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A B S T R A C T

Background

Despite the high prevalence of apathy in Alzheimer’s disease (AD), and its harmful eKects, there are currently no therapies proven to treat
this symptom. Recently, a number of pharmacological therapies have been investigated as potential treatments for apathy in AD.

Objectives

Objective 1: To assess the safety and eKicacy of pharmacotherapies for the treatment of apathy in Alzheimer's disease (AD).

Objective 2: To assess the eKect on apathy of pharmacotherapies investigated for other primary outcomes in the treatment of AD.

Search methods

We searched the Specialized Register of the Cochrane Dementia and Cognitive Improvement Group (ALOIS), MEDLINE, Embase, CINAHL,
PsycINFO, LILACS, ClinicalTrials.gov and the World Health Organization (WHO) portal, ICTRP on 17 May 2017.

Selection criteria

Eligible studies were double-blind, randomized, placebo-controlled trials (RCTs) investigating apathy as a primary or secondary outcome
in people with AD.

Data collection and analysis

Three review authors extracted data. We assessed the risks of bias of included studies using Cochrane methods, and the overall quality of
evidence for each outcome using GRADE methods. We calculated mean diKerence (MD), standardized mean diKerence (SMD) or risk ratio
(RR) with 95% confidence intervals on an intention-to-treat basis for all relevant outcome measures.

Main results

We included 21 studies involving a total of 6384 participants in the quantitative analyses. Risk of bias is very low to moderate. All studies
reported appropriate methods of randomization and blinding. Most studies reported appropriate methods of allocation concealment. Four
studies, three with methylphenidate and one with modafinil, had a primary aim of improving apathy. In these studies, all participants
had clinically significant apathy at baseline. Methylphenidate may improve apathy compared to placebo. This finding was present when
apathy was assessed using the apathy evaluation scale (AES), which was used by all three studies investigating methylphenidate: MD -4.99,
95% CI -9.55 to -0.43, n = 145, 3 studies, low quality of evidence, but not when assessed with the neuropsychiatric inventory (NPI)-apathy
subscale, which was used by two of the three studies investigating methylphenidate: MD -0.08, 95% CI -3.85 to 3.69, n = 85, 2 studies, low
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quality of evidence. As well as having potential benefits for apathy, methylphenidate probably also slightly improves cognition (MD 1.98,
95% CI 1.06 to 2.91, n = 145, 3 studies, moderate quality of evidence), and probably improves instrumental activities of daily living (MD 2.30,
95% CI 0.74 to 3.86, P = 0.004, n = 60, 1 study, moderate quality of evidence), compared to placebo. There may be no diKerence between
methylphenidate and placebo in the risk of developing an adverse event: RR 1.28, 95% CI 0.67 to 2.42, n = 145, 3 studies, low quality of
evidence. There was insuKicient evidence from one very small study of modafinil to determine the eKect of modafinil on apathy assessed
with the FrSBe-apathy subscale: MD 0.27, 95% CI -3.51 to 4.05, n = 22, 1 study, low quality of evidence. In all other included studies, apathy
was a secondary outcome and participants were not selected on the basis of clinically significant apathy at baseline. We considered the
evidence on apathy from these studies to be indirect and associated with publication bias. There was low or very low quality of evidence on
cholinesterase inhibitors (ChEIs) (six studies), ChEI discontinuation (one study), antipsychotics (two studies), antipsychotic discontinuation
(one study), antidepressants (two studies), mibampator (one study), valproate (three studies) and semagacestat (one study).

Authors' conclusions

Methylphenidate may demonstrate a benefit for apathy and may have slight benefits for cognition and functional performance in people
with AD, but this finding is associated with low-quality evidence. Our meta-analysis is limited by the small number of studies within each
drug class, risk of bias, publication bias, imprecision and inconsistency between studies. Additional studies should be encouraged targeting
people with AD with clinically significant apathy which investigate apathy as a primary outcome measure, and which have a longer duration
and a larger sample size. This could increase the quality of evidence for methylphenidate, and may confirm whether or not it is an eKective
pharmacotherapy for apathy in AD.

P L A I N   L A N G U A G E   S U M M A R Y

Drug treatments for apathy in Alzheimer's disease

Review question

We wanted to know whether there are any medications that are safe and eKective for reducing apathy in people with Alzheimer's disease.

Background

Apathy is a state of reduced interest, lack of initiative and reduced activity. It is a very common symptom of Alzheimer's disease. It is oPen
persistent and it is known to be linked to a lower quality of life, faster decline and more burden on caregivers. EKective treatments of apathy
could improve the quality of life for people with Alzheimer's disease and their families.

What we did

We searched for randomized controlled trials (RCTs) up to May 2017 which had compared any medicine with a placebo (dummy pill) and
measured the eKect on apathy in people with Alzheimer's disease. We were only interested in trials in which it was decided randomly
whether the people taking part got the drug of interest or the placebo; this was to make sure that the comparison was as fair as possible.

What we found

We found 21 RCTs involving more than 6300 people with Alzheimer’s disease. Four trials of two diKerent medicines (methylphenidate
and modafinil) had been done specifically to study apathy, so all the people taking part were known to be significantly apathetic before
the trial started. The other 17 trials had other primary aims, but reported some data on apathy. The trials were generally well designed
and conducted. From the three trials with methylphenidate, we found that it may improve apathy, although this depended on how the
apathy was measured. The people taking methylphenidate also did slightly better than those taking placebo on scales measuring cognition
(thinking, remembering, etc.) and some daily activities, but it was not clear that these eKects were big enough to be important in practice.
We found no evidence that it caused more side eKects than placebo. The quality of this evidence was low or moderate, so we cannot be
certain that other similar studies would not have diKerent results. There was only one very small trial with modafinil and there was no
evidence that it was eKective for apathy. The other 17 trials studied a variety of medicines and included people who were not necessarily
significantly apathetic to start with. We therefore thought they were only indirectly relevant to our review question. It is also highly likely
that other trials of the same drugs have measured apathy but have not published the results, so we were concerned about possible
publication bias (that the studies we found could have been a biased subset). We therefore thought the quality of evidence for all these
other medicines was low or very low, meaning that we can have limited or little confidence in the results.

Conclusions

Current evidence suggests that methylphenidate may be useful for treating apathy in Alzheimer's disease. However, more trials should be
done specifically targeting apathy in order to improve the overall quality of the evidence.
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Summary of findings for the main comparison.   Methylphenidate compared to placebo for apathy in Alzheimer's disease

Methylphenidate compared to placebo for apathy in Alzheimer's disease

Patient or population: Apathy in people with mild-to-moderate Alzheimer's disease
Setting: Multicenter, USA and Canada
Intervention: methylphenidate
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with
Methylphenidate

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Change in apathy (AES score)
assessed with: AES
Scale from: 0 to 42
follow-up: range 2 weeks to 12 weeks

The mean change
from baseline in apa-
thy was -4.2 to 0.6

MD 4.99 lower
(9.55 lower to 0.43
lower)

- 145
(3 RCTs)

⊕⊕⊝⊝

LOW 1, 2

AES: Limited data
on clinically mean-
ingful changes

Change in apathy (NPI-apathy subscale
score)
assessed with: NPI-apathy subscale
Scale from: 0 to 12
follow-up: 2 weeks to 6 weeks

The mean change
from baseline in apa-
thy -2.6 to -1.69

MD 0.08 lower
(3.85 lower to 3.69
higher)

- 85
(2 RCTs)

⊕⊕⊝⊝

LOW 1, 2

1- to 2-point
change suggest-
ed to be clinically
significant in peo-
ple with a clinically
significant apathy
(Rosenberg 2013)

Study populationAdverse events
assessed with: Number of participants re-
porting ≥ 1 adverse event
follow-up: 2 weeks to 12 weeks

534 per 1000 684 per 1000
(358 to 1,000)

RR 1.28
(0.67 to 2.42)

145
(3 RCTs)

⊕⊕⊝⊝

LOW 1, 2

-

Change in NPS
assessed with: NPI
Scale from: 0 to 144
follow-up: 2 weeks

The mean change
from baseline in NPS
was -2.08

MD 0.16 higher
(7.89 lower to 8.21
higher)

- 25
(1 RCT)

⊕⊕⊝⊝

LOW 1
4-point change
suggested to be
clinically signifi-
cant

Change in cognition
assessed with: MMSE
Scale from: 0 to 30
follow-up: 2 weeks to 12 weeks

The mean change
from baseline in cog-
nition was -1.08 to
-0.3

MD 1.79 higher
(0.53 higher to 3.05
higher)

- 145
(3 RCTs)

⊕⊕⊕⊝

MODERATE 1
MMSE: 2- to 4-point
change suggested
to be clinically sig-
nificant
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Change in functional performance assessed
with: ADL scale
Scale from: 0 to 6
follow-up: 12 weeks

The mean change
from baseline in
functional perfor-
mance was 0.4

MD 0.50 higher
(0.39 lower to 1.39
higher)

- 60
(1 RCT)

⊕⊕⊕⊝

MODERATE 3
Limited data on
clinically meaning-
ful changes

Change in functional performance assessed
with: IADL scale
Scale from: 0 to 8 for women, and 0 to 5 for
men, to avoid potential for gender bias
follow-up: 12 weeks

The mean change
from baseline in
functional perfor-
mance was -0.6

MD 2.30 higher
(0.74 higher to 3.86
higher)

- 60
(1 RCT)

⊕⊕⊕⊝

MODERATE 3
Limited data on
clinically meaning-
ful changes

Study populationChange in global disease severity
assessed with: ADCS-CGIC or CGIC
follow-up: 2 weeks to 6 weeks 116 per 1000 65 per 1000

(17 to 244)

RR 0.56
(0.15 to 2.10)

85
(2 RCTs)

⊕⊕⊕⊝

MODERATE 1
-

Study populationDropouts
assessed with: Number of participants who
dropped out prior to study completion.
follow-up: 2 weeks to 12 weeks

41 per 1000 86 per 1000
(25 to 303)

RR 2.10
(0.60 to 7.38)

145
(3 RCTs)

⊕⊕⊝⊝

LOW 4
-

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

AD: Alzheimer's disease; AEs: Adverse Events; MMSE: Mini-Mental Status Examination; MD: Mean Difference; NPS: Neuropsychiatric Symptom, SMD: Standardized Mean Dif-
ference, CI: Confidence interval; RR: Risk ratio; OR: Odds ratio

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1Quality downgraded one level due imprecision (wide 95% confidence interval).
2Quality downgraded one level due to inconsistency (substantial heterogeneity was present).
3Quality downgraded one level due to imprecision (only one study, with a relatively small sample size).
4Quality downgraded two levels due to very serious imprecision (very wide 95% confidence interval).
 
 

Summary of findings 2.   Modafinil compared to placebo for apathy in Alzheimer's disease

Modafinil compared to placebo for apathy in Alzheimer's disease
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Patient or population: Apathy in people with mild-to-moderate Alzheimer's disease
Setting: Single site, USA
Intervention: modafinil
Comparison: placebo

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with placebo Risk with
Modafinil

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Change in apathy
assessed with: FrSBe-apathy subscale (T-score con-
verted from raw score)
Scale from: 14 to 70 (raw score)
follow-up: mean 8 weeks

The mean change
from baseline in
apathy was -6.82

MD 0.27 higher
(3.51 lower to
4.05 higher)

- 22
(1 RCT)

⊕⊕⊝⊝

LOW 1
Limited data on
clinically mean-
ingful changes
on the FrSBe
apathy score

Adverse Events - reported, but not analyzed in this
review

- - - - - -

Change in NPS - not investigated - - - - - -

Change in cognition - not investigated - - - - - -

Change in functional performance
assessed with: ADLQ
Scale from: 0 to 84
follow-up: mean 8 weeks

The mean change
from baseline in
functional perfor-
mance was 0

MD 0.54 lower
(1.40 lower to
0.32 higher)

- 22
(1 RCT)

⊕⊕⊝⊝

LOW 1
Limited data on
clinically mean-
ingful changes

Change in global disease severity - not investigated - - - - - -

Dropouts - reported, but not analyzed in this review - - - - - -

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: Confidence interval; RR: Risk ratio; MD: mean difference

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
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1Quality downgraded two levels due to small sample size and imprecision (wide 95% confidence interval).
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B A C K G R O U N D

Description of the condition

Current evidence suggests that Alzheimer’s disease (AD), a
debilitating neurodegenerative disease, is increasing in prevalence
amongst the ageing population. The World Alzheimer Report
estimates that by 2015 47 million people worldwide would be living
with dementia due to AD, and that this will double every 20 years,
to 74.7 million people in 2030 and 131 million people in 2050 (World
Alzheimer Report 2015). AD pathology oPen occurs together with
vascular pathology (mixed AD) (Schneider 2007; Attems 2014). AD
and mixed AD share cognitive and behavioral symptoms (Kapasi
2016). For the purposes of this systematic review, we will therefore
use ‘AD’ when we refer to individuals diagnosed with AD or mixed
AD.

Neuronal damage and death in the brain of a person with dementia
lead to progressive changes in cognition, function and behavior,
which negatively impact his or her ability to perform everyday
activities of daily living and increase dependence on others.
Treating AD is a healthcare and societal priority as the cost of
care and the burden on caregivers increases. The governments of
countries such as the UK, the USA, Canada, Norway, France and
South Korea have developed and implemented national strategic
plans to address the changes society will incur as AD prevalence
increases (Prince 2013).

Treatment of the symptoms associated with AD is an important
aspect of improving the quality of life of people living with AD and
their caregivers. One such symptom is apathy which, according to
diagnostic criteria outlined by Robert 2009, is defined as a disorder
of motivation which includes reduced goal-directed behavior, goal-
directed cognitive activity and emotions, as well as identifiable
functional impairments. Apathy is associated with greater caregiver
burden, as individuals diagnosed with apathy require more support
to initiate and complete activities even when they may still be
capable of doing so themselves. The presence of apathy increases
with increasing disease severity, and is associated with increased
cognitive and functional deficits (Tagariello 2009; Kales 2015).
As such, apathy has been an emerging target of interest for
pharmacological interventions.

Apathy and depression share some clinical features, such
as diminished interest, psychomotor retardation, fatigue/
hypersomnia and lack of insight, although depression is
characterized by symptoms of dysphoria, suicidal ideation, self-
criticism, guilty feelings, pessimism and hopelessness which
are absent in apathy (Marin 1994). There has been interstudy
variability in estimates of the prevalence of apathy in individuals
diagnosed with dementia (Landes 2001). This variability may be
due in part to the inclusion of apathy symptoms on assessment
tools of depression, such as the Hamilton Rating Scale of
Depression (HAM-D). However, in a study that administered
the Neuropsychiatric Inventory (NPI), a behavioral scale which
contains a depression subscale (with no apathy-related items),
and an apathy subscale (with no depression-related items),
there was no correlation between apathy and depression in
dementia (Levy 1998). Several neuroimaging studies support the
biological and phenomenological independence of apathy and
depression. These studies report that structural relationships with
apathy symptoms are functionally and anatomically distinct from

structural relationships with depression (Starkstein 2009; Kang
2012).

Description of the intervention

Treatments for apathy include both behavioral and
pharmacological interventions, which target psychosocial changes
and neurochemical and neuropathological changes in AD,
respectively (Landes 2001; Gitlin 2012).

Compared to those without significant apathy, the brains
of apathetic individuals with AD show some increased
pathological changes, such as increased neuronal loss (Förstl
1993), neurofibrillary tangles (Tekin 2001) and white matter
hyperintensities (Starkstein 1997) in the frontal lobes and the
associated circuits between frontal and subthalamic structures
(Landes 2001). The cholinergic (Kaufer 1998a), dopaminergic (DA)
(Roccaforte 1990; Debette 2002; Padala 2007), serotonergic (Hoehn-
Saric 1990; Marin 1995; Barnhart 2004), gamma-aminobutyric acid
(GABA)-ergic (Lanctôt 2007a) and noradrenergic neurotransmitter
systems have been investigated as potential targets for drug
intervention, since each system may potentially be associated with
the manifestations of apathy in people with AD.

Current pharmacological treatments used in the symptomatic
management of apathy in individuals with AD include, but are not
limited to, the following:

1. CNS stimulants.

2. Antidepressants.

3. Atypical antipsychotics.

4. Apomorphine.

5. Amantadine.

6. Cholinesterase inhibitors.

7. DA agonists.

How the intervention might work

Evidence from pharmacological, post mortem and imaging studies
suggests that apathy in individuals with AD may be related to
abnormalities of cholinergic, DA, serotoninergic, GABA-ergic and
noradrenergic neurotransmitter systems (Lanctôt 2001; Garcia-
Alloza 2005; Lanctôt 2007a; Lanctôt 2007b).

The cholinergic hypothesis of AD suggests that the degeneration
of cholinergic neurons in the basal forebrain, and the associated
disruption to cholinergic neurotransmission in the cerebral cortex,
contribute greatly to the cognitive impairment experienced by
individuals with AD (Bartus 1982). Cholinergic deficiency may also
limit the neurotransmission between limbic system aKerents and
neocortical aKerents, and hence contributes to the development
of apathy in individuals with dementia due to AD. Treatment
with acetylcholinesterase inhibitors, such as metrifonate (Kaufer
1998b; Raskind 1999; Cummings 2001) and tacrine (Kaufer 1998a),
has shown benefits for apathy, and provides evidence for the
involvement of a cholinergic deficiency in the manifestation of
apathy. However, multiple studies suggest that deficiencies in other
neurotransmitter systems are also involved (Hoehn-Saric 1990;
Herrmann 2004a; Lanari 2006; Lanctôt 2007a; Lanctôt 2007b).

Many studies have identified changes to the DA system in
individuals with dementia (Allard 1990; Storga 1996; David 2008).
In individuals with AD specifically, there is a reduction in DA
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neurotransmission between the basal ganglia, anterior cingulate
and frontal cortex (Lanctôt 2007b). As these neural circuits
comprise the brain reward system, which is highly correlated with
apathy in individuals without cognitive impairment, it has been
proposed that disruption to DA neurotransmission may contribute
to the development and severity of apathy in individuals with
dementia (Bressan 2005; Mitchell 2011).

The role of the serotonergic system in neuropsychiatric symptoms
(NPS) has also been studied. The serotonin hypothesis of NPS
postulates that a serotonin deficiency increases the likelihood
of developing NPS, particularly depression and aggression
(Vartiainen 1995; De Boer 2005; Albert 2013). In contrast, since
selective serotonergic reuptake inhibitors (SSRIs), commonly used
in the treatment of depression, have been linked to increased
apathy in clinical trials, increased serotonergic neurotransmission
has been implicated in the manifestation of apathy in dementia
(Hoehn-Saric 1990; Marin 1995; Barnhart 2004). SSRIs influence
the DA system through inhibitory mechanisms that involve 5-
HT2C receptors (Walsh 1997), and stimulatory mechanisms that
involve 5-HT1B and 5-HT3 receptors (De Deurwaerdère 1998). It
has been hypothesized that pharmacological treatments aimed at
balancing the serotonin-dopamine neurotransmitter systems may
reduce apathy in those with dementia (Abe 1975; De Boer 2005;
Albert 2013).

Post mortem and neuroimaging studies indicate that there is a
loss of GABA-ergic and noradrenergic (NA) neurons in individuals
with dementia (Abe 1975; Rossor 1982; Ellison 1986; Lowe 1988). It
has been hypothesized that since GABA and NA are co-transmitters
with serotonin, pathological changes to the serotonergic system
are accompanied by changes to the GABA-ergic and noradrenergic
systems, and that these may play a role in the manifestation
of NPS in dementia (Rossor 1982). Lanctôt 2007a found that
higher plasma GABA concentrations were linked to apathy in AD.
Noradrenergic changes have not been specifically linked to this
symptom (Herrmann 2004b).

Why it is important to do this review

It has been estimated that 97% of individuals with dementia
experience one or more NPS over the course of their cognitive
impairment, with apathy having a high prevalence of 71%
(Steinberg 2008). As apathy has been associated with reduced
quality of life and increased functional impairment, caregiver
burden, cost of care and risk of institutionalization, it is an
important NPS to treat (Boyle 2003; Hurt 2008; Vialta-Franch 2013)

Behavioral interventions, usually involving caregivers, may be
a safe treatment option as they are not accompanied by the
adverse eKects that can be associated with pharmacological
interventions. They have a beneficial impact on the frequency
and severity of NPS overall, and on caregivers’ negative reactions
towards NPS (Overshott 2004; Brodaty 2012). However, caregiver-
delivered behavioral interventions have not been well investigated
in apathetic individuals with AD.

Currently, there are pharmacological recommendations for the
management of cognitive and functional impairments and NPS
in individuals with AD (Herrmann 2013). However, there are no
formal pharmacological recommendations specifically about the
treatment of apathy in AD. There have been a few pharmacological
studies in which treating apathy has been the primary objective

of the study. There have also been many studies, involving several
diKerent classes of drugs, in which the primary outcome measures
have been cognition or other non-cognitive symptoms, but which
have reported on apathy as a secondary outcome measure. Claims
for eKicacy against apathy have been made on the basis of this
second class of study (Berman 2012). As a result, a systematic
review is required, which considers the nature and quality of
the evidence, to determine the safety, tolerability and eKicacy of
current pharmacological options for the treatment of apathy and to
identify the most promising drugs to target for future investigation.

O B J E C T I V E S

Objective 1: To assess the safety and eKicacy of pharmacotherapies
for the treatment of apathy in Alzheimer's disease (AD).

Objective 2: To assess the eKect on apathy of pharmacotherapies
investigated for other primary outcomes in the treatment of AD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all placebo-controlled, parallel and cross-over
randomized controlled trials (RCTs) that investigated medications
to treat apathy in AD or mixed AD, or both. Apathy was a primary
(Objective 1) or secondary (Objective 2) outcome in the included
studies.

We also included parallel and cross-over RCTs that compared two
or more medications for treating apathy in people with AD or mixed
AD.

Types of participants

We included participants who met standardized diagnostic criteria
for AD or mixed AD (e.g. the Diagnostic and Statistical Manual
of Mental Disorders (IV, IV Text Revision, 5) (APA 2013), the
National Institute of Neurological and Communicative Disorders
and Stroke/Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) (McKhann 1984), the National Institute on
Aging/Alzheimer’s Association (NIA/AA) (McKhann 2011) and
the International Classification of Diseases and Related Health

Problems 10th Revision (ICD-10) (WHO 1992)).

We extracted information on baseline scores of apathy in order to
determine if study populations had clinically significant apathy.
However this was not an inclusion criterion for this meta-analysis.
Although some authors reported on clinically significant apathy
using the Apathy Evaluation Scale (AES), Frontal Systems Behaviour
Scale (FrSBe) Tscore, or clinical judgement, we classified studies as
including participants with clinically significant apathy when the
mean NPI-apathy subscore was more than three at baseline (Mulin
2011).

Types of interventions

We included any pharmacological interventions. We applied no
restrictions to duration of treatment or to medication dosage.

Pharmacological interventions for apathy in Alzheimer's disease (Review)
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Types of outcome measures

For Objective 1 – the assessment of eKicacy and safety of drugs
being investigated specifically for the treatment of apathy in AD –
we included the following outcomes in the review:

Primary outcomes

1. Apathy measured by a scale which specifically measures apathy,
either exclusively or as one of its components. The scales
include, but are not limited to, the Apathy Evaluation Scale
(AES), the apathy component of the Clinical Global Impressions
of Change scale (CGI-C apathy), the Neuropsychiatric Inventory
(NPI) apathy subscale, the Lille Apathy Rating Scale (LARS),
the FrSBe–Apathy component, the Nurses’ Observation Scale
for Inpatient Evaluation (NOSIE), the Brief Psychiatric Rating
Scale (BPRS) and the Sandoz Clinical Assessment-Geriatric Scale
(SCAG).

2. Adverse eKects.

Secondary outcomes

1. Neuropsychiatric symptoms other than apathy.

2. Cognition.

3. Functional performance.

4. Changes in global disease severity (CGI-C).

5. Dropouts due to adverse events (AEs).

For Objective 2, when we considered studies reporting apathy as
a secondary outcome measure, we evaluated the eKect on apathy
only. This was because these studies are likely to form only a
small and unrepresentative subset of studies investigating the
other outcomes. We considered them a useful source of preliminary
information about possible eKects on apathy, but an unsuitable
dataset to estimate eKects on safety or our secondary outcomes.

Search methods for identification of studies

Electronic searches

We searched ALOIS (www.medicine.ox.ac.uk/alois), the Cochrane
Dementia and Cognitive Improvement Group Specialized Register,
on 15 June 2016 and 05 May 2017. We used the following search
terms: apathy, apathetic, BPSD.

The Information Specialist maintains ALOIS, which contains
dementia and cognitive improvement studies identified from the
following sources:

1. Monthly searches of a number of major healthcare databases:
MEDLINE, Embase, CINAHL, PsycINFO and LILACS.

2. Monthly searches of a number of trial registers: the metaRegister
of Controlled Trials; the Umin Japan Trial Register; the World
Health Organization (WHO) International Clinical Trials Registry
Platform (ICTRP) (which covers ClinicalTrials.gov, ISRCTN, the
Chinese Clinical Trials Register, the German Clinical Trials
Register, the Iranian Registry of Clinical Trials, the Netherlands
National Trials Register and others).

