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Abstract

For the second time in the past 3 years, the EU-US CTAD Task
Force addressed challenges related to designing clinical trials
for agitation in dementia, which is one of the most disruptive
aspects of the condition for both patients and caregivers. Six
recommendations emerged from the Task Force meeting: 1
– Operationalizing agitation criteria established by the IPA;
2 – Combining clinician- and caregiver-derived outcomes as
primary outcome measures; 3 – Using global ratings to define
clinically meaningful effects and power studies; 4 – Improving
the accuracy of caregiver reports by better training and
education of caregivers; 5 – Employing emerging technologies
to collect near real-time behavioral data; and 6 – Utilizing
innovative trial designs and increasing the use of biomarkers to
maximize the productivity of clinical trials for neuropsychiatric
symptoms.
Key words: Neuropsychiatric symptoms, agitation, dementia,
Alzheimer’s disease, clinical trials, NPS outcome measures.

Introduction

A

gitation and other neuropsychiatric symptoms
(NPS) are the most disruptive aspects of
dementia for both patients and caregivers.
They are associated with worse quality of life (1), greater
dementia severity, earlier institutionalization, and
accelerated mortality (2, 3). Despite being a major driver
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of high cost care (4, 5), agitation and other NPS are poorly
understood and inadequately studied. In a populationbased study, agitation in dementia occurred in up to
40% of community-dwelling dementia patients and 80%
of patients living in nursing homes (6). Cross-sectional
studies show somewhat lower prevalence estimates (7).
For persons with mild cognitive impairment (MCI) the
prevalence of agitation is nearly as high, according to
some studies (8). There are no approved pharmacological
treatments for agitation in dementia in the USA and in
Europe and Canada only short-term use of risperidone
is approved for severe persistent physical aggression.
Several medications with conventional and novel
mechanisms of action are in development.
In 2014, the International Psychogeriatric Association
(IPA) published provisional consensus definition for
agitation in cognitive disorders for clinical and research
use. According to this definition, agitation in dementia
is characterized by emotional distress associated with
the presence of at least one of the following: excessive
motor activity, verbal aggression, or physical aggression.
These symptoms must be severe enough to cause
significant impairment in interpersonal relationships,
social functioning, and/or the ability to perform or
participate in activities of daily living. These symptoms
must not be attributable to another psychiatric disorder,
environmental or medical conditions, or the physiological
effects of substance use (9).
Reaching consensus on a definition of agitation in
© Serdi and Springer-Verlag International SAS, part of Springer Nature
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dementia represents an important step towards
identifying new treatments since improved nosology can
reduce heterogeneity in defining target conditions. These
criteria need to be operationalized, so that the clinical
characteristics can be aligned with what is understood
about the biology and phenomenology of agitation in
dementia. This will allow for the selection and assessment
of measures that best capture clinically important
outcomes. With this in mind, the European Union-North
American Clinical Trials in Alzheimer’s Disease Task
Force (EU-US CTAD Task Force) focused its 2017 meeting
in Boston, Massachusetts on finding the best outcome
measure for agitation in dementia trials. This Task Force
comprises an international collaboration of Alzheimer’s
disease (AD) investigators from industry and academia
who meet yearly to review recent progress in developing
effective treatments for AD, and reach agreement on
common clinical trial approaches, while promoting
collaboration and data sharing. The fact that the Task
Force previously addressed some of the challenges in
designing clinical trials for agitation and aggression only
three years ago (10) attests to the importance of this issue.

vulnerability.
The neurobiological mechanisms underlying agitation
in dementia may differ from those that underlie agitation
in other psychiatric diseases such as schizophrenia or
major depressive disorder (15). These differences
likely explain the fact that drugs used to treat NPS in
depression and schizophrenia seem to be less effective
in dementia leading to the need for novel approaches to
treatment mechanism. Notably, the US Food and Drug
Administration (FDA) recently approved pimavanserin
for dementia-related psychosis in Parkinson’s disease,
and this drug is currently in clinical trials to treat both
psychosis and agitation in patients with AD and in a
trial for dementia-related psychosis in multiple types
of neurodegenerative disorders. Pimavanserin is a
selective 5-HT2A receptor inverse agonist. If treatment
responsiveness emerges across dementia causes, this
could open a new window into understanding the
biology and treatment of some NPS.
Neurodegeneration disrupts brain circuitry, resulting
in NPS. In agitation, at least two different circuits are
disrupted (15). These may be the same circuits that are
disrupted in dementia-related apathy, which could
explain how apathy and agitation are closely linked
(16). Further understanding of how these circuits are
disrupted in different patients may provide clues about
patients’ differential response to treatment. Assessment
of circuit function might also play a role as a biomarker to
assess or predict treatment response.
Agitation in dementia is also associated with
alterations in the function of serotonergic, noradrenergic,
cholinergic, and dopaminergic neurotransmitters, related
to neurodegeneration of associated brain nuclei (17).
Neurodegeneration also contributes indirectly to the
emergence of NPS by making patients very vulnerable
to short-term and long-term environmental factors, or
medical comorbidities, and other influences, such that
patients express the impact of these in their behavior.
Understanding the neurophysiological factors that
underlie agitation in dementia should lead to more
effective treatments.
With several medications with novel mechanisms in
development, a question considered by the Task Force
is whether treatment development should continue to
focus on phenomenology or move towards targeting
neurobiologic mechanisms. A focus on phenomenology
may identify those more likely to respond to a specific
treatment; however, the lack of attention to the complex
mechanisms and genetic and environmental factors that
contribute directly and indirectly to symptoms may
ultimately lead to failure to identify underlying processes
that need to be targeted in order to prevent these
disabling NPS. For example, both affective and executive
functions impaired in agitation, suggest that multiple
neural circuits are disrupted. Citalopram primarily
targets the affective phenotype (18).

