy was measured as a
secondary outcome with NPI-apathy. Results showed no
reduction in apathy in the varenicline group in comparison
with placebo [156]. For all three studies [154—-156], apa-
thy was not an outcome of interest. The NPI-apathy scores
were reported while investigating NPI-total as the primary
outcome measure [154] or as a secondary outcome measure
[155, 156].

In a mix of AD, VaD and mixed dementia populations,
two drugs with a unique mechanism of action have been
explored for their effects on apathy (Table 9). A nimodi-
pine study by Ban et al. [157] in VaD and mixed dementia
populations measured apathy as a secondary outcome via
the Sandoz Clinical Assessment Geriatric Scale (SCAG)-
withdrawal. Results showed a significant reduction in apathy
in the nimodipine group in comparison with placebo, with
a modest effect size of 0.69 [157]. Similarly, both studies
with gingko biloba by Scripnikov et al. [158] and Bachins-
kaya et al. [159], showed a significant reduction in apathy in
the gingko biloba group in comparison with placebo, based
on results with NPI-apathy but not with NPI-caregiver dis-
tress-apathy. Neither of the gingko biloba studies explored
apathy as an outcome of interest, with NPI-apathy and -car-
egiver-apathy scores reported while investigating NPI-total
and NPI-caregiver distress-total as the secondary outcome
measures.

One drug that acts via a unique mechanism of action has
been explored for its effects on apathy in VaD populations
(Table 9). A pentoxifylline study by Bayer et al. [160] meas-
ured apathy as a secondary outcome with GBS-emotional
functions and SCAG-apathy. Results with both the apathy
outcome measures did not show any effects of pentoxifylline
on apathy [160].

In FTD populations, two drugs with a unique mechanism
of action have been explored for their effects on apathy. The
oxytocin study by Finger et al. [161] measured apathy with
Frontal Behavioral Inventory (FBI)-apathy and NPI-apathy.
Results with both apathy outcome measures showed no dif-
ference in apathy in the oxytocin group in comparison with
placebo [161]. Apathy was not an outcome of interest for
this study, and the NPI-apathy scores were reported while
investigating NPI-total and FBI-total as the secondary out-
come measures. Callegari et al. [162] investigated the effects
of agomelatine on apathy as a primary outcome with AES-
clinician, NPI-apathy, and NPI-apathy-distress caregiver.
Results with all three apathy outcome measures showed a
significant reduction in apathy in the agomelatine group in
comparison with the melatonin group, with a large effect
size of 1 [162].

3 Conclusions

Apathy is a highly prevalent neuropsychiatric symptom in
dementia populations. Studies have observed its associa-
tion with decreased cognition, function and quality of life
and increased mortality and caregiver burden, making it an
important treatment target [6-9].

Our review of 52 studies showed that for patients with
AD, the only drugs with which reduced apathy was observed
were cholinesterase inhibitors (seven studies) and choline
alphoscerate (one study), methylphenidate (four studies),
olanzapine (one study), citalopram (one study), memantine
(one study) and mibampator (one study). For methylphe-
nidate, a meta-analysis by Ruthirakuhan et al. [163] also
supported its modest benefits in patients with AD, and the
recently published positive study by Mintzer et al. [32] fur-
ther strengthened that conclusion. For PD-related apathy, the
only drugs that showed effects on apathy were methylpheni-
date, cholinesterase inhibitors (one study [rivastigmine]) and
rotigotine (one study). For DLB- and FTD-related apathy,
only cholinesterase inhibitors (one study [rivastigmine]) and
agomelatine (one study) showed benefits. Lastly, no drugs
showed any effects on apathy for HD- and only VaD-related
apathy populations. For mixed populations, a cholinesterase
inhibitor (one study [galantamine]), memantine (one study)
and gingko biloba (two studies) showed effects on apathy in
the AD plus VaD populations and nimodipine (one study)
in the VaD plus MD populations.
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An important consideration is that only four methylphe-
nidate studies in AD, one agomelatine study in FTD and
one rivastigmine study in PD explored apathy as a primary
outcome. This means that all other drug studies that showed
benefits were never powered to primarily explore apathy, and
some of those populations had very little apathy to begin
with.

Regarding the status and use of these drugs, methylphe-
nidate needs to be used cautiously because of potential con-
cerns when used in conditions that are comorbid in older
populations, such as hypertension, other cardiovascular
conditions and diabetes [164, 165]. As for memantine, even
though it is generally safe and well-tolerated, it does not
have marked efficacy in treating apathy and may be better
at preventing the emergence of apathy [166]. In relation to
cholinesterase inhibitors, they are FDA approved for target-
ing cognitive and general symptoms of dementia, but they
have side effects such as gastrointestinal disturbances that
can be persistent and intolerable in older populations [167,
168]. Whether choline alphoscerate has any additional ben-
efits over existing drugs, such as cholinesterase inhibitors,
remains uncertain and so requires further study. Like cho-
linesterase inhibitors, olanzapine and citalopram are often
prescribed, mostly in end-stage dementia, for agitation/
aggression, but they are not FDA approved for this indica-
tion [169, 170]. They come with potentially serious side
effects, such as drowsiness and confusion, tremors (which
can be permanent), pneumonia and stroke with olanzapine
and abnormal heart rhythms with citalopram [169-171].
Rotigotine is already prescribed for motor symptoms in PD
but needs further study for its effects on non-motor symp-
toms, including apathy [172, 173]. Lastly, mibampator,
agomelatine, nimodipine and gingko biloba require further
study.