3. Quarterly searches of the Cochrane Central Register of
Controlled Trials (CENTRAL) (the Cochrane Library).

4. Six searches a month of a number of grey literature sources:
ISI Web of Knowledge with Conference Proceedings; Index to
Theses; and Australasian Digital Theses.

We did not limit the search by language or date of publication. If
we found articles in languages other than English, we ensured that
these articles were translated and screened for potential inclusion.

We performed separate searches of many of the above-named
sources to ensure that we retrieved the most up-to-date results. The
search strategy that we used for the retrieval of trial reports from
MEDLINE is in Appendix 1.

Searching other resources

We performed electronic searches only.

Data collection and analysis

Selection of studies

Three review authors independently screened the citations
identified from the literature search by title and abstract. We
identified potentially relevant articles and obtained the full-
text articles for assessment. Three review authors independently
assessed these articles according to the previously-mentioned
criteria. We resolved any disagreements by discussion, and
involved a third review author if necessary, until we reached
consensus. We contacted the study authors for further information
when necessary. We identified duplicate citations through author
names, institution name or participant data.

For articles which investigated apathy as a primary outcome
measure (Objective 1), we contacted the study authors for further
information on our primary and secondary outcome measures
when necessary. For articles which investigated apathy as a
secondary outcome measure (Objective 2), we contacted the study
authors for further information about the change in apathy, when
necessary.

Data extraction and management

Three review authors independently extracted the data using a data
extraction form. We obtained missing data from the study authors
when possible. One review author entered the data into Review
Manager 5 (RevMan) (Review Manager 2014), and the other review
authors checked for accuracy. We resolved any discrepancies by
consensus.

Assessment of risk of bias in included studies

Two review authors independently assessed the risks of bias in
accordance with the Cochrane 'Risk of bias' assessment tool for
assessing quality and risk of bias (Higgins 2011). We compared 'Risk
of bias' ratings, and resolved discrepancies through discussion
with co-authors. The tool encourages consideration of how the
sequence was generated, how allocation was concealed, the
integrity of blinding (participants, raters and personnel), the
completeness of outcome data, selective reporting and other
potential sources of biases (e.g. carry-over bias in cross-over trials,
recruitment bias in cluster-RCTs or bias due to early stopping in
specific situations). Where the included study provided inadequate
details of randomization and other characteristics of the trials, we
contacted the study authors to obtain further information.

We assessed the risk of bias in each domain and categorized it into
one of the following.

1. Low risk of bias: plausible bias that is unlikely to seriously alter
the results.
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2. High risk of bias: plausible bias that seriously weakens
confidence in the results.

3. Unclear risk of bias: plausible bias that raises some doubts about
the results.

Measures of treatment e9ect

We analyzed the longer ordinal scales in meta-analyses as
continuous data. We converted shorter ordinal scales into
dichotomous data by combining adjacent categories into two
groups and defining one of the grouped categories as the event.

For continuous data, the measure of treatment eKect was the mean
diKerence (MD) with the 95% confidence interval (CI) if the pooled
trials used the same rating scale or test, or the standardized mean
diKerence (SMD) with a 95% CI if the trials used diKerent scales to
measure the same outcome.

For dichotomous data, the measure of treatment eKect was the
relative risk (RR) and its 95% CI.

In order to interpret findings, we used the GRADE approach (Guyatt
2008) to assess the overall quality of evidence for all outcomes
with pooled data, rating each one as either high, moderate, low
or very low quality. The GRADE ratings take into account risk of
bias, imprecision, inconsistency, publication bias and indirectness,
and express the degree of confidence one can have that the eKect
estimate is close to the true eKect.

Unit of analysis issues

Carry-over eKects are a concern associated with cross-over trials.
If a study reported significant carry-over eKects, we used only data
from the first phase of a cross-over study. If a study reported no
carry-over eKects, then we included data (paired data if possible)
from both treatment phases.

Dealing with missing data

In the event of missing information, we requested unreported data
from the author(s) of the original study. We preferred intention-
to-treat (ITT) data when available. In the case of missing data for
non-completers, we recorded any imputation methods used by the
study authors and considered the use of sensitivity analyses to
assess the impact on the results of diKerent methods of dealing
with missing data.

Assessment of heterogeneity

Clinical heterogeneity

We considered separately studies that were related by drug group.
Within each group of studies, we noted the obvious sources of
heterogeneity and considered these in the analyses.

Statistical heterogeneity

Visual inspection

We inspected graphs to assess the possibility of statistical
heterogeneity.

Use of the I2 statistic

We used the I2 statistic to identify heterogeneity across the included

studies. If the I2 statistic value was greater than 40%, we took this
value to represent significant heterogeneity.

Assessment of reporting biases

We performed a comprehensive search and included trial registries
to minimize the risk of reporting bias, which may arise when
publication is influenced by the nature and direction of results
(Egger 1997).

Data synthesis

We used a fixed-eKect model for analyses with suKicient
homogeneity. If there was significant heterogeneity, we used
a random-eKects model. If possible, we conducted analyses in
accordance with the principles of ITT.

Subgroup analysis and investigation of heterogeneity

Data permitting, we conducted subgroup analyses for each drug
group to examine the eKect of the following:

1. Treatment duration.

2. Disease severity and diagnostic group (i.e. AD or mixed
dementia).

If there were high levels of heterogeneity, we explored the plausible
causes of heterogeneity. If we identified statistical heterogeneity,
we used the strategies recommended by the Cochrane Handbook
for Systematic Reviews of Inteventions, Section 9.5.3 and completed
a random-eKects meta-analysis to incorporate heterogeneity
among studies (Deeks 2011).

Sensitivity analysis

In order to address the robustness of our results to potential risks
of bias, we repeated the previous analyses, excluding studies at
high risk of bias. We identified issues suitable for sensitivity analysis
during the review process.

Data presentation: 'Summary of findings' tables

We used the GRADE approach to assess the quality of evidence
behind each estimate of treatment eKect (Schünemann 2011).
For each comparison, we presented key findings, including a
summary of the amount of data and the magnitude of the eKect
size. For comparisons in Objective 1, we presented the overall
quality of the evidence in a 'Summary of findings' table, created
using GRADEpro soPware (www.gradepro.org). We preselected the
following outcomes.

1. Apathy.

2. Adverse eKects.

3. Overall behavioral symptoms.

4. Cognition.

5. Function.

6. Clinical global impression.

7. Dropouts due to AEs.

As described above, apathy was the only outcome measure
evaluated for those studies assessing apathy as a secondary
outcome measure (Objective 2). We did not produce ‘Summary
of findings’ tables for Objective 2 comparisons. However, we
described the quality of evidence, using the GRADE approach, along
with the results.
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R E S U L T S

Description of studies

Results of the search

Our search of the database and other electronic sources yielded
5295 references and 675 references, respectively. APer de-
duplication and first-assess removal of non-relevant references
by Anna Noel-Storr (Information Specialist of the CDCIG), MR
and EHA, or MR and SC independently assessed the remaining
1566 references for relevance. Of these, we ruled out 1504
references as they either did not investigate apathy as a primary
or secondary outcome measure, did not investigate the eKicacy
of a pharmacological agent, did not conduct a double-blind,
randomized, placebo-controlled trial, and/or did not include

people with AD. This leP 62 full-text articles for assessment by MR,
EHA and SC independently. These articles reported on apathy as
a primary outcome measure, or used a scale such as the NPI to
evaluate apathy as a secondary outcome measure. We contacted
authors when data were not suKiciently reported for extraction for
this review. We received further information from Ruths 2008 and
Tariot 2011.

Forty-one studies which investigated apathy as a secondary
outcome measure did not publish or provide upon request
suKicient data on apathy; we therefore excluded them from this
review. Of the 21 studies included in this meta-analysis, four
investigated apathy as a primary outcome (Objective 1), and 17
studies investigated apathy as a secondary outcome (Objective 2).

See Figure 1 for the study flow diagram.
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Figure 1.   2Study flow diagram.
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Included studies

The characteristics of the 21 included studies in this review are
summarized in the Characteristics of included studies table.

Twenty-one studies met our inclusion criteria for this meta-
analysis. We provide further information on study and participant
characteristics in Table 1. All of the trials included in this meta-
analysis were randomized, double-blind and placebo-controlled.
All but three studies (Sival 2002; Frakey 2012; Padala 2017) were
multicenter trials. All studies included people with possible or
probable AD according to standardized criteria (NINCDS-ADRDA,
DSM-IV-TR, or ICD-10).

Objective 1:

Four studies investigated the eKect of a pharmacological treatment
on apathy as a primary outcome measure. The drugs studied
were methylphenidate and modafinil, both compared to placebo.
We treat modafinil and methylphenidate separately in this review
and meta-analysis. Although both are CNS stimulants, their
mechanisms of action diKer. Modafinil activates glutamatergic
circuits while inhibiting GABA neurotransmission (Gerrard 2007).
Among other actions, methylphenidate blocks dopamine uptake in
central adrenergic neurons by blocking dopaminergic transporter
and carrier proteins (Volkow 2002).

Methylphenidate

Three placebo-controlled studies have investigated the eKicacy
of methylphenidate for the treatment of apathy in people with
AD (Herrmann 2008; Rosenberg 2013; Padala 2017). These studies
had similar eligibility criteria, with participants having mild-to-
moderate AD and clinically significant apathy at baseline. In all
three studies, the daily target dose of methylphenidate was 20 mg.

Herrmann 2008 conducted a cross-over study with two two-week
treatment phases and a one-week placebo washout between
treatment phases. The authors reported no treatment order or
carry-over eKects. We extracted paired data from this study. We did
not consider the cross-over design to be a source of bias.

Rosenberg 2013 and Padala 2017 both used a parallel-group design
and investigated the eKicacy and safety of methylphenidate in the
treatment of apathy over six and 12 weeks respectively.

Modafinil

Frakey 2012 also investigated the eKect of modafinil on apathy in
people with mild-to-moderate AD and clinically significant apathy
at baseline (FrSBe apathy Tscore ≥ 65). As Frakey 2012 provided the
baseline and final standard deviation (SD) values, we imputed the
change SD using methodology provided in the Cochrane Handbook
(Section 16.1.3.2).

Objective 2:

Seventeen studies reported the eKect of a pharmacotherapy on
apathy as a secondary outcome measure. The drugs studied
were cholinesterase inhibitors (ChEIs), atypical antipsychotics,
antidepressants, mibampator, valproate and semagacestat, versus
placebo. Two placebo-controlled discontinuation studies with
ChEIs and antipsychotics also investigated apathy as a secondary
outcome measure. Clinically significant apathy was not an inclusion
criterion in any of the studies.

Cholinesterase inhibitors

Six studies investigating ChEIs met the inclusion criteria for this
review. Two studies (Tariot 2001; MSAD trial) included participants
with moderate-to-severe AD. Herrmann 2005; Kaufer 1998; Morris
1998; and Raskind 1999 included participants with mild-to-
moderate AD. Although none of the studies actively recruited
participants with clinically significant apathy (considered as an
NPI apathy subscore ≥ 3), baseline apathy in the MSAD trial was
clinically significant in both treatment groups. In the remaining
studies, neither treatment group had clinically significant apathy at
baseline.

Tariot 2001, the MSAD trial and Herrmann 2005 included currently
approved ChEIs for the treatment of AD (donepezil, galantamine
and rivastigmine).

Tariot 2001 and the MSAD trial investigated the eKicacy and
safety of donepezil (target dose: 5 - 10 mg/daily) over 24 weeks.
Both papers reported change scores as least square mean (LSM)
change. We considered this to be a potential source of selective
reporting bias, as covariates were included in a linear regression
which computed adjusted mean change values. We computed
the SD values from the provided standard error (SE) values for
LSM change using methods provided in the Cochrane Handbook
(Section 7.7.3.2).

Herrmann 2005 reported the eKect of galantamine on
neuropsychiatric symptoms (NPS) in a post hoc analysis of pooled
data from three large trials (Tariot 2000; Rockwood 2001; data
file from Janssen-Ortho) which had study durations of three, five
and six months, respectively. We included data from this post hoc
analysis because each trial met inclusion criteria for this meta-
analysis, and because we were unable to obtain suKicient data
from the primary papers. Herrmann 2005 conducted an ITT analysis
on the pooled data obtained from the last observation on each
participant.

Kaufer 1998, Morris 1998, and Raskind 1999 all investigated
the eKicacy and safety of metrifonate in AD. Metrifonate is an
irreversible organophosphate acetylcholinesterase inhibitor which
was not approved for the symptomatic management of AD. All
three papers reported LSM change scores which used covariates to
create an adjusted mean change score. Again, we considered this
to be a potential source of selective reporting bias. We were able
to compute SD change values from Raskind 1999 using reported
SE change values. However, as neither Kaufer 1998 nor Morris 1998
reported SE or SD change values, we used SD values computed from
Raskind 1999 for both these studies, as all studies had participants
with similar AD severity, and the same study duration and dosing
regimen.

ChEI discontinuation

Herrmann 2016 investigated the eKicacy and safety of ChEI
discontinuation in people with moderate to severe AD. Continuing
treatment with a ChEI was compared to ChEI discontinuation
(placebo substitution), and so we included the results of this study
in the meta-analysis. However, this evidence is indirect in terms
of our review questions, as all participants were receiving long-
term ChEI treatment (more than a year) prior to study enrollment,
and it is unclear how this may influence our findings. Although
Herrmann 2016 did not actively recruit participants with clinically
significant apathy, those who were randomized to continue ChEI
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use had clinically significant apathy (NPI-apathy subscale score ≥ 3)
compared to placebo. However, the diKerence between groups was
not statistically significant.

Atypical antipsychotics

We identified 16 RCTs that evaluate the eKicacy of atypical
antipsychotics for aggression and psychosis in people with AD
(Ballard 2006). However, only two of these studies met our inclusion
criteria and reported suKicient data on apathy, or provided data
upon request, for this meta-analysis (De Deyn 2004; Sultzer 2008).

De Deyn 2004 investigated the eKicacy of olanzapine versus
placebo in treating NPS over 10 weeks. As participants in this study
were randomized into one of five groups (1, 2.5, 5 or 7.5 mg of
olanzapine, or placebo), we have combined results from those
randomized to olanzapine to prevent a unit-of-analysis error due
to multiple comparisons (Cochrane Handbook section 16.5.4). The
method used for combining groups was provided in the Cochrane
Handbook (Section 7.7.3.8). As well as meeting standardized criteria
for AD, all participants also had clinically significant psychotic
symptoms.

Sultzer 2008 investigated the eKicacy of atypical antipsychotics
(olanzapine, quetiapine and risperidone) versus placebo in treating
NPS for up to 36 weeks (phase 1 of the study). In phase 2 of the
study, participants could be randomized to a diKerent medication
at the clinician’s discretion. Mean change scores were reported
over the first 12 weeks of phase 1 of the study, and so we used
these results in the meta-analysis. Participants were randomized
to one of four groups (olanzapine, quetiapine, risperidone or
placebo). In order to prevent a unit-of-analysis error due to multiple
comparisons, we combined results from participants receiving all
three atypical antipsychotics. In addition to meeting standardized
criteria for AD, all participants also had clinically significant
psychotic symptoms or agitation/aggression over the four weeks
prior to study entry.

Neither study actively recruited people with clinically significant
apathy. However, in De Deyn 2004 each treatment group had
clinically significant apathy at baseline. As Sultzer 2008 did not
provide baseline scores on apathy, we were unable to determine
whether participants enrolled in this study had clinically significant
apathy.

Antipsychotic discontinuation

We identified nine clinical trials which investigated the eKicacy and
safety of antipsychotic discontinuation in people with AD, but we
were able to include only one study which met our inclusion criteria
and provided data on apathy upon request (Ruths 2008).

Ruths 2008 investigated the eKicacy of antipsychotic
discontinuation in people with AD who had been receiving
haloperidol, risperidone or olanzapine (range: 3 to 62 months).
Neither treatment group had clinically significant apathy at
baseline.

Antidepressants

We identified 12 trials comparing antidepressants with placebo
in people with AD. However, only two studies met our inclusion
criteria and yielded extractable data (CitAD trial) or provided data
upon request (Lanctôt 2002).

Lanctôt 2002 investigated the eKect of sertraline on NPS in people
with severe AD and clinically significant NPS (NPI ≥ 8). This cross-
over study consisted of two four-week treatment phases separated
by a one-week placebo washout. Neither treatment group had
clinically significant apathy at baseline. As the authors reported
that treatment order did not have an eKect on treatment response,
we did not consider the cross-over design to be a source of bias.
Lanctôt 2002 published results in treatment responders only, but
data on all participants were provided upon request.

CitAD trial investigated the eKect of citalopram on agitation in
people with AD and clinically significant agitation over nine weeks.
As CitAD trial provided median and interquartile range (IQR) values
for NPI-apathy subscores and NPI-total scores, we used methods
described in the Cochrane Handbook (Section 7.7.3.5) to validate
use of the median to estimate mean values, and to convert IQR to SD
values. For mini-mental state examination (MMSE) and Alzheimer's
Disease Cooperative Study Activities of Daily Living (ADCS-ADL)
scores, SD values were provided at baseline, while SE values
were provided at study endpoint. We calculated the SD from SE
values using methods provided in the Cochrane Handbook (Section
7.7.3.2), and derived change SD values also using methods provided
in the Cochrane Handbook (Section 16.1.3.2).

The presence of clinically significant apathy was not an inclusion
criterion for either study. However, participants in CitAD trial had
clinically significant apathy (NPI-apathy subscore ≥ 3) at baseline.

Mibampator

Trzepacz 2013 investigated the eKicacy of mibampator (LY451396)
on agitation/aggression in people with AD over 12 weeks. Trzepacz
2013 reported the LSM change score and SD for overall behavior
using the FrSBe total Tscore. Apathy was assessed using the FrSBe
apathy T-subscore. We extrapolated the LSM change score for
apathy from a graph. However, as SD change scores for apathy were
not provided in the paper, we inferred these values from the FrSBe
total change Tscore results. As LSM change scores use covariates
to create an adjusted mean change score, we considered this as a
potential source of selective reporting bias. Since Trzepacz 2013 did
not provide baseline apathy scores, we were unable to determine
whether study participants had clinically significant apathy.

Valproate

We identified three studies investigating valproate which met the
inclusion criteria for this meta-analysis (Sival 2002; Herrmann
2007; Tariot 2011). These studies had similar eligibility criteria,
with participants having moderate AD and clinically significant
agitation/aggression. Tariot 2011 also included participants with
clinically significant psychosis. In all three studies, the primary
outcome measure was the eKicacy of valproate on agitation/
aggression (and/or psychosis in Tariot 2011).

Herrmann 2007 was a cross-over study with two six-week
treatment phases separated by a two-week placebo washout
period. Data from this study were provided upon request. Though
Herrmann 2007 did not actively recruit people with clinically
significant apathy, those randomized to receive placebo had
clinically significant apathy (NPI-apathy subscale score ≥ 3)
compared to those receiving valproate. However, the diKerence
between groups was not statistically significant.
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Sival 2002 was also a cross-over study with two three-week
treatment phases separated by a one-week placebo washout
period. We were unable to confirm whether participants enrolled in
this study had clinically significant apathy at baseline.

Although treatment order and carry-over eKects were investigated
by Sival 2002 and Herrmann 2007, both papers reported the
absence of these eKects. As such, we did not consider the cross-over
design to be a source of bias. We extracted paired data from both
studies.

Tariot 2011 investigated the eKicacy of valproate as a prophylactic
treatment for emerging agitation or psychosis in people with
moderate AD over 24 months, followed by a two-month period
of single-blind placebo treatment. Neither treatment group had
clinically significant apathy. Data from this study were provided
by the Alzheimer's Disease Cooperative Study (ADCS) group upon
request.

Semagecestat

Rosenberg 2016 investigated the eKicacy of semagecestat for the
treatment of AD over 76 weeks. Participants in this study were
randomized to one of three groups (100 or 140 mg of semagacestat,
or placebo). We combined results from those randomized to both
semagacestat groups using the method provided in the Cochrane
Handbook (Section 7.7.3.8) in order to prevent a unit-of-analysis
error due to multiple comparisons (Cochrane Handbook Section
16.5.4). We used methods described in the Cochrane Handbook
(Section 7.7.3.2) to calculate SD values for the MMSE and ADCS-ADL
scores from the 95% confidence intervals reported by the authors.

We were unable to confirm whether participants enrolled in this
study had clinically significant apathy, as neither Doody 2013 nor
Rosenberg 2016, who published the original findings of the study,
provided baseline apathy scores.

Interventions

We present relevant details about treatment groups and doses of
medication used in each study in Table 1.

Outcomes

All trials included in this meta-analysis examined apathy as a
primary or secondary outcome measure. We summarize the details
of outcomes measured and reported in each trial in Table 2. A
number of scales were used to measure each outcome.

Primary e"icacy and safety outcomes:

1) Apathy

NPI-apathy subscale: Apathy is a subscale item on the NPI scale.
The apathy score is calculated as the product of frequency and
severity of apathy symptoms, with a range of 0 to 12. Higher scores
indicate more frequent and/or severe symptoms (Cummings 1994).
AES-Informant (AES-I) and AES-Clinician (AES-C): This is an
18-item informant (AES-I) or clinician (AES-C)-rated scale which
measures apathy severity as defined by simultaneous deficits in
the overt behavioral, cognitive and emotional constructs of goal-
directed behavior. The higher the score, the greater the apathy
severity (Marin 1991).
BPRS Withdrawn depression factor score: The Withdrawn
Depression component of the BPRS consists of emotional
withdrawal, depressed mood, motor retardation, and blunted

aKect (Overall 1962). This component of the BPRS has been shown
to be fairly associated with scores on the NPI-apathy subscale
(Politis 2004).
FrSBE apathy: Apathy is a subscale item on the FrSBE, which
measures three frontal systems behavioral syndromes: apathy,
disinhibition, and executive dysfunction. The higher the score, the
greater the severity of apathy (Grace 2011).
Behavior Rating Scale for Psychogeratric Inpatients (GIP):
Apathy is one of four components of the 82-item GIP scale. Higher
scores indicate greater severity of apathy (Diesfeldt 2013).

2) Adverse events

As a number of drug classes were included in this meta-analysis, we
chose to use the number of participants who experienced one or
more adverse events (AEs) as an indication of safety. This outcome
was reported by all studies which reported safety outcomes.

Secondary outcomes:

3) NPS

NPI: The NPI is a widely-used assessment of 12 behavioral
symptoms in dementia, including: delusions, hallucinations,
agitation/aggression, apathy, depression, euphoria, aberrant
motor behavior, irritability, disinhibition, anxiety, sleeping and
eating. The frequency and severity of these symptoms are judged
on a four-point and three-point scale, respectively (Cummings
1994).

4) Cognition

MMSE: This scale measures global cognition, and assesses
orientation to time and place, immediate recall, short-term verbal
memory, calculation, language, and construct ability. The MMSE
is scored out of 30, with lower scores indicating greater cognitive
impairment (Folstein 1975).

5) Function

IADL scale/ADL-Q: Although termed diKerently by Frakey 2012 and
Padala 2017, the scale used was the same between both studies.
This questionnaire measures functional abilities in elderly people
necessary for independent living. Scores range from 0 to 28, with
lower scores indicating greater functional impairment (Lawton
1969).

ADL scale: This questionnaire assesses independence in
performing basic tasks such as bathing, dressing, and feeding.
Scores range from 0 to 24, with lower scores indicating greater
functional impairment (Katz 1963).

6) Global change

CGIC and ADCS-CGIC: This scale quantifies disease severity and
clinical change (worsening, no change, or improvement), based
on information about the person’s medical history, cognition,
behavior, and function (Schneider 1997).

7) Dropouts due to AEs

In clinical trials with AD participants, attrition is a common problem
attributed to loss to follow-up, lack of eKicacy, violation of study
protocol, and the presence of AEs. As we are concerned with
tolerability, we report on the number of dropouts due to an AE.
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Excluded studies

Double-blind, placebo-controlled RCTs which we exclude from this
meta-analysis are presented in the Characteristics of excluded
studies. We did not exclude any RCTs which investigated and
reported on the eKicacy of a pharmacological intervention on
apathy as a primary or secondary outcome measure in people with
mild, moderate, or severe AD.

Risk of bias in included studies

All studies included in this meta-analysis were described as
double-blind, randomized, placebo-controlled trials. We present
details concerning the risks of bias of individual studies in the
Characteristics of included studies tables; Figure 2; and Figure 3.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2.   (Continued)

 
 

Figure 3.   Figure 3   CaptionRisk of bias graph: review authors' judgements about each risk of bias item presented as
percentages across all included studies.

 
Allocation

Most trials provided an adequate description of treatment
allocation, but for some trials we were unable to obtain or locate
this information. In these cases, we indicated unclear bias. These
trials included the following: Kaufer 1998; Lanctôt 2002; De Deyn
2004; Herrmann 2005; Padala 2017.