Overview of Agitation in Dementia
Clinical presentation
In addition to the core symptoms, irritability,
disinhibition, and aberrant motor activity are common.
Moreover, agitation and other NPS fluctuate and overlap.
For example, agitation overlaps with many other NPS,
particularly depression, irritability, and anxiety, but
also apathy (11). These fluctuating symptoms cluster
into predictable groups with complex etiologies (12,
13). Caregivers often notice increased agitation in the
late afternoon and evening, a phenomenon referred to
as “sundowning” (even though it has more to do with
fatigue and sensory experiences than with the sunset).

Biological mechanisms
Agitation may be due to underlying biological
mechanisms or may be a consequence of delirium,
environmental factors, medication, or caregiver
and environmental interactions (14). Distinguishing
the underlying factors that result in agitation – both
biological and environmental -- is important for
treatment decisions. For example, sundowning may be
associated with sleep disturbances, circadian rhythm
disruption, or disorientation. If associated with circadian
rhythm dysfunction, this symptom may be a target for
chronobiologic treatments. Moreover, the underlying
biology that disrupts behavior in persons with AD
interacts with short-term and long-term environmental
factors, medical comorbidities, etc, due to patient
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Available treatments
Treatment options for NPS in AD have been
disappointing. Antipsychotics, anticonvulsants,
benzodiazepines, and antidepressants are frequently
prescribed despite little evidence of efficacy and
an increased risk of adverse side effects. Citalopram,
a selective serotonin reuptake inhibitor (SSRI) is one
apparent success story, since clinical trials showed that
this drug reduces agitation without the negative side
effects associated with other SSRIs (17). Worsening
cognition and cardiac side effects were observed in some
patients on citalopram, potentially limiting usefulness,
although these side effects might be mitigated by using
the S-enantiomer of racemic citalopram (19) A subgroup
analysis investigating the heterogeneity of the treatment
response concluded that patients with moderate agitation
and lower levels of cognitive impairment were more
likely to benefit from citalopram, while those with more
severe agitation and greater cognitive impairment were at
higher risk of adverse responses (20).

Assessing agitation in clinical trials
Choosing the best outcome measure for clinical trials
is key to treatment development for NPS. Over time,
different trials have used different outcome measures, as
no gold standard has previously emerged. Instruments
used to assess agitation in clinical trials include
broad-spectrum scales such as the Neuropsychiatric
Inventory (NPI) (21) and the clinician-rated NPI-C
(22), the Neurobehavioral Rating Scale (NBRS), and the
Behavioral Pathology in Alzheimer’s Disease Rating Scale
(BEHAVE-AD) (23); as well as agitation subscales of these
instruments (NBRS, NPI, and NPI-C) or agitation-focused
scales such as the Cohen-Mansfield Agitation Inventory
(CMAI) (24).
The Neuropsychiatric Inventory (NPI) and its variants
the NPI-Q and NPI-NH (for nursing homes), which is
based on informant report, are widely used but may
miss granularity as they are not designed for use as
free-standing agitation instruments. The NPI-C, the
clinician-rated form of the NPI (22) has a broader range
that includes NPS characteristics of MCI and severe
dementia, high inter-rater reliability, strong convergent
validity for depression (assessed with the Cornell Scale
for Depression in Dementia [CSDD]), psychosis (assessed
with the Brief Psychiatric Rating Scale [BPRS]), apathy
(vs. Apathy Evaluation Scale [AES]), and agitation/
aggression (vs. the CMAI). The main strength of the
NPI-C is that final scoring is based on experienced
clinician ratings and not on subjective caregiver’s input
that include the so called “filter” whereby NPS reported
to affect the patient reflect the caregiver’s mental state
instead (25). NPI-C has been translated into several
languages offering advantages for international multisite trials. Limitations of the NPI-C include its length as
it has twice as many items as the NPI, and takes longer