Some other drugs have also shown potential in treating
apathy. An open-label study with a Japanese herbal medica-
tion, Ninjin’yoeito, showed significant reduction in apathy
but needs further study in a randomized controlled trial set-
ting [174]. In addition, other conditions such as traumatic
brain injury (TBI) have apathy as one of the prominent
symptoms. Amantadine for TBI has shown some success
in reducing apathy and could also be of potential benefit
for dementia-related apathy [175]. However, adverse effects,
such as delirium, associated with amantadine in patients
with dementia might outweigh its benefits [176].

Even though several compounds proved beneficial, their
effect sizes were small, and they need further investigation.
Currently, the best pharmacological options for treating apa-
thy appear to be methylphenidate and cholinesterase inhibi-
tors followed by gingko biloba [177]. There might also be
some potential benefit in the coadministration of some of

these drugs, such as cholinesterase inhibitors with meman-
tine or memantine with citalopram [78, 177, 178]. However,
none of these drugs are yet FDA approved for apathy treat-
ment in dementia.

Some ways to improve the process of finding potential
drug treatments for apathy is to better understand its neu-
robiology. Therefore, future research could focus on subdo-
mains of apathy based on neurobiological, neurochemical
and neuroimaging endpoints, which may help in personal-
izing treatment and identifying new pharmacological targets
[179]. As noted in this review, most of the studies examined
apathy as a secondary outcome, which means that the popu-
lations may have had no or very mild apathy, leading to a
reduced likelihood of finding any differences from placebo.
Hence, future studies should consider studying apathy as
a primary outcome and recruiting patients diagnosed with
apathy based on the consensus criteria mentioned earlier
[15]. Furthermore, most of the studies used the 12-item NPI
as an outcome measure, which is not specific to apathy and,
therefore, has a risk of false positives when each domain
is analyzed without adjustment for multiple comparisons.
Thus, even though there is no gold standard for measuring
apathy, there should be a consensus on using scales with
high test/retest and interrater reliabilities, such as the AES
and NPI-apathy, for future studies to limit the inconsisten-
cies between clinical trials [180].

In addition to including primary outcome measures such
as AES that reflect the symptomatic effects, studies should
also incorporate the use of secondary outcome measures that
will allow the detection of a clinically relevant effect, such
as cognitive tests, caregiver burden, activities of daily living
and quality of life [181].

For timing, based on previous studies that showed signifi-
cant changes in apathy, it is recommended that 6-8 weeks is
sufficient time to measure changes in the primary measure of
apathy without risking confounding from the deterioration
of the background condition [181]. However, a continuation
period of 3—6 months is needed to detect measurable dif-
ferences in the secondary outcome measures, such as func-
tionality and activities of daily living [181]. Future studies
should make use of these recommendations when designing
their trials.

Additionally, even though apathy is more prevalent in the
late stages of dementia, we recommend that future studies
include only patients with mild-to-moderate dementia to
avoid practical challenges, such as including nursing home
residents in the trial [181]. Also, future studies should report
effect sizes so that their results can reflect their clinical
importance.

From a clinical perspective, the following could be
proposed for the treatment of apathy associated with AD.
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Management begins with further investigations to ensure
there are no active medical conditions or medications that
could be contributing to the onset or worsening of apathy
symptoms. Next, using a scale such as the AES [182] or
the NPI-apathy subscale [183] to document the severity of
apathy symptoms should be considered as part of a measure-
ment-based system of care. The first attempts at treatment
should be non-pharmacological interventions such as mul-
tisensory stimulation, music therapy, cognitive stimulation
and exercise [184]. Given some evidence of benefit for apa-
thy symptoms, and in keeping with many clinical practice
guidelines for AD, if the patient has not already been treated
with a cholinesterase inhibitor, this could be the first medi-
cation initiated. If the patient has not responded adequately
to non-pharmacological interventions and a cholinesterase
inhibitor, the next medication to consider would be meth-
ylphenidate, based on the positive studies described earlier
where apathy was the primary outcome measure. Methyl-
phenidate can be initiated at 5 mg in the morning or 5 mg in
the morning and at noon and increased to a maximum of 10
mg twice daily. Besides monitoring for benefit clinically and
with an apathy rating scale, changes in blood pressure and

Appendix

Quality assessment risk of bias summary

heart rate should be documented. In general, maximum ben-
efit for methylphenidate appears to be obtained within 4-8
weeks, a time that can be used by the caregiver to re-try non-
pharmacological interventions. Should there be no obvious
improvements in apathy after 8 weeks, methylphenidate can
be discontinued. While this review has suggested potential
benefit from other pharmacological interventions, we believe
the evidence is not robust enough to provide clinical guid-
ance. Similarly, the evidence does not allow for any clini-
cal recommendations to be made for the pharmacological
treatment of apathy in non-AD neurodegenerative disorders.

In conclusion, based on the relatively large number of
studies examining the pharmacological management of
apathy in neurodegenerative disorders, it appears clear that
researchers have recognized the clinical importance of treat-
ing apathy. Unfortunately, most of these studies have signifi-
cant limitations as we have described, which means it is dif-
ficult to make definitive recommendations. Therefore, there
is still a need for continued exploration of pharmacological
agents and new pharmacological targets to treat apathy in
neurodegenerative diseases.
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