Incomplete outcome data

All trials except Kaufer 1998 and Herrmann 2005 adequately
described attrition rates in text, or included a figure detailing
participant flow, or both. As mentioned previously, Herrmann
2005 investigated the eKicacy of galantamine in a pooled
post hoc analysis of three placebo-controlled RCTs. Two of
the studies included participant flow diagrams, and described
study discontinuations in detail (Tariot 2000; Rockwood 2001).
In Rockwood 2001, discontinuations due to AEs were more
common in participants who were randomized to galantamine
than placebo. However, the authors used ITT analyses, and last
observation carried forward (LOCF) analysis as appropriate. Tariot
2000 reported that discontinuations due to AEs were similar
between participants randomized to galantamine compared to
placebo. We considered that these two studies had a low risk of
attrition bias. However, as Herrmann 2005 was not able to confirm
whether this also applied to data obtained from Janssen-Ortho, this
was a potential source of bias.

In Kaufer 1998, authors mention that reported data included LOCF
analysis in an ITT population. However, as no further details on
attrition were provided, we included this as a potential source of
bias.

Selective reporting

As mentioned previously in the Description of studies, we had
concerns with selective reporting, specifically in studies comparing
ChEI, citalopram and semagacestat versus placebo. In Kaufer 1998,
Morris 1998, Raskind 1999, and the MSAD trial, change scores were
reported as LSM values. As LSM values use covariates to generate an
adjusted mean change score, this is a possible source of selective
reporting bias.

Raskind 1999 and the MSAD trial both reported SE values of LSM
change scores. We were able to compute SD values from the SE
values provided. However, as Kaufer 1998 and Morris 1998 did not
report SE or SD values, we used the SD values we had computed
from Raskind 1999, as there were similarities across all three
studies in AD severity of participants, study duration, and dosing
regimen. Again, we considered this to be a possible source of
selective reporting bias.

CitAD trial reported median values for continuous outcome
measures. This is a source of selective reporting bias, as CitAD trial
also reported that the data for these measures were not normally
distributed, and may not be an accurate representation of the raw
mean values.

Rosenberg 2016 reported on our primary eKicacy outcome of
apathy, and NPS.

E9ects of interventions

See: Summary of findings for the main comparison
Methylphenidate compared to placebo for apathy in Alzheimer's
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disease; Summary of findings 2 Modafinil compared to placebo for
apathy in Alzheimer's disease

Objective 1:

Comparison of methylphenidate with placebo

See: Summary of findings for the main comparison.

Primary e"icacy and safety outcomes:

1. Apathy

Three included studies investigated and reported on the eKicacy
of methylphenidate for the treatment of apathy as a primary
outcome measure (Herrmann 2008; Rosenberg 2013; Padala 2017).
All studies used the AES to assess apathy. Herrmann 2008 and
Rosenberg 2013 also used the NPI-apathy subscale. We conducted
separate analyses using results from the AES scale, and results from
the NPI-apathy subscale.

Apathy assessed by the AES:

Based on findings obtained from the AES, we found that
methylphenidate may improve apathy compared to placebo (mean
diKerence (MD) -4.99, 95% confidence interval (CI) -9.55 to -0.43, P

= 0.03, n = 145, 3 studies, I2 = 83%). However, there was uncertainty
associated with this result, which we considered to be of low

quality, because of serious concerns with inconsistency due to
substantial heterogeneity, and imprecision due to a wide 95%
confidence interval.

We conducted an exploratory subgroup analysis in studies with a
trial duration of less than 12 weeks, and studies with a trial duration
of 12 weeks or more. We had not prespecified this trial duration
cut-oK, but chose this duration based on visual inspection of the
forest plot which suggested that Padala 2017 had a greater change
in apathy scores than Herrmann 2008 and Rosenberg 2013, despite
having similar participant characteristics and dosing (Table 1). In
studies lasting less than 12 weeks, methylphenidate may improve
apathy compared to placebo (MD -2.62, 95% CI -4.80 to -0.44, P =

0.02, n = 85, 2 studies, I2 = 0%). In Padala 2017, the only study with
a trial duration longer than 12 weeks, methylphenidate may also
improve apathy compared to placebo (MD -9.90, 95% CI -13.50 to
-6.30, P < 0.001, n = 60, 1 study). Within each subgroup, there was
uncertainty associated with the results, which we considered to be
of low quality because of serious concerns with indirectness due to
nongeneralizability of results, and to imprecision.

We noted significant diKerences between subgroups (Chi2(1) =

11.49, P < 0.001, I2 = 91.3%). Trial duration is one possible
explanation for the diKerence identified between subgroups. See
Analysis 1.1; Figure 4.

 

Figure 4.   Forest plot of comparison: 7 Methylphenidate, outcome: 7.1 Apathy (AES only).

 
We could not conduct a subgroup analysis by disease severity, as all
three studies enrolled participants with similar AD severity.

Apathy assessed by the NPI-apathy subscale:

Based on findings obtained from the NPI-apathy subscale, we
found that methylphenidate may have no eKect on apathy (MD

-0.08, 95% CI -3.85 to 3.69, P = 0.97, n = 85, 2 studies I2 = 84%). There
was uncertainty associated with this result, which we considered
to be of low quality because of serious concerns with inconsistency
due to substantial heterogeneity, and to imprecision due to a wide

95% confidence interval which may have contributed to an overall
null eKect. See Analysis 1.2.

As we included only two studies in this meta-analysis, we did not
conduct additional subgroup analyses.

2. Adverse events

Although Rosenberg 2013 reported that there were trends towards
increased anxiety and weight loss (> 2%) in those allocated
to methylphenidate, there was little or no diKerence between
treatment groups in the risk of developing an AE (RR 1.28, 95%
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CI 0.67 to 2.42, P = 0.45, n = 145, 3 studies, I2 = 62%). There was
uncertainty associated with this result, which we considered to
be of low quality due to serious concerns with inconsistency and
imprecision.

An exploratory subgroup analysis demonstrated that there was
probably little or no diKerence between treatment groups in the
risk of developing an AE in trials with a duration of less than 12

weeks (RR 1.28, 95% CI 0.44 to 3.72, P = 0.65, n = 85, 2 studies, I2

= 38%), or in trials of 12 weeks or longer (RR 1.44, 95% CI 0.73 to

2.86, P = 0.29, n = 60, 1 study). Within each subgroup, there was
uncertainty associated with the results, which we considered to be
of low quality because of serious concerns with indirectness due to
nongeneralizability of results, and to imprecision.

There were no significant diKerences noted between subgroups

(Chi2(1) = 0.03, P = 0.85, I2 = 0%). See Analysis 1.3; Figure 5.

We did not conduct a subgroup analysis based on disease severity,
as all three studies enrolled participants with similar AD severity.

 

Figure 5.   Forest plot of comparison: 7 Methylphenidate, outcome: 7.3 Adverse Events.

 
Secondary outcomes:

3. Neuropsychiatric symptoms

Only one study investigated and reported on the change in NPS
over study duration (Herrmann 2008). There may be little or no
diKerence between treatment groups in the change in NPI total
score over two weeks (MD 0.16, 95% CI -7.89 to 8.21, P = 0.97, n = 25,
1 study). There was uncertainty associated with this result, which
we considered to be of low quality because of serious concerns with
imprecision, as there was a wide 95% confidence interval, which
may have contributed to the overall null eKect, in a single study with
a small sample size. See Analysis 1.4.

4. Cognition

All studies assessed change in cognition using the MMSE. Compared
to placebo, methylphenidate probably improves cognition slightly,
although this diKerence may not be large enough to be of clinical
importance (MD 1.98, 95% CI 1.06 to 2.91, P < 0.0001, n = 145, 3

studies, I2 = 37%). We considered this evidence to be of moderate
quality, because of serious concerns with imprecision due to a wide
95% confidence interval.

An exploratory subgroup analysis in studies by trial duration
demonstrated that there was probably little or no diKerence
between treatment groups on change in cognition over time in
trials with a duration of less than 12 weeks (MD 1.00, 95% CI -0.49

to 2.49, P = 0.19, n = 85, 2 studies, I2 = 0%). In Padala 2017, the only
study with a trial duration longer than 12 weeks, methylphenidate
probably improves cognition compared to placebo (MD 2.60, 95%
CI 1.43 to 3.77, P < 0.001, n = 60, 1 study). We rated the evidence for
both subgroup analyses as of moderate quality, because of serious
concerns with imprecision due to a wide 95% confidence interval.

We found no significant diKerences between subgroups (Chi2(1) =

2.74, P = 0.10, I2= 63.5%).See Analysis 1.5.

We did not conduct a subgroup analysis based on disease severity,
as all three studies enrolled participants with similar AD severity.

5. Functional performance

Only one study reported on the change in functional performance
using the ADL and IADL (Padala 2017). There was no evidence
of a diKerence between methylphenidate and placebo ADLs over
12 weeks: MD 0.50, 95% CI -0.39 to 1.39, P = 0.27, n = 60
patients, 1 study. See Analysis 1.6. However, compared to placebo,
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methylphenidate probably improves IADLs over 12 weeks: MD 2.30,
95% CI 0.74 to 3.86, P = 0.004, n = 60 patients, 1 study. There
was some uncertainty associated with both findings, which we
considered to be of moderate quality, as only one study with a small
sample size was included in these comparisons. See Analysis 1.7.

6. Global disease severity

Two studies reported on global disease severity, measured with
the CGI. This was expressed in both studies as the number of
participants who experienced clinical deterioration over the course
of the study (Herrmann 2008; Rosenberg 2013). There was probably
little or no diKerence between treatment groups in the number who
experienced clinical deterioration (RR 0.58, 95% CI 0.16 to 2.11, P =

0.40, n = 85, 2 studies I2 = 0%). We considered this evidence to be
of moderate quality, because of serious concerns with imprecision
due to a wide 95% confidence interval. See Analysis 1.8.

7. Dropouts due to AEs

There may be little or no diKerence between treatment groups in
the number of dropouts due to an AE (RR 2.18, 95% CI 0.64 to

7.45, P = 0.21, n = 145, 3 studies, I2 = 0%). There was low certainty
associated with this result, which we considered to be of low quality
due to serious concerns about imprecision. See Analysis 1.9.

Comparison of modafinil with placebo

See: Summary of findings 2. Only one very small study (n = 23
randomized, 1 participant excluded from analysis due to AE related
dropout) investigated and reported on the eKicacy of modafinil for
the treatment of apathy as a primary outcome measure (Frakey
2012). In all of the following outcomes, there were no concerns
with risk of bias, inconsistency or indirectness. However, we had
very serious concerns with imprecision due to the small sample size
and wide 95% confidence intervals. As such we rated the quality of
evidence for all of the outcomes as low.

Primary e"icacy and safety outcomes:

1. Apathy

Apathy was assessed using the FrSBE apathy subscale. Tscores
are converted from raw scores which range from 14 to 70, and
there is very limited information available on what constitutes a
clinically important diKerence in score. There was no evidence of a
diKerence between treatment groups in the change in apathy over
eight weeks (MD 0.27, 95% CI -3.51 to 4.05, P = 0.89, n = 22, 1 study).
See Analysis 2.1.

2. Adverse events

We did not conduct an analysis for this outcome, as there was only
one adverse event reported in the modafinil treatment group and
none reported in the placebo group.

Secondary outcomes:

3. Neuropsychiatric symptoms

This outcome was not reported by Frakey 2012.

4. Cognition

This outcome was not investigated by Frakey 2012.

5. Functional performance

There was no evidence of a diKerence between modafinil and
placebo in change in functional status over eight weeks (MD -0.54,
95% CI -1.40 to 0.32, P = 0.22, n = 22, 1 study). See Analysis 2.2.

6. Global disease severity

This outcome was not investigated by Frakey 2012.

7. Dropouts due to AEs

There was one dropout from the modafinil treatment group due
to an increase in motor tics, and no dropouts from the placebo
arm. We did not conduct an analysis for this outcome, as only one
individual in the study experienced an AE.

Objective 2:

Included studies of ChEIs, antipsychotics, mibampator and
semagacestat were supported by pharmaceutical industry
sponsors. Additionally, although a large number of
studies with antipsychotics, antipsychotic discontinuation, and
antidepressants in AD have been conducted, many of which
collected data on NPS including apathy, only a few studies reported
this or provided data upon request. We therefore downgraded the
overall quality of the evidence due to serious concern about the
eKect of publication bias. Publication bias was not a concern with
studies included in the ChEI comparison, as these trials included
a large number of participants, and were less likely to remain
unpublished or ignored. Furthermore, these trials may provide a
more precise estimate of the treatment eKect, whether positive or
negative.

We also downgraded the overall quality of the evidence due
to serious concerns with indirectness, as none of the studies
contributing to Objective 2 comparisons actively recruited
participants with clinically significant apathy.

The evidence provided in this section must therefore be considered
of low quality at best.

Comparison of cholinesterase inhibitors (ChEIs) with placebo

We included six studies investigating ChEIs for cognition in people
with AD, that also included apathy as a secondary outcome
measure in this meta-analysis. All six studies used the NPI-apathy
subscale to assess apathy.

ChEIs may slightly improve apathy compared to placebo (MD
-0.40, 95% CI -0.80 to -0.00, P = 0.05, n = 3598, 6 studies,

I2= 71%). We considered the available evidence to be of low
quality. We downgraded the evidence due to serious concerns
with indirectness, inconsistency and selective reporting of adjusted
mean values, but upgraded one level due to the large sample size
(Kaufer 1998; Morris 1998; Raskind 1999; Tariot 2001; MSAD trial;
Herrmann 2005). However, the clinical importance of these findings
is uncertain, as apathy was not a primary outcome measure of these
studies.

We conducted subgroup analyses of studies using currently-
approved ChEIs (donepezil, galantamine or rivastigmine), all of
which had a duration 24 weeks or less, and studies using
metrifonate which all lasted more than 24 weeks. Currently-
approved ChEIs may have little or no eKect on apathy compared to
placebo (MD -0.21, 95% CI -0.85 to 0.43, P = 0.29, n = 2531, 3 studies,
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I2 = 80%). However, metrifonate may improve apathy compared
to placebo (MD -0.63, 95% CI -0.98 to -0.29, P > 0.001, n = 1067, 3

studies, I2 = 0%). Again, we rated the quality of the evidence as low
due to serious concerns with indirectness, and selective reporting
of adjusted mean value. There were no significant diKerences

between subgroups (Chi2(1) = 1.30, P = 0.25, I2 = 23.2%). See
Analysis 3.1; Figure 6.

We also conducted subgroup analyses of studies in which
participants had moderate or severe AD. In those with moderate

AD, ChEIs may slightly improve apathy compared to placebo (MD

-0.43, 95% CI -0.79 to -0.07, P = 0.02, n = 3100, 4 studies, I2 = 50%). In
participants with severe AD, ChEIs may also slightly improve apathy
compared to placebo (MD -0.36, 95% CI -1.82 to 1.10, P = 0.63, n =

498, 2 studies, I2 = 90%); however this finding was not statistically
significant. As mentioned previously, we rated the quality of the
evidence as low due to serious concerns with indirectness of the
study population, and selective reporting of adjusted mean values.

There was no significant diKerence between subgroups (Chi2(1) =

0.01, P = 0.93, I2 = 0%). See Analysis 3.2.
 

Figure 6.   Forest plot of comparison: 3 Cholinesterase Inhibitors, outcome: 3.1 Change in apathy from baseline as
measured by the NPI-apathy subscore (subgroup analysis with licensed versus unlicensed ChEIs).

 
Comparison of ChEI with ChEI discontinuation (placebo)

Only one study investigating the discontinuation of ChEIs met
the inclusion criteria for this meta-analysis (Herrmann 2016). All
participants in this trial were long-term ChEI users (more than two
years), and were considered eligible for this trial if they no longer
demonstrated any clinical benefit from their ChEI.

Although not statistically significant, discontinuing ChEIs may
slightly improve apathy compared to continued ChEI use, based
on the NPI-apathy subscale (MD 1.11, 95% -0.88 to 3.10, P = 0.28,
n = 40, 1 study). There was some uncertainty associated with this
result, which we considered to be of low quality because of serious
concerns with imprecision due to the small sample size and wide
95% confidence interval, and indirectness of results.See Analysis
4.1.

Comparison of antipsychotics with placebo

All studies in this meta-analysis that investigated antipsychotics
were conducted in people with clinically significant agitation and
aggression. We did not perform subgroup analyses by trial duration
and disease severity, as only two studies met the inclusion criteria
for this particular meta-analysis.

De Deyn 2004 assessed apathy using the NPI-apathy subscale,
while Sultzer 2008 assessed apathy using the BPRS withdrawn
depression factor score. Antipsychotic use may slightly worsen
apathy compared to placebo (standardized mean diKerence (SMD

0.14, 95% CI -0.00 to 0.28, P = 0.05, n = 1070, 2 studies, I2 =
15%). There is some uncertainty associated with this result, which
we considered to be of low quality due to serious concerns with
indirectness and publication bias. See Analysis 5.1.

Comparison of antipsychotics with antipsychotic
discontinuation (placebo)

Only one study which investigated the discontinuation of
antipsychotics met the inclusion criteria for this meta-analysis
(Ruths 2008).

Continued antipsychotic use may slightly improve apathy on the
NPI-apathy subscale compared to antipsychotic discontinuation
(placebo): MD -0.24, 95% CI -0.51 to 0.03, P = 0.08, n = 55, 1
study. There was uncertainty associated with this result, which
we considered to be of low quality due to serious concerns
with indirectness and publication bias. Additionally, the clinical
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importance of these findings is uncertain, as apathy was not a
primary outcome measure of these studies. See Analysis 6.1.

Comparison of antidepressants with placebo

Two studies with antidepressants met the inclusion criteria for
this meta-analysis (Lanctôt 2002; CitAD trial). All participants had
clinically significant NPS (Lanctôt 2002) or agitation (CitAD trial) at
baseline. Apathy was assessed with the NPI-apathy subscale.

We are uncertain whether antidepressants improved apathy
compared to placebo over the duration of treatment (MD -1.24,

95% -1.44 to -1.04, P < 0.00001, n = 126, 2 studies, I2 = 3%). There
was uncertainty associated with this result, which we considered
to be of very low quality due to selective reporting (the NPI-
subscores in the CitAD trial were not normally distributed, and the
reported medians were used as an estimate of the sample mean),
indirectness of results, and publication bias. See Analysis 7.1.

Comparison of mibampator with placebo

Only one study investigated and reported on the eKicacy of
mibampator for the treatment of apathy (Trzepacz 2013).

We are uncertain whether mibampator improved apathy, assessed
with the FrSBe-apathy Tscore compared to placebo over the
duration of treatment (MD -1.20, 95% -1.94 to -0.46, P = 0.001, n
= 132, 1 study). There was uncertainty associated with this result,
which we considered to be of very low quality due to selective
reporting of adjusted mean values, indirectness of results, and
publication bias. See Analysis 8.1.

Comparison of valproate with placebo

Three studies investigated and reported on the eKicacy of valproate
for the treatment of apathy (Sival 2002; Herrmann 2007; Tariot
2011).

There may be little or no diKerence between treatment groups in
the change in apathy over the duration of treatment (SMD 0.02, 95%

CI -0.23 to 0.26, P = 0.88, n = 257, 3 studies, I2 = 0%). There was
uncertainty associated with this result, which we considered to be
of low quality due to indirectness and imprecision. See Analysis 9.1.

Comparison of semagacestat with placebo

Only one paper (Rosenberg 2016) reported on the eKicacy of
semagacestat for the treatment of apathy in a secondary analysis
of a previously published trial (Semgacestat trial).

Semagacestat may slightly worsen apathy assessed with the NPI
subscale compared to placebo over the duration of treatment (MD
0.20, 95% CI 0.15 to 0.25, P < 0.001, n = 939, 1 study), but the eKect
is probably too small to be of clinical significance. There was some
uncertainty associated with this result, which we considered to be
of low quality as there were concerns with indirectness of results
and publication bias. See Analysis 10.1.

D I S C U S S I O N

Summary of main results

The results of this meta-analysis showed the following main
findings:

• Methylphenidate may improve apathy compared to placebo,
based on AES change scores in people with AD and clinically
significant apathy at baseline. However, this finding was not
supported by the results on NPI-apathy subscale change scores.
Although this inconsistency may be attributed to diKerences
between the scales, another diKerence is that the analysis with
AE data included three studies and 145 participants (Herrmann
2008; Rosenberg 2013; Padala 2017), whereas the analysis with
NPI-apathy subscale data included only two studies with 85
participants (Herrmann 2008; Padala 2017). Subgroup analysis
with AE data indicates that the eKect size was larger in a
12-week study than in six- and eight-week studies, but this
finding could be due to reasons other than trial duration.
Notably, there was uncertainty with these findings, as they were
associated with low quality of evidence. Methylphenidate may
also improve cognition and function. Both of these findings
were associated with moderate quality of evidence, although
the diKerence in cognition was small and as a result may not
be clinically significant. There were no significant diKerences
between treatment groups in the risk of developing an AE.

• In people with AD and clinically significant apathy at baseline,
low-quality evidence from one very small study suggested that
there was no eKect of modafinil on apathy.

All other included studies measured apathy as a secondary
outcome. Participants in these studies did not necessarily have
clinically significant apathy at baseline.

• ChEI use may slightly improve apathy compared to placebo,
but there is some uncertainty associated with this result due to
low quality of evidence. Furthermore, the clinical importance
of this finding is uncertain, as apathy was not a primary
outcome measure, and the eKect size was small. Significance
was maintained and heterogeneity was reduced in studies
with metrifonate only. These findings were not replicated in
more recent studies with currently-approved ChEIs. Studies with
metrifonate had a longer study duration (more than 24 weeks),
and were conducted only in people with mild-to-moderate
AD. However, as subgroup diKerences were not significant, we
cannot confirm the eKect of ChEI type (approved ChEI versus
metrifonate) or trial duration on the eKicacy of ChEI intervention
on apathy. In a subgroup analysis of disease severity, we found
similarly-sized eKects in people with moderate and severe AD.
However, there is uncertainty associated with this result, due to
the low quality of evidence.

• Atypical antipsychotics and semagacestat may slightly worsen
apathy compared to placebo. Based on the findings of one
antipsychotic discontinuation trial, continued antipsychotic
use may slightly improve apathy compared to antipsychotic
discontinuation. The clinical importance of this finding is
uncertain, as apathy was not a primary outcome measure,
and the eKect size was small. The findings of one ChEI
discontinuation trial indicated that ChEI discontinuation may
slightly improve apathy compared to ChEI continuation. These
findings were limited by a low quality of evidence.

• Valproate demonstrated little or no diKerence in apathy.
However, these findings were supported by low quality of
evidence.

• Our findings on antidepressants and mibampator had very low
quality of evidence, due to selective reporting, indirectness of
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results and publication bias. We are therefore uncertain whether
these interventions have any eKect on apathy.

Overall completeness and applicability of evidence

By conducting a meta-analysis we were able to combine findings
from multiple clinical trials to evaluate the eKicacy of a number
of pharmacological interventions for the treatment of apathy
in AD. When evaluating the applicability of this review to the
clinical setting, outcome measures, participant characteristics, and
treatment duration should be taken into consideration.

The studies with modafinil and methylphenidate were directly
applicable to our review question. They recruited participants with
clinically significant apathy, and included apathy as a primary
outcome measure, which was likely chosen prior to designing their
respective trials. As such, these trials may have a reduced risk of
false-positive errors resulting from the statistical analysis of many
outcomes, and may have a reduced risk of false-negative errors
by providing the foundation for a sample size calculation for an
adequately-powered study (Andrade 2015). For methylphenidate,
we found some data on all of our outcome measures. For modafinil,
we found no data on cognition, overall NPS, or global disease
severity.

All other included studies investigated apathy as a secondary
outcome measure. Although this may increase the risk of false-
positive and false-negative errors, the results of these studies are
still of interest given the current absence of approved medications
for the treatment of apathy in AD. However, for these interventions,
the analyses must be regarded as exploratory. From these studies,
we sought data on apathy only. In addition to a standardized
diagnosis of AD, studies with antipsychotics, antidepressants, and
mibampator also had clinically significant NPS as part of their
inclusion criteria; in diKerent studies these were overall NPS
burden, agitation/aggression or psychosis. Apathy is one of the
most frequently observed NPS in people with mild AD. In the
advanced stages of AD, psychosis, agitation and aggression also
become more prevalent, but apathy persists. In a systematic review
of 59 studies, apathy was reported to be the only NPS with high
baseline prevalence, persistence and incidence throughout the
course of dementia (Van der Linde 2016). Hence, results from these
studies may still be applicable, despite participants having NPS
other than apathy. Some but not all of the Objective 2 studies
did report apathy scores at baseline in their participants, and in
several of these apathy was at levels usually regarded as clinically
significant.

Five comparisons contained more than one study and in these
study duration varied. The three methylphenidate studies varied
from two to 12 weeks. In studies with ChEIs, study duration varied
from 12 to 26 weeks. In studies with atypical antipsychotics,
study duration varied from four to 36 weeks. In studies with
antidepressants, study duration varied from four to nine weeks.
Studies with valproate varied in study duration from 3 weeks to 24
months. We had hoped to explore the eKect of treatment duration,
but in practice the data oKered little opportunity to do this due to
the small numbers of studies and participants.

For this review, apathy was the only outcome evaluated in Objective
2. However, published systematic reviews of RCTs with ChEIs (Birks
2006), ChEI discontinuation (O'Regan 2015), atypical antipsychotics
(Ballard 2006), antipsychotic discontinuation (Declercq 2013),

antidepressants (Seitz 2011), and valproate (Lonergan 2009) may
provide insight regarding their safety and eKicacy in people with AD
and apathy.

Quality of the evidence

All the included studies were well conducted and well reported, so
that we had few serious concerns about risks of bias. We rated four
studies as being at high risk of selective reporting bias because they
reported only adjusted and not raw mean scores.

For Objective 1, the overall quality of the evidence was low for
our primary eKicacy outcome and low or moderate for adverse
events and our secondary outcomes. This was largely due to
imprecision; there were few studies and they were small. There was
also inconsistency between the three methylphenidate studies in
the eKect on apathy.

For Objective 2, the nature and quality of the evidence meant that
our results must be regarded as exploratory only. Many participants
in these studies were recruited due to high levels of NPS other
than apathy, or had no particular behavioral problems. Hence these
studies addressed our review question indirectly. Furthermore,
we were able to obtain data on apathy from only a minority of
drug trials in AD which have measured it, raising concerns about
publication bias. We also considered some of the results to be
aKected by imprecision, inconsistency or risk of selective reporting
bias.

Potential biases in the review process

Ten out of the 21 studies which we included in our meta-
analysis were pharmaceutical industry-sponsored studies. This
may be a source of publication bias, as it has been reported
that pharmaceutical-industry funding is associated with outcomes
that are favorable for the funder (Lexchin 2003; Bhandari 2004;
Heres 2006). The pharmaceutical industry may not publish negative
studies as frequently as positive studies. Publication bias is not
necessarily confined to industry-sponsored trials, as academic
researchers may also be more likely to publish positive results,
which are more likely to be accepted by editors, reviewed by
peers, and more oPen cited. Clinical trial registries aim to increase
transparency and access to information about clinical trials.
Although clinical trial registries have been available since 1997,
governmental bodies and international organizations have been
pushing for the registration and standardization of clinical trial
registries since 2005. Since 2008, the revised Declaration of Helsinki
has stated that every clinical trial must be registered in a publicly
accessible database before recruitment of the first participant
(General Assembly of the World Medical Association). However only
10 of the 21 studies included in this meta-analysis were published
in or aPer 2008.

We contacted the authors of the 41 additional studies which
met our inclusion criterion of investigating apathy as a primary
or secondary outcome measure as they did not provide data on
our primary outcome of apathy in an extractable format. However,
since we did not receive a response, or since data were no longer
available to the authors, we excluded those studies from our meta-
analyses.

The NPI-apathy subscale and the AES are two of the most widely-
used scales in research related to apathy in AD. In this review, 16
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studies used the NPI-apathy subscale, four studies used the AES,
two used the FrSBe apathy Tscore, and one study each used the
BPRS-withdrawn depression factor score, and the GIP apathetic
behavior subscore. As diKerent scales were used to assess apathy
in the studies included in this review, heterogeneity of results is a
concern. However, there is no widely-accepted gold-standard scale
for assessing apathy, and there is still a lack of consensus about
the definition and diagnostic criteria for apathy (Cummings 2015).
It is therefore important for future research to focus on validating
scales and diagnostic criteria for apathy in AD. This would provide
definitive recommendations for future clinical trials on how to
appropriately target recipients of pharmacological interventions,
and how to assess apathy, which would reduce the heterogeneity
between studies.

Agreements and disagreements with other studies or
reviews

The results of this meta-analysis add to the current body
of evidence for pharmacological interventions for apathy, as
previous reports have been inconclusive in elucidating whether
methylphenidate is eKective and safe in the treatment of apathy in
people with AD.

In a meta-analysis conducted by Sepehry 2017, the
authors investigated pharmacological therapy for apathy in
AD. FiPeen studies were included, and 11 were quantitatively
analyzed. Pharmacological agents included ChEIs, memantine and
psychostimulants (modafinil and methylphenidate). That review
did not find any significant eKect of drug over placebo on apathy.
However, the authors disclosed that in the absence of descriptive
statistics (mean and SD values), they generated eKect sizes using P
values and sample sizes. If P values were not reported, the authors
assumed an alpha of 0.06 for their analyses. This method of data
imputation would have likely biased the findings of their results due
to a high risk of selective reporting.

A comprehensive review by Harrison 2016 evaluated the evidence
of pharmacotherapies for apathy from studies since 2013. However,
as they did not require trials to be placebo-controlled, nor
treat apathy as a primary or secondary outcome measure, nor
have AD as a standardized diagnosis, their findings were not
consistent with ours. With respect to ChEIs, Harrison 2016 reported
that previous findings about cognitive enhancers (ChEIs and
memantine) were not replicated in more recent studies. This
finding was similar to our own, as we found a benefit in the older
trials investigating metrifonate, but not with the more recent trials
with currently-approved ChEIs. Additionally, although results with
antidepressants were mixed, they found benefits with agomelatine
in a non-placebo-controlled RCT (Callegari 2016). Their findings
with methylphenidate were inconclusive, but they only included
one study (Rosenberg 2013). We reported on the eKicacy of
methylphenidate on apathy in three trials. However, as we did
not have high-quality evidence, we suggest that further studies
investigating the eKicacy of methylphenidate on apathy in people
with AD would increase the quality of evidence and strengthen this
finding.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Apathy is one of the most prevalent NPS of AD, aKecting
approximately 20% to 70% of suKerers. It is also associated with
a number of negative implications such as increased mortality,
increased cognitive and functional deterioration, and increased
caregiver burden. However, there are few data available to guide
clinicians in treating apathy in AD. Our meta-analysis is limited by
the small number of studies within each drug class, risk of bias,
publication bias, imprecision, indirectness of studies included in
Objective 2, and inconsistencies between studies. The evidence
suggests that methylphenidate may demonstrate a benefit on
apathy, although there is limited information available on clinically
significant improvement on the AES, and there is some uncertainty
regarding the clinical meaningfulness associated with this finding.
Methylphenidate may also demonstrate a benefit on cognition
in people with AD. However, as methylphenidate has been
contraindicated in people with agitation, open-angle glaucoma,
treatment with monoamine oxidase inhibitors, hypertension and
other cardiovascular conditions, physicians are encouraged to
exercise caution when prescribing methylphenidate in people with
AD.

Our findings with ChEIs suggest it may also have a benefit
for apathy, but there were no subgroup diKerences identified
with AD severity, or ChEI type (approved versus not approved).
Nevertheless, there may be a signal for a benefit of donepezil on
apathy (MSAD trial), and when targeting people with moderate AD.
There is very low quality of evidence available for antidepressants
and mibampator.

Implications for research

Limitations and challenges encountered in trial design should be
addressed to enhance the quality of evidence of future research. For
example, while apathy is a well-defined syndrome with cognitive,
aKective, and behavioral dimensions, there is a need to refine
this definition. Measurements of apathy as diagnostic criteria have
been well articulated, but have not yet been fully validated as a
treatment target (Cummings 2015). Furthermore, although there
are no gold-standard measurements available for the assessment
of apathy, future studies should use scales that have high test/
re-test and interrater reliabilities, such as the AES and the NPI-
apathy subscale (Clarke 2011). This may limit the inconsistency
of future findings. Future research should also focus on the
subdomains of apathy based on neurobiological, neurochemical
and neuroimaging endpoints, as this may assist in identifying
new targets for pharmacological intervention. Apathy has also
been linked to cognitive and functional deterioration in people
with AD. Future studies should therefore include cognitive and
functional outcome measures to investigate how targeting apathy
may have secondary benefits for cognition and function. Finally,
additional studies that target people with AD with clinically-
significant apathy, investigate apathy as a primary outcome
measure, and which also have a longer duration and larger sample
size, are encouraged. Altogether, this would increase the quality of
evidence for methylphenidate, as well as ChEIs, antidepressants
and mibamapator, and may justify its future use in clinical practice..
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Methods Multicenter, randomized, double-blind, placebo-controlled trial

Participants Participant information obtained from Porsteinsson 2014:

• diagnosis of “probable” AD according to NINCDS-ADRDA criteria

• MMSE score between 5 – 28 inclusive

• clinically significant agitation from which a physician determined that medication was appropriate
(NPI agitation/aggression occurring “frequently” with “moderate” or “marked” severity)

• must have a caregiver who spends at least several hours a week with the participant and required to
supervise medications and participate in outcome assessments

• stable dose of ChEI and memantine within a month preceding randomization

• withdrawal of psychotropic medications other than predefined rescue medications required

Interventions Participants were randomized to receive:

• citalopram (target dose of 30 mg/day with planned titration over 3 weeks from a starting dose of 10
mg/day) (N = 94)

• placebo (N = 92)

During the first 3 weeks after randomization, clinicians could adjust the medication dosage according
to response and tolerability. Caregivers received a standardized practical psychosocial intervention of
3 components: provision of educational materials, 24-hour availability of crisis management services,
and a 20- to 30-minute counseling session at each scheduled study visit

Duration: 9-week treatment phase

Enrollment: 186 participants randomized

Outcomes Outcomes were obtained from Leonpacher 2016:
Primary:

• NRS

• modified CGIC

Secondary:

• NPI total, individual and distress scores

• CMAI (short form)

• ADCS-ADL

• use of rescue lorazepam

Notes We have selected Leonpacher 2016 to be the primary paper. However, additional information for this
study was obtained from clinicaltrials.gov (NCT00898807) and Porsteinsson 2014. Study dates: July
2009 - September 2013. Eight sites in the USA and Canada were included. Specific site locations not dis-
closed. Coordinating site: Johns Hopkins University, Baltimore, MD, USA. Funding provided by the Na-
tional Institute on Aging and NIMH grant R01AG031348, and in part by HIH grant P50-AG05142

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Patients were randomized to receive…”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: “Patients were randomized to receive citalopram at a target dosage of
30 mg/day… or matching placebo.”

Comment: Probably done

CitAD trial 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “…there was no difference in adherence between the citalopram and
placebo groups and that side effects were generally modest and consistent
with those known to be associated with SSRIs (gastrointestinal complaints,
respiratory tract infections and falls). The adverse effects of cognitive wors-
ening (of unknown clinical significance) and QT prolongation, however, raise
concerns about 30 mg/day dosage used…”

Comment: Study withdrawals and reason for withdrawals have been reported
in Porsteinsson 2014 (Safety and Adherence section and Table 3) and appear
to be balanced between groups

Selective reporting (re-
porting bias)

High risk The authors provided medians and interquartile ranges for each NPI item at
baseline (Table 1) and at 9 weeks (Table 2), but did not report means ± SD
scores. The authors of this meta-analysis computed these values themselves.
However, as CitAD trial disclosed that these values were not normally distrib-
uted, there may be a selective reporting bias

Other bias Low risk No other identified biases

CitAD trial  (Continued)

 
 

Methods Multicenter, double-blind, randomized, placebo-controlled trial

Participants • ≥ 40 years old

• reside in LTC homes or continuing-care hospitals and were expected to continue patient status for 6
months following enrollment

• diagnosis of “possible” or “probable” AD according to NINCDS-ADRDA and DSM-IV-TR criteria

• clinically significant psychotic symptoms (delusions or hallucinations) due to AD. Must be 1) at least
moderate in severity at study entry and randomization; 2) present at least once a week for the month
preceding study entry; 3) requires pharmacological intervention, in the opinion of the investigator

• MMSE score ≥ 5 at study entry and randomization

• stable dose of ChEI prior to study entry

Interventions Following placebo lead-in phase (up to 14 days) participants were randomized to receive either:

• olanzapine (1.0 mg/day) (N = 129)

• olanzapine (2.5 mg/day) (N = 134)

• olanzapine (5.0 mg/day; 2.5 mg/day for first week, titrated to final dose by 2.5 mg/week increments)
(N = 125)

• olanzapine (7.5 mg/day; 2.5 mg/day for first week, titrated to final dose by 2.5 mg/week increments)
(N = 132)

• placebo (N = 129)

Duration: 10-week treatment phase (+ maximum 14-day placebo lead in)

Enrollment: 652 patients randomized, however 649 included in analysis.

De Deyn 2004 
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Outcomes Primary:

• NPI-NH psychosis total (sum of hallucinations and delusions)

• CGI-C

• CGI-S

Secondary:

• NPI-NH total and individual scores

• BPRS

• MMSE

• SIB

Safety:

• *SAS

• AIMS

• POMA

• Other safety assessments: spontaneously reported TEAEs, changes in vital signs, electrocardiography
and measurements of laboratory hematologies and chemistries

Notes Study dates not reported. 61 sites in Europe, Australia, Israel, Lebanon, and South Africa were included.
Specific site locations not disclosed. Corresponding author’s institution: Lily Research Laboratories, In-
dianapolis, IN, USA. Contract/grant sponsor: Eli Lilly and Company.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Patients randomly assigned to receive…”

Comment: Probably done

Allocation concealment
(selection bias)

Unclear risk This information has not been made available

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “The proportion of patients completing the 10-week treatment period
was not significantly different among the five treatment groups (Table 1)…”

Comment: Study withdrawals and reason for withdrawals have been reported
in Table 1 and appear to be balanced between groups

Selective reporting (re-
porting bias)

Low risk The authors reported means ± standard deviations on each of the 12-item NPI-
NH scores (Table 2), BPRS (total, negative and positive) scores, and CGI scores
(Table 3)

Other bias Low risk No other identified biases

De Deyn 2004  (Continued)
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Methods Randomized, double-blind, placebo-controlled trial

Participants • diagnosis of mild-to-moderate stage “probable” AD according to NINCDS-ADRDA criteria

• clinically elevated symptoms of apathy based on FrSBe scale

• stable dose of ChEI for 30 days

Interventions Participants were urn-randomized into either:

• modafinil (100 mg/day in the morning for the first week and 200 mg/day in the morning for remaining
7 weeks) (N = 11)

• placebo (N = 11)

Duration: 8 weeks

Enrolment: 23 participants randomized, 1 participant excluded from analysis due to AE-related drop-
out

Outcomes Primary:

• FrSBe apathy score

Other:

• ADLQ

• DAFS

• ZBI

Notes Study dates: July 2005 - September 2007. Study site: Butler Hospital, Providence, RI, USA. Salary sup-
port for the corresponding author provided by a National Research Service Award from the National In-
stitute of Mental Health. Cephalon provided study medication, placebo, and $40,000 USD through an
unrestricted investigator-initiated grant

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “A randomized, double-blind, placebo-controlled design was em-
ployed.”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: “Participants were urn-randomized into either the experimental group
(modafinil) or the control group (placebo) using apathy severity (mild, moder-
ate, or severe), dementia severity (mild or moderate), presence of antidepres-
sant medication, and presence of memantine as randomization factors.”

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."“Both the physician (S.S.) and the clinician (L.L.F.)
who performed the assessments were blind to the medication status of the
participants.”

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Frakey 2012 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “One experimental group participant was withdrawn from the study af-
ter 2 weeks due to an increase in motor tics.”

Comment: Though no participant flow diagram was provided in text, partici-
pant withdrawal information and reasoning described in text

Selective reporting (re-
porting bias)

Low risk Quote: “The mean scores and SDs for our 2 groups for each of the outcome
measures are presented in Table 2.”

Comment: Table 2 provides descriptive statistics for independent and depen-
dent variables assessed in the study, providing means ± standard deviations
for each outcome

Other bias Low risk No other identified biases

Frakey 2012  (Continued)

 
 

Methods Data pooled from 3 multicenter, double-blind, placebo-controlled, parallel-group studies

Participants Similar criteria between the 3 studies:

• diagnosis of mild-moderate “probable” AD according to NINCDS-ADRDA criteria

• ≥ 6-month history of gradual onset, progressive cognitive decline

Rockwood 2001:

• sMMSE score between 11 and 24

• ADAS-Cog-11 score ≥ 12

Tariot 2000:

• sMMSE score between 10 and 22

• ADAS-Cog-11 score ≥ 18

Data obtained by authors from Janssen-Ortho Inc.:

• sMMSE score between 10 and 24

• ADAS-Cog-11 score ≥ 18

Interventions Rockwood 2001:

Participants were randomized to either:
- Galantamine (IR) (N = 261)
- Placebo (N = 125)

Duration: 3-month treatment phase (+1 month placebo run-in)

Enrollment: 368 participants randomized
 
Tariot 2000:

Participants were randomized to either:

• Galantamine (IR) 8 mg/day (N = 140)

• Galantamine (IR) 16 mg/day (N = 279)

• Galantamine 24 mg/day (N = 273)

• Placebo (N = 286)

Duration: 5-month treatment phase (+1 month placebo run-in)

Herrmann 2005 
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Enrollment: 978 participants randomized

Data obtained by authors from Janssen-Ortho Inc.

Participants were randomized to either:

• Galantamine IR (N = 327)

• Galantamine CR (N = 320)

• Placebo (N = 324)

Duration: 6-month treatment phase (+1 month placebo run)

Enrollment: 971 participants randomized

Outcomes Primary outcome for pooled analysis:

• NPI individual, cluster, and total scores

Primary outcome for included studies include changes from baseline in:

• ADAS-cog-11

• CIBIC-plus

Behavioral outcome for included studies include changes from baseline in:

• NPI individual, cluster, and total scores

Notes Study dates note reported. Sites of studies included in analyses include the USA, Canada, Great Britain,
South Africa, Australia, and New Zealand. Specific site locations not disclosed. Corresponding au-
thor’s institution: Sunnybrook Health Sciences Centre, Toronto, Canada.This research was support-
ed by a grant from the American Health Assistance Foundation-Alzheimer's Disease Research Pro-
gram (#A2003-236) and by the Dean's Fund of the University of Toronto. All studies were supported by
Jannssen.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Data were pooled from 2033 subjects...who had participated in one of
three randomized, double-blind placebo-controlled trials".
Comment: Probably done

Allocation concealment
(selection bias)

Unclear risk This information has not been made available

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."
Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."
Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 2 of the studies included in this pooled analysis (Tariot 2000; Rockwood 2001)
have each included a figure on participant flow. However, as the data from
Janssen-Ortho Inc. has not been made available, we are unsure about the risk
of bias

Herrmann 2005  (Continued)
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Selective reporting (re-
porting bias)

Low risk The authors reported on means ± standard deviations on each of the 12-item
NPI scores, at baseline and over treatment duration

Other bias Low risk No other identified biases

Herrmann 2005  (Continued)

 
 

Methods Randomized, double-blind, placebo-controlled cross-over trial

Participants • > 55 years old

• residents from 2 long-term facilities associated with university-affiliated general hospitals

• diagnosis of primary degenerative dementia according to DSM-IV and “probable” AD of at least 1 year’s
duration according to NINCDS-ADRDA criteria

• MMSE score of < 15

• significant BPSD as indicated by ≥ 8 on NPI

Interventions Participants underwent a placebo washout of all psychotropic drugs based on a minimum of 5 half-
lives of the drug used

Participants were then randomized to receive:

• valproate liquid suspension (initiated at 125 mg orally, twice/day with forced titration to 500 mg orally,
twice/day over the first 2 weeks. Thereafter, dose could be increased to a maximum of 1 500 mg/day
or decreased based on tolerability)

• placebo

Loxapine 2.5 mg maximum 4 doses/week was available as a rescue medication

Duration: 14 weeks (6-week treatment phases of valproate or placebo + 2-week placebo washout and
tapering)

Enrollment: 14 patients randomized

Outcomes Primary:

• NPI-NH agitation subscore

Secondary:

• NPI-NH total and individual scores

• CMAI

Notes Study dates not reported. Study site: 1) Sunnybrook Health Sciences Centre, Toronto, Ontario, Cana-
da; 2) North York General Hospital, Toronto, Canada. Additional data and information was provided by
Herrmann and Lanctôt upon request. Funding provided by the Alzheimer’s Society of Canada (grant
No. 01-07).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Patients were randomized to receive…”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: “Patients were randomized to receive valproate liquid suspension or an
identical placebo…”

Herrmann 2007 
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Comment: Probably done.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “Twelve patients experienced at least one adverse event during val-
proate treatment, compared to 8 patients during placebo treatment. Although
this difference is not statistically significant, the mean number of adverse
events experienced with valproate treatment (4.15 +/- 3.67) was significantly
greater than with placebo (1.23 +/- 1.69) treatment (Z = -2.82, p = 0.005).”

Comment: Withdrawal numbers and adverse events per group are provided in
the Results section and are not balanced between groups

Selective reporting (re-
porting bias)

Low risk Mean change scores ± SD scores are provided in Table 1 for NPI-agitation sub-
category, total NPI, total CMAI and MMSE scores. NPI-apathy mean change
scores ± SD scores were calculated with data provided by authors upon re-
quest

Other bias Low risk No other identified biases

Herrmann 2007  (Continued)

 
 

Methods Randomized, double-blind, placebo-controlled, cross-over trial

Participants • ≥ 55 years old

• diagnosis of “possible” or “probable” AD according to NINCDS-ADRDA criteria

• MMSE score ≥ 10 (mild-to-moderate cognitive impairment)

• NPI Apathy subscale score ≥ 1

• stable dose of ChEI for 3 months and not receiving any other psychotropic medications, including
antidepressants or antipsychotics

Interventions Participants took a dextroamphetamine (D-amph) challenge test (10 mg D-amph orally). Following up
to a 1-week washout phase, participants were randomized to receive either:

- methylphenidate (initiated at 5 mg orally twice/day for 3 days and increased to 10 mg orally twice/day
for 11 days)

- placebo

Duration: 5 weeks (2-week treatment phases with a 1-week placebo washout between phases) + at
least 1 week washout after the D-amph challenge test

Enrollment: 13 participants randomized

Outcomes Primary:

• AES

• CGI

Other:

Herrmann 2008 
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• NPI total and individual apathy score

• MMSE

• measurements of acute subjective response to D-amph: ARCI, POMS, CPT

Notes Study dates: October 2003 - October 2006. Study site: Sunnybrook Health Sciences Centre, Toron-
to, Canada. This research was supported by a grant from the American Health Assistance Founda-
tion-Alzheimer’s Disease Research Program (#A2003-236) and by the Dean’s Fund of the University of
Toronto.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “We conducted a double-blind, randomized, placebo-controlled
crossover trial...”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: “Patients were randomized to receive methylphenidate or an identical
placebo...”

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind…”

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “Eleven of the 13 patients completed the study, with both dropouts oc-
curring during the methylphenidate treatment phase. One dropout completed
all placebo assessments and the baseline methylphenidate assessment, which
was carried forward for the efficacy analysis. The second patient dropped out
after 8 days of methylphenidate treatment but completed a retrieved dropout
assessment. This patient did not participate in the placebo phase. Results are
therefore available for 13 patients treated with methylphenidate and 12 pa-
tients treated with placebo.”

Comment: Though no participant flow diagram was provided in text, with-
drawal information and reasoning described in text

Selective reporting (re-
porting bias)

Low risk Table 1 provides means ± standard deviations for treatment change scores
(end of treatment- baseline) for AES total, NPI apathy, NPI total and MMSE for
participants during the methylphenidate and placebo treatment phases

Other bias Low risk No other identified biases

Herrmann 2008  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled, parallel-group study

Participants • ≥ 55 years old

• institutionalized people in LTC

• diagnosis of “probable” AD according to NINCDS-ADRDA criteria

Herrmann 2016 
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• primary degenerative dementia according to DSM-V criteria

• sMMSE score ≤ 15

• treated with donepezil, galantamine or rivastigmine (oral) for ≥ 2 years, with a stable dose for ≥ 3
months prior to study entry

• people receiving a concomitant psychotropic had to be on a stable dose for ≥ 1 month prior to study
entry

Interventions Participants were randomized to either:

• ChEI continuation (N = 21)

• placebo (N = 19)

Duration: 8 weeks

Enrolment: 40 participants randomized

Outcomes Primary:

• CGI-C

Secondary:

• safety

• number of individual and total AEs

• efficacy and tolerability

• AES

• NPI-NH score

• CMAI

• sMMSE

• SIB

• ADCS-ADL-sev

• QUALID

Notes Study dates: July 2010 - September 2015. Study sites: 1) Sunnybrook Health Sciences Centre, Toronto,
Canada; 2) North York General Hospital, Toronto, Canada. Additional data provided by Herrmann et al.
This study was funded by the Alzheimer's Society of Canada (#:12-74) and the Coleman Fund (internal
funding)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “...patients were randomized with a 1:1 balanced by ChEI to continue
receiving their ChEI (continuation)...or to receive an identical-looking placebo
substitution.”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: “Randomization was completed independently by the pharmacy...in
permuted blocks using a computer-generated code.”

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: 'Patients, family members, nurses, clinicians, outcome assessors, and
investigators were unaware of treatment group assignments or block size'.
Comment: Probably done

Herrmann 2016  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."
Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The reasons for withdrawal were provided in the participant flow diagram (fig-
ure 1). Number of early terminations and time to early termination were bal-
anced between groups

Selective reporting (re-
porting bias)

Low risk Mean and ± SD of the baseline, endpoint and change scores of all primary and
secondary outcome measures were reported in table 3

Other bias Unclear risk This was a discontinuation study completed in people who had been receiving
long-term ChEI treatment

Herrmann 2016  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled, parallel-group study

Participants • diagnosis of “probable” AD according to NINCDS-ADRDA criteria

• sMMSE score between 10 and 26

• modified HIS ≤ 4

Interventions Participants were randomized to either:

• metrifonate (initiated for a 2-week period with a 2.0 mg/kg single daily dose, followed by a single daily
maintenance dose of 0.65 mg/kg; 30 - 60 mg total) (N = 260)

• placebo (N = 133)

Duration: 26 weeks

Enrollment: 408 patients randomized, 393 were included in the analysis as they were a part of the valid
intention-to-treat population.

Outcomes Primary:

• NPI total and individual scores

Notes Study dates not reported. 25 sites in the USA. Specific site locations not disclosed. Corresponding au-
thor’s institution: University of Pittsburgh School of Medicine, Pittsburgh, PA, USA. No funding support
reported in paper.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: 'Subjects were randomized to either placebo...or metrifonate...treat-
ment groups'.
Comment: Probably done

Allocation concealment
(selection bias)

Unclear risk This information has not been made available

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: '...double-blind...'
Comment: Probably done

Kaufer 1998 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: '...double-blind...'
Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk This information has not been made available

Selective reporting (re-
porting bias)

High risk LSM changes in NPI total and NPI-subitem scores were provided in table 1. As
LSM are adjusted for covariates, there is a risk of bias. Additionally, no stan-
dard error or standard deviation was reported in this paper. As a result, the
authors of this meta analysis computed a standard deviation based on other
studies (Raskind 1999) investigating the use of metrifonate in people with AD

Other bias Low risk No other identified biases

Kaufer 1998  (Continued)

 
 

Methods Multicentre, double-blind, randomized, placebo-controlled cross-over study

Participants • ≥ 55 years old

• diagnosis of primary degenerative dementia criteria according to DSM-IV, and “probable” AD (≥ 1
year's duration) according to NINCDS-ADRDA criteria

• significant behavioral problems (NPI ≥ 8)

• MMSE score < 24

• independent clinical decision to receive psychotropic medication for behavioral disorder

Interventions • approximately 1-week placebo run-in, during which all psychotropic and antiparkinsonian medica-
tions were discontinued

• fenfluramine challenge as described in Lanctôt 2002, following placebo run-in

Participants were then randomized to:

• sertraline (50 mg/day for 3 days, followed by 100 mg/day for 25 days)

• placebo (1 orally/day for 3 days, followed by 2 orally/day for 25 days)

• 1 week placebo washout before crossing over to alternate study treatment

Duration: 9-week treatment phase (4 weeks of first treatment phase + 1 week placebo washout, and
cross over to 4 weeks of second treatment phase) + approximately 1-week placebo run-in

Enrollment: 22 participants randomized

Outcomes The following are primary outcomes:

Behavior:

• NPI total and individual scores

• CMAI

• BEHAVE-AD

• CSDD

Function:

• FAST

Cognition:

Lanctôt 2002 
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• MMSE

Notes Study dates not provided. Study sites: 1) Sunnybrook Health Sciences Centre, Toronto, Canada; 2) Bay-
crest Centre for Geriatric Care, Toronto, Canada; 3) North York General Hospital, Toronto, Canada. Ad-
ditional data requested, and provided by Dr. Krista Lanctôt.This study was funded by Physicians' Ser-
vices Incorporated Foundation (96-06), Alzheimer Society of Canada Research Program, and Kunin
Lunenfeld Applied Research Unite of Baycrest Centre for Geriatric Care

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...administered in a randomized, double-blind trial."
Comment: Probably done

Allocation concealment
(selection bias)

Unclear risk This information has not been made available

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double blind..."
Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double blind..."
Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: "Of those 26, three patients dropped out before randomization and one
dropped out because the caregiver withdrew consent. Of the remaining 22 pa-
tients, one was withdrawn due to severe antipsychotic withdrawal dyskine-
sia and a fall shortly after randomization (not included in efficacy analyses).
Therefore, there were 21 patients who completed the entire study."

Comment: Although no participant flow diagram was included, attrition was
described in detail in the paper

Selective reporting (re-
porting bias)

Low risk Lanctôt 2002 reported on treatment responders in this paper. Dr. Lanctôt pro-
vided relevant data for this meta-analysis. We were able to extract the mean ±
standard deviations, and frequencies for all relevant outcome measures

Other bias Low risk No other identified biases

Lanctôt 2002  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled, parallel-group study

Participants • diagnosis of “probable” AD according to the NINCDS-ADRDA criteria

• sMMSE score between 10 and 26

• modified Ischemia Scale scores < 4

• body weight ≥ 45 and ≤ 94 kg (98 to 207 pounds)

• caregiver with whom participant is in contact at least 4 times a week

Interventions Participants were randomized to either:

• metrifonate (loading dose, based on weight, of 100 to 180 mg (2.0 mg/kg) for 2 weeks followed by
maintenance dose, based on weight, of 30 to 60 mg (0.65 mg/kg) for 24 weeks) (N = 273)

Morris 1998 
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• placebo (N = 135)

Duration: 26-week double-blind period (+ 2-week screening period at beginning of the study + fol-
low-up visit at 8 weeks post-treatment; 36 weeks total)

Enrolment: 408 participants randomized

Outcomes Primary:

• ADAS-Cog

• CIBIC-plus

Secondary:

• NPI total and individual scores

• DAD

• GDS

• ADAS-Noncog

• MMSE

• CIBIS-plus

Notes Study dates not reported. 24 sites in the USA included. Specific site locations not disclosed. Corre-
sponding author’s institution: Washington University, St. Louis, MO, USA. The data in this report were
collected from protocol D95-018, sponsored by Bayer Corporation. For the purposes of this meta-analy-
sis, the authors have collected information from the double-blind phase only.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "At the time of enrolment, the 408 patients in this study were random-
ized to the placebo (N=135) or the metrifonate (N=237) group..."
Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: "…according to a randomization code with blocks of six generated by
computer at Bayer Corporation…"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: “...double-blind...” “Only the statistician…had access to the randomiza-
tion code…”
Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: “...double-blind...” “…investigators were masked as to random code as-
signment…”
Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The reasons for withdrawal were provided in the participant flow diagram (fig-
ure 1)

Selective reporting (re-
porting bias)

High risk LSM changes in NPI total and NPI-subitem scores were extracted from figure 4.
As LSM are adjusted for covariates, there is a risk of bias. Additionally, no stan-
dard error or standard deviation was reported in this paper. As a result, the
authors of this meta-analysis computed a standard deviation based on other
studies (Raskind 1999) investigating the use of metrifonate in people with AD

Other bias Low risk No other identified biases

Morris 1998  (Continued)
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Methods Multi-center, randomized, double-blind, placebo controlled, parallel-group study

Participants • diagnosis of "clinically probably" or "clinically possible" AD according to NINCDS-ADRDA criteria

• sMMSE score between 5 and 17

• FAST score ≤ 6 at baseline

• CT or MRI scan within the past 24 months consistent with AD pathology

Interventions Participants were randomized to either:

• donepezil (5 mg/day for the first 28 days and 10 mg/day thereafter per the clinician's judgement) (N
= 144)

• placebo (N = 146)

Duration: 24 weeks

Enrolment: 290 participants randomized

Outcomes Outcomes were obtained from Gauthier 2002:
Primary:

• NPI total and individual scores

Notes We have selected Gauthier 2002 as the primary paper, but this group (MSAD investigators) have also re-
ported on the study in two other published papers (Feldman 2001; Feldman 2005). Study dates not re-
ported. 32 sites including 22 in Canada, 6 in Australia, and 4 in France. Specific site locations not dis-
closed. Corresponding author’s: McGill Centre for Studies in Aging, Montreal, Canada. The results of
this study are supported by Pfizer, Inc. (New York, NY) and Eisai, Inc. (Teaneck, NJ).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...patients...were randomized to receive...".

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote from Feldman et al "At baseline, eligible patients were randomized in a
50/50 split using a computerized randomization schedule..."

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."

Quote from Feldman et al "Blinding was established with identical film-coated
tablets within a blister packaged card."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Study withdrawals and reason for withdrawals have been reported in Figure 1
in Feldman 2001, and appear to be balanced between groups

Selective reporting (re-
porting bias)

High risk "The outcome measure of interest was 12-item Neuropsychiatric Inventory
(NPI)." The authors reported on baseline least-square means (LSM) ± standard

MSAD trial 
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errors on each of the 12-item NPI scores. As LSM are adjusted for covariates,
there is a risk of bias. They also included LSM change scores in figure 1. Howev-
er, they did not include standard errors of these mean change scores. As such,
we approximate standard deviation of change scores by calculating the stan-
dard deviation from the standard error of baseline scores

Other bias Low risk No other identified biases

MSAD trial  (Continued)

 
 

Methods Randomized, double-blind, placebo-controlled trial

Participants • Diagnosis of dementia of the Alzheimer type (DSM-IV TR criteria)

• MMSE score between 18 and 29

• AES score > 40

• Ability to provide informed consent by patient or caregiver

• Stable dose of antidepressants for 2 months prior to study enrollment

• Stable dose of ChEI and memantine for 4 months prior to study enrollment

Interventions Participants were randomized to receive either:

• methylphenidate (5 mg twice/day, titrated to 10 mg twice/day at 2 weeks)

• placebo

• psychosocial intervention provided for each group

Duration: 12-week treatment period (+ 2 week discontinuation phase)

Enrollment: 60 participants randomized initially

Outcomes Primary:

• AES

Secondary:

• MMSE

• CGI

• ADL

• IADL

• ZBD

Notes Study dates: August 2007 - June 2010. Study site: VA Medical Center, Omaha, NE, USA. This study was
funded by a VA Merit Review Entry Program grant to Dr. Prasad Padala

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “…randomized double-blind, placebo-controlled trial...”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: "...randomized to methylphenidate (N=30) or placebo (N=30) groups
using a random block design developed by a statistician using sealed en-
velopes."
Comment: Probably done

Padala 2017 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: “…double-blind…”

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “One subject dropped oK from the placebo group.”

Comment: Although no participant flow diagram was provided in text, with-
drawal information and reasoning described in text

Selective reporting (re-
porting bias)

Low risk The authors reported mean ± standard deviations for apathy scores in each in-
tervention arm

Other bias Low risk No other identified biases

Padala 2017  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo controlled, parallel-group study

Participants • diagnosis of “probable” AD according to NINCDS-ADRDA criteria

• MMSE score between 10 and 26

• modified HIS < 4

• weighed between 43 and 98 kg (95-215 lbs)

• present caregiver with whom patient was in contact with at least 4 times a week

Interventions Participants were randomized to either:

• metrifonate (50 mg/daily) (N = 177)

• placebo (N = 87)

Duration: 26 weeks (+ 8-week post-treatment follow-up visit)

Enrollment: 264 patients randomized

Outcomes Primary:

• ADAS-Cog

• MMSE

• NPI total and individual scores

• ADAS-Noncog

• DAD

• CIBIC-Plus

• CIBIS-Plus and GDS

Secondary:

• safety

Notes Study dates not reported. Multicenter study in the USA. Specific number and site locations not dis-
closed. Corresponding author’s institution: Northwest Mental Illness Research, Education and Clinical
Center, Washington, DC, USA.The data in this report were collected from protocol D96-010, sponsored

Raskind 1999 
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by Bayer Corporation. For the purposes of this meta-analysis, we have collected information from the
double-blind phase only.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: '...The 264 patients enrolled in this study were randomly assigned to the
placebo...or the metrifonate group...'Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: '...patients...were randomly assigned...according to a computer-gener-
ated randomization code..."
Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: '...double-blind...'.
Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: 'The investigators were blinded as to random code assignment'
Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The reasons for withdrawal were provided in text (page 322)

Selective reporting (re-
porting bias)

High risk LSM changes in NPI total and NPI-subitem scores were provided in figure 2. As
LSM are adjusted for covariates, there is a risk of bias. SD was computed from
provided SE of change scores

Other bias Low risk No other identified biases

Raskind 1999  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled trial

Participants • diagnosis of “possible” or “probable” AD according to NINCDS-ADRDA criteria

• clinical stability as judged by the local investigator

• MMSE score ≥ 10

• clinically significant apathy for at least 4 weeks (NPI apathy frequency of “often” or greater and an
apathy severity of “moderate” or “marked”)

• stable dose for the prior 3 months if treated with SSRIs or SNRI

Interventions Participants were randomized to receive either:

• Methylphenidate: 1x twice/day orally (10 mg/day) for first 3 days, tapered up to 2 x orally twice/day
(20 mg/day) (N = 29)

• Placebo (N = 31)

• Psychosocial intervention provided for each group

Duration: 6 weeks

Enrollment: 60 participants randomized

Outcomes Primary:

Rosenberg 2013 

Pharmacological interventions for apathy in Alzheimer's disease (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

53



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• AES

• ADCS-CGI-C

Secondary:

• NPI apathy score

• MMSE

• safety: AEs, electrolyte panels and electrocardiogram results

Notes Study dates: June 2010 - August 2012. Study sites: 1) Johns Hopkins University Baltimore, MD, USA; 2)
Medical University of South Carolina, Charleston, SC, USA; 3) Sunnybrook Health Sciences Centre,

Toronto, Ontario, Canada. Funding was provided by the National Institute on Aging (R01 AG033032-01
and 1 K08 AG029157-01A1).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “…randomized, double-blind, placebo-controlled multicenter trial...”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: “The randomization scheme, stratified by clinical center with permut-
ed length blocks, assigned participants to methylphenidate or placebo in a 1:1
ration. The coordinating center generated the treatment assignment schedule
using a documented, auditable SAS program.”

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: “Study drug was supplied as identical-appearing capsules containing
either 5 mg methylphenidate or lactose (placebo).”

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: "The time to early termination did not differ significantly by group".
Comment. Probably done. Additionally, participant flow, CONSORT diagram is
provided in figure 1

Selective reporting (re-
porting bias)

Low risk Table 2 provides means ± standard errors for measures for the scores, change,
and treatment effects of apathy (AES, ADCS-CGI-C and NPI) at 6 weeks of
methylphenidate and placebo groups

Other bias Low risk No other identified biases

Rosenberg 2013  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled trial

Participants • ≥ 65 years old

• long-term (≥ 3 months) nursing home residents

• diagnosis of dementia according to the ICD-10 criteria

Ruths 2008 
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• long-term (≥ 3 months) stable dose of either risperidone, olanzapine, or haloperidol for BPSD

Interventions Participants were randomly assigned to either:

• placebo (antipsychotic drug discontinuation) (intervention group (IG)) (N = 27) or

• continued antipsychotic drug treatment at current dose (no discontinuation) (reference group, RG)
(N = 28)

Duration: 4-week intervention

Enrollment: 55 participants randomized

Outcomes Primary:

• successful antipsychotic discontinuation, i.e. IG patients still oK antipsychotic at study completion

Secondary:

• NPI-NH total scores, individual scores, and factor scores, as well as proportion improved/worsened
behavior

Notes Study dates not reported. 13 sites in Bergen and Oslo, Norway. Specific site locations not disclosed.
Corresponding author’s institution: University of Kalfarveien, Bergen, Norway. Funding: No funding in-
formation provided.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Participants were consecutively assigned to antipsychotic drug dis-
continuation (intervention group, IG) or no discontinuation (reference group,
RG) by means of computer generated, random, permuted blocks of four.”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: “All study medications were provided by an independent pharmacy…
to maintain blindness.”,“…patients received identically looking capsules…”

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The study was a multicenter double-blind, controlled four week inter-
vention."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "…double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “Seven patients completed the study prematurely (IG, n = 4; RG, n = 3;

X2 = 0.20, p = 0.70), due to un-blinding for randomization code (IG, n = 1; RG, n =
2), behavioural deterioration (IG, n = 2), restless legs (IG, n = 1) or delirium (RG,
n = 1).”

Comment: Study withdrawals and reason for withdrawals are described and
appear to be balanced between groups

Selective reporting (re-
porting bias)

Low risk The authors reported the number of IG participants still on antipsychotics at
study completion. Mean NPI total score difference were provided from base-
line to Week 4. Changes in behavioral symptoms between groups are present-
ed in Table 2. Means ± standard deviations of differences in change in BPSD

Ruths 2008  (Continued)
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between groups are presented in Table 3 for NPI total and factor scores. Ad-
ditional information regarding NPI-subscores were requested by the authors,
and were provided by Dr. Sabine Ruths

Other bias Unclear risk This is a discontinuation study

Ruths 2008  (Continued)

 
 

Methods Multinational, randomized, double-blind, placebo-controlled trial

Participants Participant information obtained from Doody 2013:

• ≥ 55 years

• diagnosis of mild-to-moderate AD according to NINCDS-ADRDA criteria

• MMSE score between 6 – 26 inclusive

• lack of significant clinical depression (GDS score ≤ 6)

• have a family member, caregiver, or other knowledgeable informant to provide information about
symptoms

• stable dose of ChEI and memantine allowed

Interventions Participants were randomized to receive:

• semagacestat (100 mg/day) (N = 507)

• semagacestat (140 mg/day) (N = 529)

• placebo (N = 501)

Duration: 76-week treatment phase

Enrolment: 1537 patients randomized

Outcomes Outcomes were obtained from Rosenberg 2016:
Primary:

• NPI total and individual scores

Other:

• ADAS-Cog

• MMSE

Notes Study dates: March 2008 - May 2011. Multicenter study in the USA. Specific number and site locations
not disclosed. Although we have chosen Rosenberg 2016 as the primary paper, additional information
regarding participant population was obtained from Doody 2013. Funding provided by Eli Lilly and the
University of California at San Diego (the latter as a fiduciary for the Alzheimer’s Disease Cooperative
Study), a clinical trials consortium established by the National Institute on Aging.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “participants were randomly assigned to receive…”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk This information has not been made available

Semgacestat trial 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “Adverse events were more common in the two semagacestat groups
than in the placebo group…The percentage of patients who discontinued the
study drug because of adverse events was higher with semagacestat than with
placebo (26% with 100 mg and 30% with 140 mg vs. 11% with placebo, P>0.001
for both comparisons).” This quote is from Doody 2013

Comment: Withdrawal percentages by group are provided in Doody 2013 and
are not balanced between groups. AEs are presented in Table 3

Selective reporting (re-
porting bias)

Low risk Change in apathy subscores are presented by treatment group in Figure C on
p. 377 of Rosenberg 2016, but means ± SD scores needed to be computed by
the authors of this meta-analysis

Other bias Low risk No other identified biases

Semgacestat trial  (Continued)

 
 

Methods Randomized, double-blind, placebo-controlled cross-over trial

Participants • patients were admitted to the psychogeriatric short-stay ward in a psychiatric teaching hospital

• diagnosis of senile dementia according to DSM-IV and NINCDS-ADRDA criteria

• clinically significant aggressive behavior according to Patel’s criteria (an overt act, involving the de-
livery of noxious stimuli to - but not necessarily aimed at - another object, organism or self, which is
clearly not accidental)

• score of ≥ 3 on at least 1 of the items of the SDAS-9

Interventions Participants were randomized to receive:

• sodium valproate (2 x 6 ml of a 40 mg/ml suspension; 240 mg twice/day)

• placebo

Duration: 8 weeks (1-week baseline + 3-week placebo period + 1-week washout + 3-week treatment
phase with sodium valproate). Extension of the baseline period was allowed once for 1 week in partici-
pants who did not show a score ≥ 3 on one of the items of the SDAS-9

Enrollment: 42 participants randomized

Outcomes Primary:

• SDAS-9

• CGI

Secondary:

• GIP-scales (apathy)

• Nurse observation

Other:

Sival 2002 
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• MMSE

• adverse events (especially symptoms of drowsiness, nausea, vomiting, diarrhea, confusion, distur-
bance in speech, disturbance of coordination, occurrence or enhancement of tremor, itching and loss
of hair)

Notes Study dates not reported. Study site: Parnassia Psycho Medical Center, The Hague, The Netherlands.
Funding provided by a grant from the Van Helten Foundation, Royal Netherlands Academy of Arts and
Sciences, Amsterdam, The Netherlands (grant number SHV94/AANV/5), a grant from the National Fund
for Mental Health, Utrecht, The Netherlands (grant number 4145), and a grant from the Stichting tot
Steun VCVGZ, Bennekom, The Netherlands (grant number ST07064BB. VE)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “The sequence of the treatment periods was assigned at random. The
code was not accessible for the investigators.”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: “During the ‘treatment period with placebo’ and during the wash-out
period a placebo suspension was given, identical to the active medication in
appearance, quantity, smell and taste.”

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “…there were three drop-outs. One patient had high fever of unknown
origin during treatment with placebo, one patient was hit by a stroke during
treatment with placebo, and one patient broke his hip during the wash-out pe-
riod. None of the dropouts could be associated with the intake of sodium val-
proate.”

Comment: Withdrawal numbers and reasons for withdrawal are provided in
the Results section

Selective reporting (re-
porting bias)

Low risk Mean change scores ± SD scores are presented in Table 2, demonstrating the
effects of sodium valproate compared to placebo on aggressive behavior and
other types of disturbed behavior (including the GIP apathetic behavior sub-
score)

Other bias Low risk No other identified biases

Sival 2002  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled trial

Participants • diagnosis of AD according to DSM-IV criteria or “probable” AD according to NINCDS-ADRDA criteria

• MMSE score between 5 and 26

Sultzer 2008 
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• delusions, hallucinations, agitation or aggression had occurred nearly every day over the previous
week or intermittently over 4 weeks

• symptoms must be rated at least “moderate” in severity on the BPRS conceptual disorganization, sus-
piciousness, or hallucinatory behavior item, or had occurred at least weekly with "moderate” severity
or greater on the delusion, hallucination, agitation or aberrant motor behavior subscale item on the
NPI

• if taking a ChEI, must be on a stable dose

Interventions Participants were randomized initially (2:2:2:3 ratio) to either:

• olanzapine (2.5 mg or 5 mg) (N = 100)

• quetiapine (25 mg or 50 mg) (N = 94)

• risperidone (0.5 mg or 1 mg) (N = 85)

• placebo (N = 142)

Treating physician selected the number of low- or high-dose capsules for initial treatment and could
adjust the dosage, as indicated clinically, over 36 weeks of trial. At any time after the first 2 weeks of
treatment, the clinician could discontinue the initially-assigned (Phase 1) medication based on their
clinical judgment. Phase 1 would end and the participant could enter Phase 2 and be assigned random-
ly to masked treatment with an atypical antipsychotic medication not assigned to them in Phase 1 or
with citalopram. Participants could also go directly to an open-choice treatment

Duration: Phase 1: 12 weeks; Phase 2: 24 weeks (36 weeks total)

Enrolment: 421 participants randomized

Outcomes Psychiatric and behavioral symptoms:

• NPI total scores

• BPRS total and individual scores

• CSDD

• CGIC

Cognitive skills, functional abilities, care needs and quality of life:

• ADAS-Cog

• MMSE

• ADCS-ADL

• DS

• CAS

• ADRQL

Notes For the purposes of this meta-analysis, data from Phase 1 of the study were used. Phase 2 was not in-
cluded as there was no placebo control. Study dates: March 2001 - October 2004. 42 sites included. Site
locations not disclosed. Principal Investigator institutions: University of Southern Carolina, Columbia,
SC, USA; University of Rochester, Rochester, NY, USA. Funding was provided by the National Institute of
Mental Health (N01 MH9001) and in part by the Department of Veterans Affairs. Astra-Zeneca Pharma-
ceuticals, Forest Pharmaceuticals, Janssen Pharmaceutical and Eli Lilly provided medications for the
study

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “This protocol is fundamentally a randomized-treatment assign-
ment…”

Comment: Probably done. This quote is from Schneider 2003, where the CATIE-
AD research design and methods were originally described

Sultzer 2008  (Continued)
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Allocation concealment
(selection bias)

Low risk Quote: “Medication has been prepared into identically appearing ‘low
strength’ capsules containing risperidone 0.5 mg, olanzapine 2.5 mg, quetiap-
ine 25mg, citalopram 10 mg or placebo, or ‘higher strength’ capsules contain-
ing 1 mg,5 mg, 50 mg, 20 mg or placebo, respectively, in order to preserve the
blind.”

Comment: Probably done. This quote is from Schneider 2003

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double blind..."

Comment: Probably done. This quote is from Schneider 2003

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done. This quote is from Schneider 2003

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote:“There were no significant overall differences among treatment groups
with regard to the time to discontinuation of treatment for any reason”

“There were no significant differences among the groups with regards to the
proportion of patients who had at least one serious adverse event and the pro-
portion who had any adverse event”

Comment: Time to treatment discontinuation and adverse events are report-
ed in Tables 2 and 3 and appear to be balanced between groups. These quotes
are from Schneider 2006, where the CATIE-AD time to treatment discontinua-
tion and adverse events data are originally described

Selective reporting (re-
porting bias)

Low risk Quote: “Two sets of clinical outcomes were measured: 1) psychiatric and be-
havioural symptoms… 2) cognition, functional skills, care needs and quality of
life”

Comment: Baselines scores on clinical measures provided, along with mean
change ± standard deviation scores for clinical symptoms from baseline to last
observation in Phase 1. Mean change ± standard deviations on clinical symp-
tom measures between baseline and treatment week 12 are provided for cog-
nitive measures.

Other bias Low risk No other identified biases

Sultzer 2008  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled, parallel-group study

Participants • diagnosis of "probably" or "possible" AD according to NINCDS-ADRDA criteria

• sMMSE score between 5 and 26

• Score of 3 or 4 on at least 1 symptom on the NPI-NH

Interventions Participants were randomized to either:

• donepezil (5 mg/day for the first 28 days and 10 mg/day thereafter per the clinician's judgement) (N
= 103)

• placebo (N = 105)

Duration: 24 weeks

Tariot 2001 
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Enrolment: 208 participants randomized

Outcomes Primary:

• NPI total and individual scores

Secondary:

• MMSE

• CDR-Sum of the Boxes

• Physical Self-Maintenance Scale

Notes Study dates not reported. 27 sites across the USA. Specific site locations not disclosed. Corresponding
author’s institution: Departments of Psychiatry, Medicine and Neurology, University of Rochester Med-
ical Center, Monroe Community Hospital, Rochester, NY, USA. The results of this study are supported by
Pfizer, Inc. (New York, NY) and Eisai, Inc. (Teaneck, NJ).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...patients...were randomized..."

Comment: Probably done

Allocation concealment
(selection bias)

Low risk Quote: "...randomized in blocks of four, using a computerized randomization
schedule..."

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Blinding was achieved using identical appearing film-coated tablets of
donepezil and placebo..."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Study withdrawals and reason for withdrawals have been reported in the first
paragraph of the Results section of Tariot 2001

Selective reporting (re-
porting bias)

High risk LSM changes in NPI-subitem scores were provided in figure 1. As LSM are ad-
justed for covariates, there is a risk of bias. SD was computed from provided SE
of change scores

Other bias Low risk No other identified biases

Tariot 2001  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled, flexible-dose trial

Participants • > 54 years old

• community residents

• diagnosis of “possible” or “probable” AD according to NINCDS-ADRDA criteria

• weight > 39 kg

Tariot 2011 
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• MMSE score between 12 - 20

• NPI delusions, hallucinations and agitation/aggression < 1

Interventions Participants were assigned to either:

• valproate (1 tablet daily for 1 week, with a weekly titration continued until target dose of 10 - 12 mg/
kg of body weight per day) (N = 153)

• placebo (N = 160)

Dose reduction was permitted if clinically warranted, and the target dose could be resumed if appropri-
ate. Adherence of 80% was required

Duration: 24-month double-blind treatment phase + 2-month single-blind placebo treatment period

Enrolment: 313 participants randomized

Outcomes Primary:

• NPI score ≥ 3 on 1 or more items assessing delusions, hallucinations, and agitation/aggression per-
sisting for 2 weeks

• study physician’s judgment that the new agitation and/or psychosis was clinically significant on the
basis of an evaluation to rule out situational disturbances or delirium; or completion of the study.

Secondary:

• ADAS-cog

• CMAI

• ADCS-ADL

• CDR-SOB

• ADCS-CGIC

Other:

• NPI total and individual score

• QOL-AD

• MMSE

Safety and tolerability:

• vital signs (weight, systolic and diastolic blood pressure, and temperature)

• adherence

• day/night time drowsiness

Volumetric Magnetic Resonance Image:

• A subset of participants had MRI scans to assess effects of valproate vs placebo on whole-brain vol-
ume, ventricular volume, and hippocampal volume

Notes Study dates: October 2003 - December 2009. 46 sites included. Site locations not disclosed. Study Direc-
tor site: University of Rochester Medical Center, Rochester, NY, USA. Data for this study were obtained
from the University of California, San Diego Alzheimer's Disease Cooperative Study Legacy Database.
Funding provided by National Institute on Aging (U01AG010483). Additional support provided by a re-
search grant and material support from Abbott Laboratories (NCT00071721).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Patients were assigned to 1 of 2 treatment groups in permuted blocks
of 4, according to a randomization list created and maintained by the ADCS
Data Core.”

Tariot 2011  (Continued)
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Comment: Probably done

Allocation concealment
(selection bias)

Low risk “The trial used a 125-mg enteric-coated extended-release divalproex sodium
formulation or identical-appearing placebo…”

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “In the valproate group, 61.40% discontinued treatment prematurely,
and in the placebo group, 60.6% did so; reasons are shown in Figure 1.”

Comment: Study withdrawals and reason for withdrawals have been reported
in Figure 1 and all AEs experienced in each group are outlined in Table 3

Selective reporting (re-
porting bias)

Low risk The authors reported means ± SD scores of each outcome over time for each
study visit in Table 3. Additional data were provided upon request

Other bias Low risk No other identified biases

Tariot 2011  (Continued)

 
 

Methods Multicenter, randomized, double-blind, placebo-controlled trial.

Participants • ≥ 60 years old community dwellings

• reliable caregiver with frequent contact with participant

• men or non-fertile women

• diagnosis of “probable” AD according to NINCDS-ADRDA criteria and DSM-IV-TR criteria

• clinically significant, persistent agitation/aggression that was disruptive to daily living or put them-
selves or others in harm's way for at least 3 days a week for at least 5 weeks prior to study entry

• MMSE score between 6 to 26

• NPI-10 total score ≥ 10 at screening and randomization visits

• NPI-4-A/A subscore ≥ 4 at screening and randomization visits

• CT or MRI brain scan within 2 years that is consistent with AD

• modified HIS scores ≤ 4

• patients could not meet DSM-IV-TR criteria for delirium and/or have Delirium-Rating-Scale-Revised-98
score of ≥ 18

• discontinuation from concomitant psychotropic medications and medically stable

• stable doses of 4 antidepressant medications (sertraline, citalopram, escitalopram, fluoxetine) and
AChEIs and memantine

Interventions Participants were randomly assigned to either:

• mibampator (3 mg/day) (N = 63)

• placebo (N = 69)

After 1-week of treatment twice a day with either 3 mg mibampator or placebo, a one-time dose reduc-
tion to 1 mg twice daily due to intolerability was permitted, which remained their dose for the remain-
der of the study

Trzepacz 2013 
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Duration: 12-week double-blind treatment phase (+ 3 - 28 day screening period and 1-week single-blind
washout)

Enrolment: 132 participants randomized

Outcomes Primary:

• NPI-4 A/A

Secondary:

• CMAI

• CSDD

• FrSBe total and individual scores

• CGI-S-AA

• CGI-S-GF

• ADAS-Cog14

• ADCS-ADL

• safety: TEAEs, laboratory test changes, vital signs changes, electrocardiograms

Notes Study dates: February 2009 - June 2011. Multicentre study in USA. Specific number and site location de-
tails are not disclosed. Research supported by Eli Lilly and Company

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “The interactive voice response system (IVRS) was used to assign blis-
terpacks containing double-blind study drug to each patient.”

Comment: Probably done

Allocation concealment
(selection bias)

Low risk “The interactive voice response system (IVRS) was used to assign blisterpacks
containing double-blind study drug to each patient.”

Comment: Probably done

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "…double-blind..."

Comment: Probably done

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "…double-blind..."

Comment: Probably done

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Quote: “There were no significant differences between groups for SAEs, dis-
continuation due to AEs, TEAEs or TEAEs possibly related to study drug as
deemed by the investigator...”

Comment: Authors describe all SAEs and reasons for discontinuation reasons
due to AE for each treatment group in the ‘Safety Evaluation’ section p. 8

Selective reporting (re-
porting bias)

High risk The authors used MMRM analysis to assess the primary outcome, NPI-4-A/A
least square mean change from baseline after treatment, (Figure 2), as well as
secondary efficacy measures including FrSBe total and subscale least square
means change from baseline after treatment (Figure 3.

Other bias Low risk No other identified biases

Trzepacz 2013  (Continued)
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AChEI: anti-cholinesterase inhibitor; AD: Alzheimer’s disease; ADAS-Cog: Alzheimer’s Disease Assessment Scale-Cognitive subscale; ADAS-
Cog11: Alzheimer’s Disease Assessment Scale- 11-item cognitive subscale; ADAS-Cog14: Alzheimer’s Disease Assessment Scale- 14-item
cognitive; ADAS-Noncog: Alzheimer’s Disease Assessment Scale-Noncognitive subscale; ADCS: Alzheimer’s Disease Cooperative Study;
ADCS-ADL: Alzheimer’s Disease Cooperative Study – Activities of Daily Living; ADCS-ADL-sev: Alzheimer’s Disease Cooperative Study-
Activities of Daily Living severity scale; ADCS-CGI-C: Alzheimer’s Disease Cooperative Study – Clinical Global Impression of Change; ADLQ:
Activities of Daily Living Questionnaire; ADRQL: Alzheimer’s Disease Related Quality of Life; AE: adverse events; AES: Apathy Evaluation
Scale; AIMS: Abnormal Involuntary Movement Scale; ARCI: Addiction Research Centre Inventory; BEHAVE-AD: Behavioural Pathology in
Alzheimer’s Disease Rating Scale; BID: twice daily; BPRS: Brief Psychiatric Rating Scale; BPSD: behavioral and psychological symptoms
of dementia; CAS: Caregiver Activity Scale; CATIE-AD: Clinical Antipsychotic Trials of Intervention EKectiveness-Alzheimer’s Disease trial;
CDR-SOB: Clinical Dementia Rating sum of boxes; CGI: Clinical Global Impression scale; CGI-C: Clinical Global Impression-Change scale;
CGI-S: Clinical Global Impression-Severity scale; CGI-S-AA: Clinical Global Impression-Severity of Symptoms of Agitation/Aggression; CGI-
S-GF: Clinical Global Impression-Severity of Symptoms of Global Functioning; ChEI: Cholinesterase inhibitors; CIBIC-plus: Clinician’s
Interview-Based Impression of Change plus Caregiver Input; CMAI: Cohen-Mansfield Agitation Inventory; CPT: Conners’ Continuous
Performance Task; CSDD: Cornell Scale for Depression in Dementia; CT: Computerized Tomography; DAD: Disability Assessment in
Dementia; DAFS: Direct Assessment of Functional Status; D-amph: dextroamphetamine challenge; DS: Dependence Scale; DSM-IV:
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision; FAST: Functional Assessment Staging of Alzheimer’s Disease; FrSBe: Frontal Systems Behaviour Scale;
GDS: Global Deterioration Scale; HIS: Hachinski Ischemic Score; IADL: Instrumental Activities of Daily Living; ICD-10: International
Classification of Diseases- Tenth Revision; IG: intervention group; IR: immediate release; IVRS: interactive voice response system; kg:
kilogram; lbs: pounds; L.L.F.: study neuropsychologist; LSM: least-square means; LTC: long-term care; mg: milligram; MMRM: mixed-
eKects model repeated measures analysis; MMSE: Mini-Mental State Exam; MRI: Magnetic Resonance Imaging; MSAD: moderate-to-
severe AD; N: number; NINCDS-ADRDA: National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association; NJ: New Jersey; NPI: Neuropsychiatric Inventory; NPI-4 A/A: Neuropsychiatric Inventory-4
domain subscale, which combines the following domains: agitation/aggression, aberrant motor behavior, irritability/emotional lability
and disinhibition; NPI-10: Neuropsychiatric Inventory-10 domains; NPI-NH: Neuropsychiatric Inventory-Nursing Home Version; NRS:
Neurobehavioural Rating Scale; NY: New York; PO: by mouth, in Latin per os; POMA: Performance-Oriented Mobility Assessment-II; POMS:
Profile of Mood States; QOL-AD: Quality of Life-AD; QUALID: Quality of Life in Late-Stage Dementia; RG: reference group; SAEs: serious
adverse events; *SAS: Simpson-Angus Scale; SAS: SAS version 9.2 (SAS Institute Inc, Cary, North Carolina); SDAS: Social Dysfunction and
Aggression Scale; SD: standard deviation; SE: standard error; SIB: Severe Impairment Battery; sMMSE: Standardized Mini-Mental State
Exam; SNRI: serotonin and norepinephrine reuptake inhibitor; S.S.: study neurologist; SSRI: selective serotonin reuptake inhibitor; TEAEs:
treatment emergent adverse events; ZBI: Zarit Burden Interview
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ballard 2004 Apathy not reported

Ballard 2005 Apathy not investigated nor reported

Ballard 2008 Apathy not investigated nor reported

Banerjee 2011 Apathy not reported

Breder 2004 Apathy not investigated nor reported

Bridges-Parlet 1997 Apathy not investigated nor reported

Brodaty 2003 Apathy not investigated nor reported

Burns 1999 Apathy not investigated nor reported

Cohen-Mansfield 1999 Apathy not reported

De Deyn 1999 Apathy not investigated nor reported

De Deyn 2005 Apathy not reported
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Study Reason for exclusion

De Vasconcelos 2007 Apathy not investigated nor reported

Deberdt 2005 Apathy not reported

Devanand 2011 Apathy not reported

Devanand 2012 Apathy not reported

Findlay 1989 Apathy not reported

Holmes 2004 Apathy not reported

Howard 2012 Apathy not reported

Johannsen 2006 Apathy not reported

Katz 1999 Apathy not investigated nor reported

Lyketsos 2003 Apathy not reported

Magai 2000 Apathy not investigated nor reported

Mintzer 2006 Apathy not investigated nor reported

Nyth 1992 Apathy not investigated nor reported

Petracca 1996 Apathy not investigated nor reported

Petracca 2001 Apathy not investigated nor reported

Raskind 2000 Apathy not investigated nor reported

Reifler 1989 Apathy not investigated nor reported

Rosenberg 2010 Apathy not reported

Rosler 1999 Apathy not investigated nor reported

Roth 1996 Apathy not investigated nor reported

Satterlee 1995 Apathy not investigated nor reported

Schneider 2006 Apathy not reported

Seltzer 2004 Apathy not reported

Street 2000 Apathy not reported

Streim 2004 Apathy not reported

Tariot 2004a Apathy not investigated nor reported

Tariot 2004b Apathy not investigated or reported

Van Reekum 2002 Apathy not reported
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Study Reason for exclusion

Wilcock 2000 Apathy not investigated nor reported

Winblad 2001 Apathy not reported

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Methylphenidate

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as
measured by the AES

3 145 Mean Difference (IV, Random,
95% CI)

-4.99 [-9.55, -0.43]

1.1 < 12 weeks 2 85 Mean Difference (IV, Random,
95% CI)

-2.62 [-4.80, -0.44]

1.2 ≥ 12 weeks 1 60 Mean Difference (IV, Random,
95% CI)

-9.90 [-13.50,
-6.30]

2 Change in apathy from baseline
as measured by the NPI-apathy sub-
score

2 85 Mean Difference (IV, Random,
95% CI)

-0.08 [-3.85, 3.69]

3 Adverse Events 3 145 Risk Ratio (M-H, Random,
95% CI)

1.28 [0.67, 2.42]

3.1 < 12 weeks 2 85 Risk Ratio (M-H, Random,
95% CI)

1.28 [0.44, 3.72]

3.2 ≥ 12 weeks 1 60 Risk Ratio (M-H, Random,
95% CI)

1.44 [0.73, 2.86]

4 Change in NPS from baseline as
measured by the NPI

1 25 Mean Difference (IV, Fixed,
95% CI)

0.16 [-7.89, 8.21]

5 Change in cognition from baseline
as measured by the MMSE

3 145 Mean Difference (IV, Fixed,
95% CI)

1.98 [1.06, 2.91]

5.1 < 12 weeks study duration 2 85 Mean Difference (IV, Fixed,
95% CI)

1.00 [-0.49, 2.49]

5.2 ≥ 12 weeks study duration 1 60 Mean Difference (IV, Fixed,
95% CI)

2.6 [1.43, 3.77]

6 Change in functional permance
from baseline as measured by the
ADL

1 60 Mean Difference (IV, Fixed,
95% CI)

0.5 [-0.39, 1.39]

7 Change in functional performance
from baseline as measured by the
IADL

1 60 Mean Difference (IV, Fixed,
95% CI)

2.3 [0.74, 3.86]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8 Change in global disease severity
from baseline as measured by the
CGIC and the ADCS-CGIC

2 85 Risk Ratio (M-H, Fixed, 95%
CI)

0.58 [0.16, 2.11]

9 Dropouts due to adverse events 3 145 Risk Ratio (M-H, Fixed, 95%
CI)

2.18 [0.64, 7.45]

 
 

Analysis 1.1.   Comparison 1 Methylphenidate, Outcome 1 Change in apathy from baseline as measured by the AES.

Study or subgroup Methylphenidate Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.1.1 < 12 weeks  

Herrmann 2008 13 -2.3 (5.1) 12 0.5 (3.9) 32.53% -2.81[-6.35,0.73]

Rosenberg 2013 29 -1.9 (5.7) 31 0.6 (5.3) 35.18% -2.5[-5.27,0.27]

Subtotal *** 42   43   67.7% -2.62[-4.8,-0.44]

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.89); I2=0%  

Test for overall effect: Z=2.35(P=0.02)  

   

1.1.2 ≥ 12 weeks  

Padala 2017 30 -14.1 (7.1) 30 -4.2 (7.1) 32.3% -9.9[-13.5,-6.3]

Subtotal *** 30   30   32.3% -9.9[-13.5,-6.3]

Heterogeneity: Not applicable  

Test for overall effect: Z=5.39(P<0.0001)  

   

Total *** 72   73   100% -4.99[-9.55,-0.43]

Heterogeneity: Tau2=13.37; Chi2=11.51, df=2(P=0); I2=82.62%  

Test for overall effect: Z=2.15(P=0.03)  

Test for subgroup differences: Chi2=11.49, df=1 (P=0), I2=91.3%  

Favours methylphenidate 105-10 -5 0 Favours placebo

 
 

Analysis 1.2.   Comparison 1 Methylphenidate, Outcome 2 Change
in apathy from baseline as measured by the NPI-apathy subscore.

Study or subgroup Methylphenidate Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Herrmann 2008 13 0.4 (4.2) 12 -1.7 (2.9) 44.44% 2.07[-0.75,4.89]

Rosenberg 2013 29 -4.4 (2.3) 31 -2.6 (2.6) 55.56% -1.8[-3.04,-0.56]

   

Total *** 42   43   100% -0.08[-3.85,3.69]

Heterogeneity: Tau2=6.26; Chi2=6.07, df=1(P=0.01); I2=83.53%  

Test for overall effect: Z=0.04(P=0.97)  

Favours methylphenidate 52.5-5 -2.5 0 Favours placebo
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Analysis 1.3.   Comparison 1 Methylphenidate, Outcome 3 Adverse Events.

Study or subgroup Methylphenidate Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 < 12 weeks  

Herrmann 2008 3/13 1/12 7.84% 2.77[0.33,23.14]

Rosenberg 2013 29/29 29/31 57.19% 1.07[0.95,1.19]

Subtotal (95% CI) 42 43 65.03% 1.28[0.44,3.72]

Total events: 32 (Methylphenidate), 30 (Placebo)  

Heterogeneity: Tau2=0.36; Chi2=1.62, df=1(P=0.2); I2=38.15%  

Test for overall effect: Z=0.46(P=0.65)  

   

1.3.2 ≥ 12 weeks  

Padala 2017 13/30 9/30 34.97% 1.44[0.73,2.86]

Subtotal (95% CI) 30 30 34.97% 1.44[0.73,2.86]

Total events: 13 (Methylphenidate), 9 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.06(P=0.29)  

   

Total (95% CI) 72 73 100% 1.28[0.67,2.42]

Total events: 45 (Methylphenidate), 39 (Placebo)  

Heterogeneity: Tau2=0.18; Chi2=5.23, df=2(P=0.07); I2=61.79%  

Test for overall effect: Z=0.75(P=0.45)  

Test for subgroup differences: Chi2=0.03, df=1 (P=0.85), I2=0%  

Favours methylphenidate 500.02 100.1 1 Favours placebo

 
 

Analysis 1.4.   Comparison 1 Methylphenidate, Outcome 4 Change in NPS from baseline as measured by the NPI.

Study or subgroup Methylphenidate Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Herrmann 2008 13 -1.9 (7.6) 12 -2.1 (12.2) 100% 0.16[-7.89,8.21]

   

Total *** 13   12   100% 0.16[-7.89,8.21]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.97)  

Favours methylphenidate 105-10 -5 0 Favours placebo

 
 

Analysis 1.5.   Comparison 1 Methylphenidate, Outcome 5
Change in cognition from baseline as measured by the MMSE.

Study or subgroup Methylphenidate Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.5.1 < 12 weeks study duration  

Herrmann 2008 13 -0.6 (2.5) 12 -1.1 (2.8) 19.22% 0.5[-1.6,2.6]

Rosenberg 2013 29 1.2 (4.2) 31 -0.3 (4.2) 19.23% 1.5[-0.6,3.6]

Subtotal *** 42   43   38.45% 1[-0.49,2.49]

Heterogeneity: Tau2=0; Chi2=0.43, df=1(P=0.51); I2=0%  

Test for overall effect: Z=1.32(P=0.19)  

   

Favours placebo 52.5-5 -2.5 0 Favours methylphenidate
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Study or subgroup Methylphenidate Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.5.2 ≥ 12 weeks study duration  

Padala 2017 30 2.2 (2.8) 30 -0.4 (1.7) 61.55% 2.6[1.43,3.77]

Subtotal *** 30   30   61.55% 2.6[1.43,3.77]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.34(P<0.0001)  

   

Total *** 72   73   100% 1.98[1.06,2.91]

Heterogeneity: Tau2=0; Chi2=3.17, df=2(P=0.2); I2=37%  

Test for overall effect: Z=4.22(P<0.0001)  

Test for subgroup differences: Chi2=2.74, df=1 (P=0.1), I2=63.5%  

Favours placebo 52.5-5 -2.5 0 Favours methylphenidate

 
 

Analysis 1.6.   Comparison 1 Methylphenidate, Outcome 6 Change
in functional permance from baseline as measured by the ADL.

Study or subgroup Methylphenidate Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Padala 2017 30 0.9 (1.7) 30 0.4 (1.8) 100% 0.5[-0.39,1.39]

   

Total *** 30   30   100% 0.5[-0.39,1.39]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.11(P=0.27)  

Favours placebo 52.5-5 -2.5 0 Favours methylphenidate

 
 

Analysis 1.7.   Comparison 1 Methylphenidate, Outcome 7 Change
in functional performance from baseline as measured by the IADL.

Study or subgroup Methylphenidate Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Padala 2017 30 1.7 (2.9) 30 -0.6 (3.2) 100% 2.3[0.74,3.86]

   

Total *** 30   30   100% 2.3[0.74,3.86]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.9(P=0)  

Favours placebo 105-10 -5 0 Favours methylphenidate

 
 

Analysis 1.8.   Comparison 1 Methylphenidate, Outcome 8 Change in global
disease severity from baseline as measured by the CGIC and the ADCS-CGIC.

Study or subgroup Methylphenidate Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Herrmann 2008 2/13 4/12 81.14% 0.46[0.1,2.08]

Rosenberg 2013 1/29 1/31 18.86% 1.07[0.07,16.31]

   

Favours methylphenidate 1000.01 100.1 1 Favours placebo
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Study or subgroup Methylphenidate Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total (95% CI) 42 43 100% 0.58[0.16,2.11]

Total events: 3 (Methylphenidate), 5 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.28, df=1(P=0.6); I2=0%  

Test for overall effect: Z=0.83(P=0.4)  

Favours methylphenidate 1000.01 100.1 1 Favours placebo

 
 

Analysis 1.9.   Comparison 1 Methylphenidate, Outcome 9 Dropouts due to adverse events.

Study or subgroup Methylphenidate Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Herrmann 2008 2/13 0/12 15.02% 4.64[0.25,87.91]

Padala 2017 1/30 1/30 28.97% 1[0.07,15.26]

Rosenberg 2013 4/29 2/31 56.01% 2.14[0.42,10.8]

   

Total (95% CI) 72 73 100% 2.18[0.64,7.45]

Total events: 7 (Methylphenidate), 3 (Placebo)  

Heterogeneity: Tau2=0; Chi2=0.57, df=2(P=0.75); I2=0%  

Test for overall effect: Z=1.25(P=0.21)  

Favours methylphenidate 5000.002 100.1 1 Favours placebo

 
 

Comparison 2.   Modafinil

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the FrSBe-apathy subscale

1 22 Mean Difference (IV,
Fixed, 95% CI)

0.27 [-3.51, 4.05]

2 Change in functional performance from
baseline as measured by the ADL-Q

1 22 Mean Difference (IV,
Fixed, 95% CI)

-0.54 [-1.40, 0.32]

 
 

Analysis 2.1.   Comparison 2 Modafinil, Outcome 1 Change in
apathy from baseline as measured by the FrSBe-apathy subscale.

Study or subgroup Modafinil Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Frakey 2012 11 -6.5 (4) 11 -6.8 (5) 100% 0.27[-3.51,4.05]

   

Total *** 11   11   100% 0.27[-3.51,4.05]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.14(P=0.89)  

Favours modafinil 2010-20 -10 0 Favours placebo
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Analysis 2.2.   Comparison 2 Modafinil, Outcome 2 Change in
functional performance from baseline as measured by the ADL-Q.

Study or subgroup Modafinil Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Frakey 2012 11 -0.5 (1.1) 11 0 (1) 100% -0.54[-1.4,0.32]

   

Total *** 11   11   100% -0.54[-1.4,0.32]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.23(P=0.22)  

Favours placebo 21-2 -1 0 Favours modafinil

 
 

Comparison 3.   Cholinesterase inhibitors

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the NPI-apathy subscore (sub-
group analysis with licensed versus unli-
censed ChEIs)

6 3598 Mean Difference (IV, Ran-
dom, 95% CI)

-0.40 [-0.80,
-0.00]

1.1 Licensed ChEIs (and ≤ 24 weeks study
duration)

3 2531 Mean Difference (IV, Ran-
dom, 95% CI)

-0.21 [-0.85, 0.43]

1.2 Unlicensed ChEIs ( and > 24 weeks
study duration)

3 1067 Mean Difference (IV, Ran-
dom, 95% CI)

-0.63 [-0.98,
-0.29]

2 Change in apathy from baseline as mea-
sured by the NPI-apathy subscore (sub-
group analysis with disease severity)

6 3598 Mean Difference (IV, Ran-
dom, 95% CI)

-0.40 [-0.80,
-0.00]

2.1 Moderate AD (MMSE ≥ 18) 4 3100 Mean Difference (IV, Ran-
dom, 95% CI)

-0.43 [-0.79,
-0.07]

2.2 Severe AD (MMSE < 18) 2 498 Mean Difference (IV, Ran-
dom, 95% CI)

-0.36 [-1.82, 1.10]

 
 

Analysis 3.1.   Comparison 3 Cholinesterase inhibitors, Outcome 1 Change in apathy from baseline
as measured by the NPI-apathy subscore (subgroup analysis with licensed versus unlicensed ChEIs).

Study or subgroup Cholinesterase
Inhibitors

Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

3.1.1 Licensed ChEIs (and ≤ 24 weeks study duration)  

Herrmann 2005 1347 -0.2 (3.3) 686 -0.1 (3.2) 21.79% -0.09[-0.39,0.21]

MSAD trial 144 -1.3 (3.5) 146 -0.2 (3.4) 12.54% -1.14[-1.93,-0.35]

Tariot 2001 103 -0.2 (2.5) 105 -0.6 (0.3) 17.95% 0.35[-0.14,0.84]

Subtotal *** 1594   937   52.28% -0.21[-0.85,0.43]

Heterogeneity: Tau2=0.24; Chi2=9.84, df=2(P=0.01); I2=79.68%  

Test for overall effect: Z=0.65(P=0.51)  

Favours ChEI 21-2 -1 0 Favours placebo
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Study or subgroup Cholinesterase
Inhibitors

Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

   

3.1.2 Unlicensed ChEIs ( and > 24 weeks study duration)  

Kaufer 1998 260 -0.2 (0.8) 135 0.6 (3.5) 15.9% -0.74[-1.34,-0.14]

Morris 1998 273 -0.1 (0.8) 135 0.6 (3.5) 15.91% -0.71[-1.31,-0.11]

Raskind 1999 177 -0.2 (0.7) 87 0.2 (2.8) 15.91% -0.45[-1.05,0.15]

Subtotal *** 710   357   47.72% -0.63[-0.98,-0.29]

Heterogeneity: Tau2=0; Chi2=0.55, df=2(P=0.76); I2=0%  

Test for overall effect: Z=3.6(P=0)  

   

Total *** 2304   1294   100% -0.4[-0.8,-0]

Heterogeneity: Tau2=0.17; Chi2=16.96, df=5(P=0); I2=70.52%  

Test for overall effect: Z=1.98(P=0.05)  

Test for subgroup differences: Chi2=1.3, df=1 (P=0.25), I2=23.18%  

Favours ChEI 21-2 -1 0 Favours placebo

 
 

Analysis 3.2.   Comparison 3 Cholinesterase inhibitors, Outcome 2 Change in apathy from
baseline as measured by the NPI-apathy subscore (subgroup analysis with disease severity).

Study or subgroup Cholinesterase
Inhibitors

Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

3.2.1 Moderate AD (MMSE ≥ 18)  

Herrmann 2005 1347 -0.2 (3.3) 686 -0.1 (3.2) 21.79% -0.09[-0.39,0.21]

Kaufer 1998 260 -0.2 (0.8) 135 0.6 (3.5) 15.9% -0.74[-1.34,-0.14]

Morris 1998 273 -0.1 (0.8) 135 0.6 (3.5) 15.91% -0.71[-1.31,-0.11]

Raskind 1999 177 -0.2 (0.7) 87 0.2 (2.8) 15.91% -0.45[-1.05,0.15]

Subtotal *** 2057   1043   69.52% -0.43[-0.79,-0.07]

Heterogeneity: Tau2=0.07; Chi2=6.04, df=3(P=0.11); I2=50.29%  

Test for overall effect: Z=2.37(P=0.02)  

   

3.2.2 Severe AD (MMSE < 18)  

MSAD trial 144 -1.3 (3.5) 146 -0.2 (3.4) 12.54% -1.14[-1.93,-0.35]

Tariot 2001 103 -0.2 (2.5) 105 -0.6 (0.3) 17.95% 0.35[-0.14,0.84]

Subtotal *** 247   251   30.48% -0.36[-1.82,1.1]

Heterogeneity: Tau2=1; Chi2=9.84, df=1(P=0); I2=89.83%  

Test for overall effect: Z=0.49(P=0.63)  

   

Total *** 2304   1294   100% -0.4[-0.8,-0]

Heterogeneity: Tau2=0.17; Chi2=16.96, df=5(P=0); I2=70.52%  

Test for overall effect: Z=1.98(P=0.05)  

Test for subgroup differences: Chi2=0.01, df=1 (P=0.93), I2=0%  

Favours ChEI 21-2 -1 0 Favours placebo
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Comparison 4.   Discontinuation of cholinesterase inhibitors

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the NPI-apathy subscore

1 40 Mean Difference (IV,
Fixed, 95% CI)

1.11 [-0.88, 3.10]

 
 

Analysis 4.1.   Comparison 4 Discontinuation of cholinesterase inhibitors, Outcome
1 Change in apathy from baseline as measured by the NPI-apathy subscore.

Study or subgroup Cholinesterase
Inhibitor

Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Herrmann 2016 21 2.5 (3.6) 19 1.4 (2.8) 100% 1.11[-0.88,3.1]

   

Total *** 21   19   100% 1.11[-0.88,3.1]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.09(P=0.28)  

Favours ChEI 52.5-5 -2.5 0 Favours placebo

 
 

Comparison 5.   Atypical antipsychotics

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the NPI-apathy subscore and the
BPRS withdrawn depression factor score

2 1070 Std. Mean Difference
(IV, Fixed, 95% CI)

0.14 [0.00, 0.28]

 
 

Analysis 5.1.   Comparison 5 Atypical antipsychotics, Outcome 1 Change in apathy from baseline
as measured by the NPI-apathy subscore and the BPRS withdrawn depression factor score.

Study or subgroup Atypical An-
tipsychotics

Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

De Deyn 2004 520 -0.9 (3.3) 129 -1.1 (3) 52.47% 0.07[-0.12,0.26]

Sultzer 2008 279 0.1 (0.9) 142 -0.1 (0.8) 47.53% 0.22[0.02,0.43]

   

Total *** 799   271   100% 0.14[0,0.28]

Heterogeneity: Tau2=0; Chi2=1.17, df=1(P=0.28); I2=14.52%  

Test for overall effect: Z=1.99(P=0.05)  

Favours antipsychotics 0.50.25-0.5 -0.25 0 Favours placebo
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Comparison 6.   Discontinuation of antipsychotics

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the NPI-apathy subscore

1 55 Mean Difference (IV,
Fixed, 95% CI)

-0.24 [-0.51, 0.03]

 
 

Analysis 6.1.   Comparison 6 Discontinuation of antipsychotics, Outcome 1
Change in apathy from baseline as measured by the NPI-apathy subscore.

Study or subgroup Antipsychotics Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Ruths 2008 28 -0.1 (0.4) 27 0.1 (0.6) 100% -0.24[-0.51,0.03]

   

Total *** 28   27   100% -0.24[-0.51,0.03]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.75(P=0.08)  

Favours antipsychotics 0.50.25-0.5 -0.25 0 Favours placebo

 
 

Comparison 7.   Antidepressants

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the NPI-apathy subscore

2 126 Mean Difference (IV,
Fixed, 95% CI)

-1.24 [-1.44,
-1.04]

 
 

Analysis 7.1.   Comparison 7 Antidepressants, Outcome 1 Change
in apathy from baseline as measured by the NPI-apathy subscore.

Study or subgroup Antidepressants Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

CitAD trial 41 -1.2 (0.5) 42 0 (0.4) 98.93% -1.25[-1.45,-1.05]

Lanctôt 2002 22 -0.9 (3.8) 21 -0.7 (2.7) 1.07% -0.24[-2.18,1.7]

   

Total *** 63   63   100% -1.24[-1.44,-1.04]

Heterogeneity: Tau2=0; Chi2=1.03, df=1(P=0.31); I2=2.52%  

Test for overall effect: Z=12.07(P<0.0001)  

Favours antidepressants 52.5-5 -2.5 0 Favours placebo
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Comparison 8.   Mibampator

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the FrSBe-apathy T score

1 132 Mean Difference (IV,
Fixed, 95% CI)

-1.2 [-1.94, -0.46]

 
 

Analysis 8.1.   Comparison 8 Mibampator, Outcome 1 Change in
apathy from baseline as measured by the FrSBe-apathy T score.

Study or subgroup Mibampator Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Trzepacz 2013 63 0.8 (2) 69 2 (2.3) 100% -1.2[-1.94,-0.46]

   

Total *** 63   69   100% -1.2[-1.94,-0.46]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.19(P=0)  

Favours mibampator 21-2 -1 0 Favours placebo

 
 

Comparison 9.   Valproate

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the NPI-apathy subscore and GIP-
apathy subscore

3 257 Std. Mean Difference (IV,
Fixed, 95% CI)

0.02 [-0.23, 0.26]

 
 

Analysis 9.1.   Comparison 9 Valproate, Outcome 1 Change in apathy from
baseline as measured by the NPI-apathy subscore and GIP-apathy subscore.

Study or subgroup Valproate Placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Herrmann 2007 6 1.3 (1.8) 7 1.6 (2.3) 5.02% -0.14[-1.23,0.95]

Sival 2002 42 0.3 (2.5) 42 -0.1 (2.5) 32.62% 0.18[-0.25,0.6]

Tariot 2011 79 1.1 (2.7) 81 1.2 (2.9) 62.36% -0.05[-0.36,0.26]

   

Total *** 127   130   100% 0.02[-0.23,0.26]

Heterogeneity: Tau2=0; Chi2=0.78, df=2(P=0.68); I2=0%  

Test for overall effect: Z=0.15(P=0.88)  

Favours valproate 10.5-1 -0.5 0 Favours placebo
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Comparison 10.   Semagacestat

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in apathy from baseline as mea-
sured by the NPI-apathy subscore

1 939 Mean Difference (IV,
Fixed, 95% CI)

0.20 [0.15, 0.25]

 
 

Analysis 10.1.   Comparison 10 Semagacestat, Outcome 1 Change
in apathy from baseline as measured by the NPI-apathy subscore.

Study or subgroup Semagacestat Placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Semgacestat trial 570 0.6 (0.4) 369 0.4 (0.3) 100% 0.2[0.15,0.25]

   

Total *** 570   369   100% 0.2[0.15,0.25]

Heterogeneity: Not applicable  

Test for overall effect: Z=8.54(P<0.0001)  

Favours semagacestat 0.20.1-0.2 -0.1 0 Favours placebo
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7
8

A D D I T I O N A L   T A B L E S

  STUDY DU-
RATION

N OF
PARTICI-
PANTS

Diagnosis MEAN AGE
(YRS)

MEAN
MMSE
(SD)

MEAN BL
NPI-APA-
THY (SD)
score

COUNTRY NUMBER
OF SITES

TREATMENT GROUPS

METHYLPHENIDATE

Herrmann
2008

2 weeks
Cross-over
design: 2
treatment
phases of 2
weeks with
a 1-week
washout be-
tween phas-
es

13 total Possible or probable AD
(NINCDS-ADRDA), and apa-
thy (NPI-apathy subscale ≥
1)

77.9 (7.8) 19.9 (4.7) 5.9 (3) Canada 3 Group 1:
Methylphenidate (10 mg
twice a day)
Group 2: Placebo

Rosenberg
2013

6 weeks 60 partici-
pants
Group 1: 29
Group 2: 31

Possible or probable AD
(NINCDS-ADRDA), and clini-
cally significant apathy for
at least 4 weeks

76 (8) 20 (5) Group 1: 7
(2)
Group 2:
7 (2)

USA,
Canada

3 Group 1:
Methylphenidate (target:
20 mg daily)
Group 2: Placebo

Padala
2017

12 weeks 60 partici-
pants
Group 1: 30
Group 2: 30

Dementia of the AD type
(DSM-IV-TR), and presence
of apathy (AES > 40)

76.6 (7.9) 23.8 (2.5) Not re-
ported
 
(AES only)

USA 1 Group 1:
Methylphenidate (target:
20 mg daily)
Group 2: Placebo

MODAFINIL

Frakey
2012

8 weeks Group 1: 11
Group 2: 11

Possible or probable AD
(NINCDS-ADRDA criteria)
and clinically significant ap-
athy (FrSBe Tscore ≥ 65)

Group 1:
75.3 (8.3)
Group 2:
29.4 (7.6)

Not dis-
closed

Not re-
ported

USA 1 Group 1: Modafinil (200
mg daily)
Group 2: Placebo

CHOLINESTERASE INHIBITORS

Tariot
2001

24 weeks Group 1:
103

Group 2:
105

Possible or probable AD
with cerebrovascular dis-
ease (but not vascular de-
mentia) (NINCDS-ADRDA cri-
teria)

Group 1:
85.4
Group 2:
85.9

Group 1:
14.4 (5.4)
Group 2:
14.4 (5.8)

Not re-
ported

USA 27 Group 1: Donepezil - 5
mg/day for 28 days. 10
mg/day after 28 days
based on tolerability.
Group 2: placebo

Table 1.   Study and participant characteristics 
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7
9

MSAD trial 24 weeks Group 1:
144
Group 2:
146

AD (DSM-IV and NINCDS-
ADRDA criteria)
 
moderate-severe AD

73.6 Group 1:
11.7 (0.35)
Group 2:
12.0 (0.34)
**

Group 1:
3.48 (0.29)
Group 2:
3.48
(0.28)

Canada,
Australia,
France

32 Group 1: Donepezil - 5
mg/day for 28 days. 10
mg/day after 28 days
based on tolerability.
Group 2: placebo

Herrmann
2005

Range: 3 - 6
months (12 -
24 weeks)

Group 1:
1347
Group 2:
686

Probable AD (NINCDS-ADR-
DA criteria)
 
mild-moderate AD

76 18 Group 1:
2.34 (3.2)
Group 2:
2.32 (3.3)

USA,
Cana-
da, Great
Britain,
South
Africa,
Australia,
and New
Zealand

Multicen-
ter, but
number
not dis-
closed

Group 1: Galantamine
Group 2: Placebo

Kaufer
1998

26 weeks Group 1:
273
Group 2:
135

Probable AD (NINCDS-ADR-
DA criteria)
 
mild-moderate AD

Not re-
ported

Not re-
ported

Not re-
ported

USA 25 Group 1: Metrifonate (2
weeks – 2.0 mg/kg, fol-
lowed by 0.65 mg/kg)
Group 2: Placebo

Morris
1998

26 weeks Group 1:
273
Group 2:
135

Probable AD (NINCDS-ADR-
DA criteria)
 
mild-moderate AD

Group 1:
73.5 (8.1)
Group 2:
73.7 (7.3)

Group 1:
18.8 (5)
Group 2:
19.4 (4.3)

Not re-
ported

USA 24 Group 1: Metrifonate (2
weeks – 2.0 mg/kg, fol-
lowed by 0.65 mg/kg)
Group 2: Placebo

Raskind
1999

26 weeks Group 1:
177
Group 2: 87

Probable AD (NINCDS-ADR-
DA criteria)

mild-moderate AD

Group 1:
74.6 (8.3)
Group 2 :
74.5 (7.5)

Group 1:
18.7 (4.76)
Group 2:
18.7 (4.97)

Not re-
ported

USA (addi-
tional sites
are not
disclosed)

Multicen-
ter, but
number
not dis-
closed

Group 1:
50 mg, OD
Group 2: placebo

CHOLINESTERASE DISCONTINUATION

Herrmann
2016

8 weeks Group 1: 21
Group 2: 19

Probable AD (NINCDS-ADR-
DA criteria)
 
moderate-severe AD

89.3 Group 1:
8.1(5.2)
Group 2:
10 (5.1)

Group 1:
3.29 (4.0)
Group 2:
2.16 (4.0)

Canada 2 Group 1: Donepezil,
rivastigmine,
galantamine (oral only)
Group 2: Placebo

ATYPICAL ANTIPSYCHOTICS

De Deyn
2004

10 weeks Group 1:
132

Possible or probable AD
(NINCDS-ADRDA criteria and
DSM-IV-TR), and clinically

76.6 (10.4) 13.7 (5.1) Group 1:
3.2 (3.9)

Europe,
Australia,
Israel,

61 Group 1: 7.5 mg OLZ
Group 2: 5 mg OLZ
Group 3: 2.5 mg OLZ 

Table 1.   Study and participant characteristics  (Continued)
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8
0

Group 2:
125
Group 3:
134 
Group 4:
129
Group 5:
129

significant psychotic symp-
toms

Group 2:
3.2 (3.7)
Group 3:
3.4 (3.9)
Group 4:
3.4 (3.7)
Group 5:
3.0 (3.5)

Lebanon,
and South
Africa

Group 4: 1.0 mg OLZ
Group 5: Placebo

Sultzer
2008

Up to 36
weeks (12
weeks of
treatment)
data avail-
able

Group 1:
100
Group 2: 94
Group 3: 85
Group 4:
142

Dementia of the AD type
(DSM-IV) or probable AD
(NINCDS-ADRDA) and daily
delusions, hallucinations,
agitation, or aggression
over 4 weeks prior to study
entry

77.9 (7.5) Group 1:
15 (5.4)
Group 2:
14.9 (6.1)
Group 3:
15.7 (6.1)
Group 4:
14.7 (5.8)

Not re-
ported

USA 42 Group 1: OLZ
Group 2: QUE
Group 3: RIS
Group 4: Placebo

ANTIPSYCHOTIC DISCONTUATION

Ruths
2008

4 weeks Group 1: 28
Group 2: 27

Dementia diagnosis accord-
ing to ICD-10

83.4 (6.9) Not pro-
vided

Group 1:
1.4
(1.5)Group
2: 1.9 (1.5)

Norway 9 Group 1: Antipsychotics
(haloperidol, risperi-
done, or olanzapine)
Group 2:
Placebo

ANTIDEPRESSANTS

Lanctôt
2002

4 weeks:
Cross-over
design: 2
treatment
phases of 4
weeks with
a 1-week
washout be-
tween phas-
es

22 total Primary degenerative de-
mentia (DSM-IV) and prob-
able AD (NINCDS-ADRDA),
and significant behavioral
problems (NPI ≥ 8)

82 (6) 4.1 (4.7) Group 1:
1.27 (3.5)
Group 2:
1.45 (3.6)

Canada 3 Group 1: Sertraline (100
mg daily)
Group 2: Placebo

CitAD trial 9 weeks Group 1: 94
Group 2: 92

Probable AD (NINCDS-ADR-
DA), and significant behav-
ioral problems (NPI ≥ 8), and
clinically significant agita-
tion on the NPI > 3

Group 1:
78 (9)
Group 2:
79 (8)

Group 1:
17 (6.2)
Group 2:
14.4 (6.9)

Group 1:
6 (0.9)
Group 2:
6 (0.9)

USA 6 Group 1: Citalopram (30
mg daily)
Group 2: Placebo

Table 1.   Study and participant characteristics  (Continued)
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8
1

MIBAMPATOR

Trzepacz
2013

12 weeks Group 1: 63
Group 2: 69

Probable AD (NINCDS-ADR-
DA) (DSM-IV-TR), and clin-
ically significant agita-
tion/aggression

Group 1:
77.2 (8.2)
Group 2:
77.7 (7.6)

Group 1:
16.0 (6.1)
Group 2:
18 (5.3)

Not re-
ported

USA Multicen-
ter, but
number
not dis-
closed

Group 1: Mibampator
(target dose: 3 mg daily)
Group 2: Placebo

VALPROATE

Herrmann
2007

6 weeks:
Cross-over
design: 2
treatment
phases of 6
weeks with
a 2-week
washout be-
tween phas-
es

Group 1: 14
Group 2: 13

Probable AD (NINCDS-ADR-
DA), primary degenerative
dementia (DSM-IV)

85.6 (4.5) 4.5 (4.6) Group 1:
2.4 (3.8)
Group 2:
3.0(4.3)

Canada 2 Group 1: Valproate
(mean dose: 1134.6
(400.1) mg daily)
Group 2: Placebo

Sival 2002 3 weeks:
Cross-over
design: 2
treatment
phases of 3
weeks with
a 1-week
washout be-
tween phas-
es

Group 1: 42
Group 2: 42

Senile dementia (NINCDS-
ADRDA)(DSM-IV)

80.4 (6.8) 11.4 (5) Not re-
ported

Nether-
lands

1 Group 1: Valproate (2 x
240 mg)
Group 2: Placebo

Tariot
2011

24 months
(+ 2-month
single-blind
placebo
phase)

Group 1:
153
Group 2:
160

Possible or probable AD
(NINCDS-ADRDA)

Group 1:
74.9
Group 2:
76.6

Group 1:
16.9 (3.0)
Group 2:
16.9 (2.9)

Group 1:
1.1 (2.7)
Group 2:
1.2 (2.9)

USA 46 Group 1: Valproate (flex-
ible-dose) (mean modal
dose: 250 mg daily)
Group 2: Placebo

SEMAGACESTAT

Semgaces-
tat trial

76 weeks Group 1:
463
Group 2:
472

Mild-moderate AD (NINCDS-
ADRDA)

Group 1:
72.7 (7.9)
Group 2:
73 (8.5)

Group 1:
20.9 (3.5)
Group 2:
20.8 (3.5)

Not re-
ported

USA 91 Group 1: LY100
Group 2: LY140
Group 3: Placebo

Table 1.   Study and participant characteristics  (Continued)
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8
2

Group 3:
473

Group 3:
73.3 (8)

Group 3:
20.9 (3.6)

Table 1.   Study and participant characteristics  (Continued)

AD: Alzheimer's disease, BL: baseline, DSM: Diagnostic and Statistical Manual of Mental Disoders, FrSBe: Frontal Systems Behavior Scale, ICD: International Classification of
Diseases, LY: LY450319 (Eli Lillyand Company study drug), NINCDS-ADRDA: National Institute of Neurological and Communicative disorders and the Alzheimer's Disease and
Related Disorders Association, NPI: Neuropsychiatric Inventory, OLZ: olanzapine, QUE: quetiapine, RIS: risperidone, SD: standard deviation.
 
 

Study Apathy AE reported NPS Cognition Function Global
Change

Dropouts
due to AEs re-
ported

METHYLPHENIDATE

Herrmann 2008 AES-Informant
 
NPI-apathy subscale

Yes NPI-total MMSE N/A CGI-C Yes

Rosenberg 2013 AES-Informant
 
NPI-apathy subscale

Yes NPI-total (not
reported)

MMSE N/A ADCS-CGIC Yes

Padala 2017 AES-Clinician Yes N/A MMSE ADL
IADL

N/A Yes

MODAFINIL

Frakey 2012 FrSBe-apathy subscale Yes N/A N/A ADLQ N/A Yes

CHOLINESTERASE INHIBITORS

Tariot 2001 NPI-apathy subscale

MSAD trial NPI-apathy subscale

Herrmann 2005 NPI-apathy subscale

Kaufer 1998 NPI-apathy subscale

Morris 1998 NPI-apathy subscale

These outcomes were not investigated for this drug comparison

Table 2.   Outcome Measures and Assessments 
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Raskind 1999 NPI-apathy subscale

CHOLINESTERASE DISCONTINUATION

Herrmann 2016 NPI-apathy subscale These outcomes were not investigated for this drug comparison.

ATYPICAL ANTIPSYCHOTICS

De Deyn 2004 NPI-apathy subscale

Sultzer 2008 BPRS-withdrawn depression factor
score

These outcomes were not investigated for this drug comparison

ANTIPSYCHOTIC DISCONTINUATION

Ruths 2008 NPI-apathy subscale These outcomes were not investigated for this drug comparison

ANTIDEPRESSANTS

Lanctôt 2002 NPI-apathy subscale

CitAD trial NPI-apathy subscale

These outcomes were not investigated for this drug comparison

MIBAMPATOR

Trzepacz 2013 FrSBe-apathy T score These outcomes were not investigated for this drug comparison

VALPROATE

Herrmann 2007 NPI-apathy subscale These outcomes were not investigated for this drug comparison

Sival 2002 GIP-apathetic behavior subscore These outcomes were not investigated for this drug comparison

Tariot 2011 NPI-apathy subscale These outcomes were not investigated for this drug comparison

SEMAGACESTAT

Semgacestat trial NPI-apathy These outcomes were not investigated for this drug comparison

Table 2.   Outcome Measures and Assessments  (Continued)

ADCS-CGIC: Alzheimer's Diserase Cooperative Study - Clinical Global Impression of Change, ADL: Activities of Daily Living scale, ADLQ: Lawton and Brody Fucntional Assessment,
AES: Apathy Evaluation Scale, CGI-C: Clinical Global Impression of Change, FrSBe: Frontal Systems Behavior Scale, GIP: The Behavior Observation Scale for Intramural
Psychogeriatric Patients, IADL: Instrumental Activities of Daily Living Scale, MMSE: Mini-Mental State Examination, NPI: Neuropsychiatric Inventory.

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



P
h

a
rm

a
co

lo
g

ica
l in

te
rv

e
n

tio
n

s fo
r a

p
a

th
y

 in
 A

lzh
e

im
e

r's d
ise

a
se

 (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2018 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

8
4

 
C

o
ch

ra
n

e
L

ib
ra

ry
T

ru
ste

d
 e

v
id

e
n

ce
.

In
fo

rm
e

d
 d

e
cisio

n
s.

B
e

tte
r h

e
a

lth
.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

A P P E N D I C E S

Appendix 1. Sources searched and search strategies

 

Source Search strategy Hits retrieved

1. CENTRAL (The
Cochrane Li-
brary) http://cr-
so.cochrane.org/SearchSim-
ple.php

[Date of most recent
search: 4 May 2017]

#1 MeSH descriptor: [Dementia] explode all trees

#2 dement*

#3 alzheimer*

#4 ((lewy* adj2 bod*) or DLB or LBD)

#5 LBD

#6 "organic brain disease" or "organic brain syndrome"

#7 "benign senescent forgetfulness"

#8 (cerebr* adj2 deteriorat*)

#9 (cerebral* adj2 insufficient*)

#10 VCI

#11 FTD or FTLD or "fronto-temporal" or frontotemporal

#12 "parkinson* disease dementia" or PDD

#13 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12

#14 MeSH descriptor: [Mild Cognitive Impairment] explode all trees

#15 "cognit* impair*"

#16 MCI

#17 ACMI

#18 ARCD

#19 SMC

#20 CIND

#21 BSF

#22 AAMI

#23 MD

#24 LCD

#25 QD

#26 AACD

#27 MNCD

#28 MCD

#29 "N-MCI" or "A-MCI" or "M-MCI"

17.06.17 -133

4.5.17 - 33
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#30 "cognit* declin*" or "cognit* los*" or "cognit* deteriorat*" or "cognit* de-
generat*" or "cognit* complain*" or "cognit* disturb*" or "cognit* disorder*"
or "memory declin*" or "memory los*" or "memory deteriorat*" or "memory
degenerat*" or "memory complain*" or "memory disturb*"

#31 "memory disorder*" or "cerebr* declin*" or "cerebr* los*" or "cerebr* de-
teriorat*" or "cerebr* degenerat*" or "cerebr* complain*" or "cerebr* dis-
turb*" or "cerebr* disorder*" or "mental* declin*" or "mental* los*" or "men-
tal* deteriorat*" or "mental* degenerat*" or "mental* complain*" or "mental*
disturb*" or "mental* disorder*"

#32 "preclinical AD"

#33 "pre-clinical AD"

#34 ("preclinical alzheimer*" or "pre-clinical alzheimer*")

#35 (aMCI or MCIa)

#36 ("CDR 0.5" or "clinical dementia rating scale 0.5")

#37 ("GDS 3" or "stage 3 GDS")

#38 ("global deterioration scale" and "stage 3")

#39 (AES or "apathy evaluation scale")

#40 (NPI or "neuropsychiatric inventory")

#41 "mild neurocognit* disorder*"

#42 (prodrom* adj2 dement*)

#43 (episodic* adj2 memory)

#44 ("preclinical dementia" or "pre-clinical dementia")

#45 #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or
#24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35
or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or #44

#46 MeSH descriptor: [Apathy] explode all trees

#47 apathy

#48 apathetic

#49 MeSH descriptor: [Lethargy] explode all trees

#50 lethargy

#51 lethargic

#52 listless*

#53 detachment or detached

#54 disinterest*

#55 dispassion*

#56 lack adj3 interest*

#57 BPSD or "behav* and psychological symptom*"

#58 #57 and #45 in Trials

  (Continued)
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2. MEDLINE

Epub Ahead of Print, In-
Process & Other Non-
Indexed Citations, Ovid
MEDLINE(R) Daily and
Ovid MEDLINE(R) 1946
to Present

(Ovid SP)

[Date of most recent
search: 4 May 2017]

1. exp Dementia/

2. dement*.mp.

3. alzheimer*.mp.

4. ((lewy* adj2 bod*) or DLB or LBD).ti,ab.

5. (LBD).mp.

6. ("organic brain disease" or "organic brain syndrome").mp.

7. "benign senescent forgetfulness".mp.

8. (cerebr* adj2 deteriorat*).mp.

9. (cerebral* adj2 insufficient*).mp.

10. VCI.ti,ab.

11. (FTD or FTLD or “fronto-temporal” or frontotemporal).ti,ab.

12. ("parkinson* disease dementia" or PDD).ti,ab.

13. or/1-12

14. Mild Cognitive Impairment/

15. "cognit* impair*".mp.

16. MCI.ti,ab.

17. ACMI.ti,ab.

18. ARCD.ti,ab.

19. SMC.ti,ab.

20. CIND.ti,ab.

21. BSF.ti,ab.

22. AAMI.ti,ab.

23. MD.ti,ab.

24. LCD.ti,ab.

25. QD.ti,ab.

26. AACD.ti,ab.

27. MNCD.ti,ab.

28. MCD.ti,ab.

29. ("N-MCI" or "A-MCI" or "M-MCI").ti,ab.

30. ((cognit* or memory or cerebr* or mental*) adj3 (declin* or los* or deterio-
rat* or degenerat* or complain* or disturb* or disorder*)).ti,ab.

31. "preclinical AD".mp.

32. "pre-clinical AD".mp.

33. ("preclinical alzheimer*" or "pre-clinical alzheimer*").mp.

17.06.17 -1200

4.5.17 - 157

  (Continued)
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34. (aMCI or MCIa).ti,ab.

35. ("CDR 0.5" or "clinical dementia rating scale 0.5").ti,ab.

36. ("GDS 3" or "stage 3 GDS").ti,ab.

37. ("global deterioration scale" and "stage 3").ti,ab.

38. (AES or “apathy evaluation scale”).ti,ab.

39. (NPI or “neuropsychiatric inventory”).ti,ab.

40. "mild neurocognit* disorder*".ti,ab.

41. (prodrom* adj2 dement*).ti,ab.

42. (episodic* adj2 memory).mp.

43. ("preclinical dementia" or "pre-clinical dementia").mp.

44. or/14-43

45. 13 or 44

46. Apathy/

47. apathy.ti,ab.

48. apathetic.ti,ab.

49. Lethargy/

50. lethargy.ti,ab.

51. lethargic.ti,ab.

52. listless*.ti,ab.

53. (detachment or detached).ti,ab.

54. disinterest*.ti,ab.

55. dispassion*.ti,ab.

56. (lack adj3 interest*).ti,ab.

57. (BPSD or "behav* and psychological symptom*").ti,ab.

58. or/46-57

59. 45 and 58

60. randomized controlled trial.pt.

61. controlled clinical trial.pt.

62. randomized.ab.

63. placebo.ab.

64. drug therapy.fs.

65. randomly.ab.

66. trial.ab.

67. groups.ab.

  (Continued)

Pharmacological interventions for apathy in Alzheimer's disease (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

88



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

68. or/60-67

69. (animals not (humans and animals)).sh.

70. 68 not 69

71. 59 and 70

3. EMBASE

1974 to 03 May 2017

[Date of most recent
search: 4 May 2017]

1 exp Dementia/

2 Delirium, Dementia, Amnestic, Cognitive Disorders/

3 ("benign senescent forgetfulness" or ("normal pressure hydrocephalus"
and "shunt*") or ("organic brain disease" or "organic brain syndrome") or
((cerebral* or cerebrovascular or cerebro-vascular) adj2 insufficien*) or (cere-
br* adj2 deteriorat*) or (chronic adj2 (cerebrovascular or cerebro-vascu-
lar)) or (creutzfeldt or jcd or cjd) or (lewy* adj2 bod*) or (pick* adj2 disease)
or alzheimer* or binswanger* or deliri* or dement* or huntington* or kor-
sako*).tw.

4 dement*.mp.

5 alzheimer*.mp.

6 ((lewy* adj2 bod*) or DLB or LBD).ti,ab.

7 (chronic adj2 cerebrovascular).mp.

8 ("organic brain disease" or "organic brain syndrome").mp.

9 "benign senescent forgetfulness".mp.

10 (cerebr* adj2 deteriorat*).mp.

11 (cerebral* adj2 insufficient*).mp.

12 VCI.ti,ab.

13 (FTD or FTLD or "fronto-temporal" or frontotemporal).ti,ab.

14 or/1-13

15 Mild Cognitive Impairment/

16 "cognit* impair*".mp.

17 MCI.ti,ab.

18 ACMI.ti,ab.

19 ARCD.ti,ab.

20 SMC.ti,ab.

21 CIND.ti,ab.

22 BSF.ti,ab.

23 AAMI.ti,ab.

24 MD.ti,ab.

25 LCD.ti,ab.

26 QD.ti,ab.

27 AACD.ti,ab.

17.06.17 -1667

4.5.17 - 284

  (Continued)
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28 MNCD.ti,ab.

29 MCD.ti,ab.

30 ("N-MCI" or "A-MCI" or "M-MCI").ti,ab.

31 ((cognit* or memory or cerebr* or mental*) adj3 (declin* or los* or deterio-
rat* or degenerat* or complain* or disturb* or disorder*)).ti,ab.

32 "preclinical AD".mp.

33 "pre-clinical AD".mp.

34 ("preclinical alzheimer*" or "pre-clinical alzheimer*").mp.

35 (aMCI or MCIa).ti,ab.

36 ("CDR 0.5" or "clinical dementia rating scale 0.5").ti,ab.

37 ("GDS 3" or "stage 3 GDS").ti,ab.

38 ("global deterioration scale" and "stage 3").ti,ab.

39 (AES or "apathy evaluation scale").ti,ab.

40 (NPI or "neuropsychiatric inventory").ti,ab.

41 "mild neurocognit* disorder*".ti,ab.

42 (prodrom* adj2 dement*).ti,ab.

43 (episodic* adj2 memory).mp.

44 ("preclinical dementia" or "pre-clinical dementia").mp.

45 or/15-44

46 14 or 45

47 Apathy/

48 apathy.ti,ab.

49 apathetic.ti,ab.

50 Lethargy/

51 lethargy.ti,ab.

52 lethargic.ti,ab.

53 listless*.ti,ab.

54 (detachment or detached).ti,ab.

55 disinterest*.ti,ab.

56 dispassion*.ti,ab.

57 (lack adj3 interest*).ti,ab.

58 (BPSD or "behav* and psychological symptom*").ti,ab.

59 or/47-58

60 46 and 59

61 randomized controlled trial/
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62 controlled clinical trial/

63 random$.ti,ab.

64 randomization/

65 intermethod comparison/

66 placebo.ti,ab.

67 (compare or compared or comparison).ti.

68 ((evaluated or evaluate or evaluating or assessed or assess) and (compare
or compared or comparing or comparison)).ab.

69 (open adj label).ti,ab.

70 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.

71 double blind procedure/

72 parallel group$1.ti,ab.

73 (crossover or cross over).ti,ab.

74 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or
intervention$1 or patient$1 or subject$1 or participant$1)).ti,ab.

75 (assigned or allocated).ti,ab.

76 (controlled adj7 (study or design or trial)).ti,ab.

77 (volunteer or volunteers).ti,ab.

78 trial.ti.

79 or/61-78

80 60 and 79

4. PSYCINFO

1806 to May Week 1
2017

[Date of most recent
search: 4 May 2017]

1 exp Dementia/

2 dement*.mp.

3 alzheimer*.mp.

4 ((lewy* adj2 bod*) or DLB or LBD).ti,ab.

5 (chronic adj2 cerebrovascular).mp.

6 ("organic brain disease" or "organic brain syndrome").mp.

7 "benign senescent forgetfulness".mp.

8 (cerebr* adj2 deteriorat*).mp.

9 (cerebral* adj2 insufficient*).mp.

10 VCI.ti,ab.

11 (FTD or FTLD or "fronto-temporal" or frontotemporal).ti,ab.

12 ("parkinson* disease dementia" or PDD).ti,ab.

13 or/1-12

14 Mild Cognitive Impairment/

17.06.17 - 547

4.5.17 - 53
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15 "cognit* impair*".mp.

16 MCI.ti,ab.

17 ACMI.ti,ab.

18 ARCD.ti,ab.

19 SMC.ti,ab.

20 CIND.ti,ab.

21 BSF.ti,ab.

22 AAMI.ti,ab.

23 MD.ti,ab.

24 LCD.ti,ab.

25 QD.ti,ab.

26 AACD.ti,ab.

27 MNCD.ti,ab.

28 MCD.ti,ab.

29 ("N-MCI" or "A-MCI" or "M-MCI").ti,ab.

30 ((cognit* or memory or cerebr* or mental*) adj3 (declin* or los* or deterio-
rat* or degenerat* or complain* or disturb* or disorder*)).ti,ab.

31 "preclinical AD".mp.

32 "pre-clinical AD".mp.

33 ("preclinical alzheimer*" or "pre-clinical alzheimer*").mp.

34 (aMCI or MCIa).ti,ab.

35 ("CDR 0.5" or "clinical dementia rating scale 0.5").ti,ab.

36 ("GDS 3" or "stage 3 GDS").ti,ab.

37 ("global deterioration scale" and "stage 3").ti,ab.

38 (AES or "apathy evaluation scale").ti,ab.

39 (NPI or "neuropsychiatric inventory").ti,ab.

40 "mild neurocognit* disorder*".ti,ab.

41 (prodrom* adj2 dement*).ti,ab.

42 (episodic* adj2 memory).mp.

43 ("preclinical dementia" or "pre-clinical dementia").mp.

44 or/14-43

45 13 or 44

46 Apathy/

47 apathy.ti,ab.

48 apathetic.ti,ab.
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49 Lethargy/

50 lethargy.ti,ab.

51 lethargic.ti,ab.

52 listless*.ti,ab.

53 (detachment or detached).ti,ab.

54 disinterest*.ti,ab.

55 dispassion*.ti,ab.

56 (lack adj3 interest*).ti,ab.

57 (BPSD or "behav* and psychological symptom*").ti,ab.

58 or/46-57

59 45 and 58

60 exp Clinical Trials/

61 randomly.ab.

62 randomi?ed.ti,ab.

63 placebo.ti,ab.

64 groups.ab.

65 "double-blind*".ti,ab.

66 "single-blind*".ti,ab.

67 RCT.ti,ab.

68 or/60-67

69 59 and 68

5. CINAHL (EBSCOhost)

[Date of most recent
search: 4 May 2017]

S1 (MH "Dementia+")

S2 TX dement*

S3 TX alzheimer*

S4 TX "lewy* bod*"

S5 TX DLB OR TX LBD

S6 TX "organic brain disease" or "organic brain syndrome"

S7 TX "benign senescent forgetfulness"

S8 TX "cerebr* deteriorat*"

S9 TX "cerebral* insufficient*"

S10 TX "cerebral* insufficient*"

S11 TX VCI

S12 TX FTD or FTLD or “fronto-temporal” or frontotemporal

S13 TX "parkinson* disease dementia" or PDD

17.06.17 - 239

4.5.17 - 18
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S14 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR
S12 OR S13

S15 TX "cognit* impair*"

S16 TX MCI

S17 TX ACMI

S18 TX ARCD

S19 TX SMC

S20 TX CIND

S21 TX BSF

S22 TX AAMI

S23 TX MD

S24 TX LCD

S25 TX QD

S26 TX AACD

S27 TX MNCD

S28 TX MCD

S29 TX "N-MCI" or "A-MCI" or "M-MCI"

S30 TX "cognit* declin*" OR "cognit* los*" OR "cognit* deteriorat*" OR "cog-
nit* degenerat*" OR "cognit* complain*" OR "cognit* disturb*" OR "cognit*
disorder*" OR "memory declin*" OR "memory los*" OR "memory deteriorat*"
OR "memory degenerat*" OR "memory complain*" OR "memory disturb*"
OR "memory disorder*" OR "cerebr* declin*" OR "cerebr* los*" OR "cerebr*
deteriorat*" OR "cerebr* degenerat*" OR "cerebr* complain*" OR "cerebr*
disturb*" OR "cerebr* disorder*" OR "mental* declin*" OR "mental* los*" OR
"mental* deteriorat*" OR "mental* degenerat*" OR "mental* complain*" OR
"mental* disturb*" OR "mental* disorder*"

S31 TX "preclinical AD"

S32 TX "pre-clinical AD"

S33 TX ("preclinical alzheimer*" or "pre-clinical alzheimer*")

S34 TX (aMCI or MCIa)

S35 TX ("CDR 0.5" or "clinical dementia rating scale 0.5")

S36 TX ("GDS 3" or "stage 3 GDS")

S37 TX ("global deterioration scale" and "stage 3")

S38 TX (AES or “apathy evaluation scale”)

S39 TX (NPI or “neuropsychiatric inventory”)

S40 TX "mild neurocognit* disorder*"

S41 TX "prodrom* dement*"

S42 TX "episodic* memory"
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S43 TX ("preclinical dementia" or "pre-clinical dementia")

S44 (S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24
OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34
OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43)

S45 S14 OR S44

S46 (MH "Apathy")

S47 TX apathy

S48 TX apathetic

S49 TX Lethargy

S50 TX lethargy

S51 TX lethargic

S52 TX listless

S53 TX (detachment or detached)

S54 TX disinterest*

S55 TX dispassion*

S56 TX lack N3 interest*

S57 TX (BPSD or "behav* and psychological symptom*")

S58 (S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55
OR S56 OR S57)

S59 (MH "Randomized Controlled Trials")

S60 TX randomised

S61 TX randomized

S62 AB placebo

S63 AB randomly

S64 AB "double blind*

S65 AB "single blind*

S66 AB RCT

S67 (S59 OR S60 OR S61 OR S62 OR S63 OR S64 OR S65 OR S66)

S68 (S45 AND S58 AND S67)

6. ISI Web of Science –
all databases [includes:
Web of Science (1945-
present); BIOSIS Pre-
views (1926-present);
MEDLINE (1950-
present); Journal Cita-
tion Reports]

[Date of most recent
search: 4 May 2017]

((dement* OR alzheimer* OR "vascular cognitive impairment" OR "lew* bod*"
OR CADASIL OR "cognit* impair*" OR FTD OF FTLD OR "cerebrovascular in-
sufficienc*" OR AD OR VCI)) AND TOPIC: ((Apathy or apathetic or Lethargy or
lethargic or listless* or detachment or detached or disinterest* or dispassion*
or "lack of interest" or BPSD)) AND TOPIC:((randomly OR randomised OR ran-
domized OR "random allocat*" OR RCT OR CCT OR "double blind*" OR "single
blind*" OR "double blind*" OR "single blind*" OR trial))

17.06.17 - 625

4.5.17 - 74

  (Continued)
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7. LILACS (BIREME)

[Date of most recent
search: 4 May 2017]

(alzheimer OR alzheimers OR alzheimer’s OR dementia OR demenc$ [Words]
and Apathy OR apathetic OR Lethargy OR lethargic OR listless$ OR detachment
OR detached OR disinterest$ OR dispassion$ [Words] and randomly OR ran-
domised OR randomized OR RCT OR "controlled trial" OR "double blind$" OR
placebo [Words]

17.06.17 - 0

4.5.17 - 0

8. ClinicalTrials.gov

(www.clinicaltrials.gov)

[Date of most recent
search: 4 May 2017]

dementia OR alzheimers OR cognition OR cognitive | Apathy OR apathetic OR
Lethargy OR lethargic OR listless* OR detachment OR detached OR disinterest*
OR dispassion*

17.06.17 - 51

4.5.17 - 18

9. ICTRP

[Date of most recent
search: 4 May 2017]

Apathy OR apathetic OR Lethargy OR lethargic OR listless* OR detachment OR
detached OR disinterest* OR dispassion* AND dementia OR alzheimers

7

4.5.17 - 0

TOTAL before de-duplication 5295

  (Continued)

 

F E E D B A C K

Comment on Risk of Bias, 10 May 2018

Summary

Comment written by Martin Vuillème

The authors report assessing the risks of bias in accordance with the Cochrane 'Risk of bias' assessment tool. I am concerned the Handbook
guidance wasn't followed appropriately and the risk of bias in included studies was underestimated. As an example, many included RCTs
were deemed at low risk of detection bias due to self-describing themselves as "double-blinded", yet the Cochrane Handbook guidance
points out that [Study reports oPen describe blinding in broad terms, such as ‘double blind’. This term makes it impossible to know who
was blinded (Schulz 2002a). Such terms are also used very inconsistently (Devereaux 2001, Boutron 2005, Haahr 2006), and the frequency
of explicit reporting of the blinding status of study participants and personnel remains low even in trials published in top journals (Montori
2002)]. Similarly, many included RCTs were deemed at low risk of selection bias associated with a random sequence generation due to the
studies including the sentence "Patients randomly assigned to receive" or "patients randomized" yet the Cochrane Handbook guidances
points out that [A simple statement such as ‘we randomly allocated’ or ‘using a randomized design’ is oPen insuKicient to be confident
that the allocation sequence was genuinely randomized. It is not uncommon for authors to use the term ‘randomized’ even when it is not
justified: many trials with declared systematic allocation are described by the authors as randomized. If there is doubt, then the adequacy
of sequence generation should be considered to be unclear.].

Reply

We thank the Publisher and Editor for the opportunity to respond to Martin Vuillème’s letter, which raises concerns about our use of the
Cochrane Handbook when evaluating the risk of bias of the studies included in our review. M Vuillème’s concerns are specifically about
the blinding and randomization aspects of the included studies.

Though the Cochrane Handbook provides instructions on how to assess risk of bias, it also points out that this assessment involves a
degree of subjective judgement. In order to limit subjective bias, we ensured that two authors independently assessed the risk of bias
for each of the studies. Any discrepancies were discussed and resolved with the remaining co-authors. This process is described in the
methods section of the review.

M Vuillème is concerned that the included studies may not be truly randomized. The Handbook advises authors to consider the risk of
material bias, which is bias of suKicient magnitude to have a notable impact on the results/conclusions of the trial. We judged that the
included studies provided suKicient data on randomization and therefore evaluated them as having a low risk of bias on this matter.
Additionally, in all of the included trials, the drug and placebo groups were similar across measured covariates, suggesting successful
randomization.

The text that M Vuillème quoted directly from the Cochrane Handbook (section 8.12.2) refers to the adequacy of blinding. Fortunately the
most recent risk of bias tool on Review Manger allows authors to assess blinding of participants and personnel separately from blinding
of outcome assessors. Therefore, we were able to take both into account when evaluating the risk of bias. M Vuillème refers to an old
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paper which raises concerns about reporting of blinding status in clinical trials (Montori 2002). However, speaking as clinical trialists with a
quarter century of experience, we consider that the clinical trial landscape has changed dramatically over the last decade or two in North
America and Europe. The expectations of journals, and even more particularly, health regulatory agencies, for the conduct and reporting
of results from clinical trials have risen substantially.

M Vuillème’s comments do highlight that there is a subjective element in judgements about risk of bias. However, as the Handbook (section
8.3.1) points out, this is to some extent unavoidable. Overall, our tendency is to believe the statements made by investigators. We would
encourage readers to assess the included studies for themselves.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

In the original protocol, primary and secondary outcome measures were going to be analyzed for all drug comparisons. However,
many studies investigated apathy as a secondary outcome measure only, and thus did not directly target this symptom in their
investigation. Furthermore, as there were a limited number of studies within each drug comparison, investigating apathy as a secondary
outcome measure, meaningful results on safety, overall NPS, cognition, function, clinical deterioration, and dropouts due AEs could
not be interpreted. As such, we have created two Objectives for this meta-analysis. Objectives 1 and 2 investigated the eKicacy of
pharmacotherapies on apathy in studies which investigated this as a primary or a secondary outcome measure respectively.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Alanine  [analogs & derivatives]  [therapeutic use];  Alzheimer Disease  [complications]  [*psychology];  Antidepressive Agents
 [therapeutic use];  Apathy  [*drug eKects];  Azepines  [therapeutic use];  Benzhydryl Compounds  [therapeutic use];  Biphenyl
Compounds  [therapeutic use];  Central Nervous System Stimulants  [adverse eKects]  [*therapeutic use];  Cholinesterase Inhibitors
 [therapeutic use];  Methylphenidate  [adverse eKects]  [therapeutic use];  Modafinil;  Randomized Controlled Trials as Topic; 
Sulfonamides  [therapeutic use];  Valproic Acid  [therapeutic use]

MeSH check words

Humans
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