to complete, and it may be more costly as it must be
administered by a skilled clinician. To date there is a
lack of data concerning the agitation and aggression
components of the NPI-C since this new measure has
been rarely used in cohorts or trials. (Note: NPI-C was
found to be feasible to use in a multi-center trial of scylloinositol for agitation but results have not been published).
Global scales have been widely used in clinical trials of
treatments for NPS including agitation. The Alzheimer’s
Disease Cooperative Study-Clinical Global Impression
of Change (ADCS-CGIC), published in 1997 following
a consensus process involving AD clinicians [26], has
been modified for NPS trials (27, 28). The mADCS-CGIC
uses an interview structure with worksheets to remind
raters to evaluate specific NPS (e.g., depression, apathy,
agitation) as well as the broader dementia. While its
administration is less structured than a rating scale, this is
intentional and allows the focus to be on “gestalt” of the
NPS syndrome being rated. As such, it is less likely pick
up trivial effects that are irrelevant to the clinical setting.
In the Citalopram for Agitation in Alzheimer’s Disease
Study (CitAD), significant improvement compared to
placebo was seen using two instruments as primary
outcome measures -- the mADCS-CGIC and the NBRS-A
(17).
The CMAI is agitation specific and very detailed
although it historically was developed for use in
nursing homes. It covers a range of clinically-relevant
agitation behaviors (not symptoms) and can usually be
administered in 15-20 minutes. Drawbacks include its
subjective nature, since it is administered to caregivers
with no clinician input, and the observation that it
focuses on the assessment of many behaviors seen in
advanced dementia, typically not relevant to outpatients.
In addition, questions remain about what is a clinically
meaningful effect size on the CMAI. In CitAD, CMAI
and the NPI were used as secondary outcome measures,
enabling investigators to compare these measures in
terms of sensitivity to change.

Evidence for a single construct vs. symptom
clusters
CMAI calculates agitation scores using a diverse group
of behaviors, which are grouped into symptom clusters.
Although the manual states that it is not useful to add
all categories to calculate a total score since different
agitated behaviors occur under different circumstances
and in different people, it also indicates that behaviors
may be weighted according to disruptive impact and then
combined (29, 30). The long version’s 29-items tend to
fit models involving 3-4 factors in principal component
analyses: aggressive behavior, physically non-aggressive
behavior, verbally agitated behavior, and/or hiding and
hoarding. The question remains of whether symptom
clusters provide more clinically relevant information for
clinical trials than a total score calculated by summing
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all categories. Further, if a total score is used, should the
factors be weighted differently? Weighting would have to
be clinically determined and take into account the shape
of behavioral trajectories and the clinical importance of
behavioral changes.
Factor analyses from studies in different populations
suggest that CMAI item scores do not cluster in a way
that supports the use of factor (31). In different studies,
different items “load” onto different factors and in some
cases do not load at all or load on more than one factor
(31, 32). If factor scores were to be used as separate
endpoints, claims could be based on any one of those
factors; however, this only makes sense if the different
factors are independent, which is not the case. Since
CMAI items as a whole represent a single construct
(e.g., agitation, aggression), reflect aspects of the IPA
provisional criteria, and have change scores consistent
across factors (31, 32), it is most appropriate to combine
them into a single total CMAI score. Separating factors
may also reduce the power from the convergence of
evidence across multiple domains. Change scores cluster
to a greater extent than endpoint scores, and within
each factor there are items that show significance while
others do not, depending on the study (i.e., there is litle
consistency across studies). For example, using data from
a risperidone study, only change in “hitting behaviors”
was significant in the physical aggression factor (33).
Moreover, this study indicated that the biggest predictor
of which items will show significance in treatment effects
is how big the placebo effect is; thus signal-to-noise in the
placebo group negatively predicts treatment effect (32).

Conclusions
To accelerate development of improved treatments for
agitation, novel measures are needed to better capture
behaviors that are of most concern to patients and
caregivers. Operationalizing the IPA criteria is a needed
first step, for diagnosis and to establish entry criteria for
clinical studies. Some Task Force members advocated
developing a single measure that reflects agitation
as a unitary phenomenon. Since the development of
new scales from whole cloth will result in additional
regulatory challenges the consensus was that the best
approach moving forward is to use existing datasets to
construct an evidence-based single novel measure of
agitation by selecting item subsets of existing scales (e.g.,
NPI-C or CMAI) that best reflect the IPA criteria and the
situations in which agitation occurs. These data sets may
include critical descriptors of setting, demographic or
clinical characteristics, disease severity which could be
used to improve sensitivity of outcomes for specific trials.
[Recommendation #1].
The Task Force agreed that since clinician-derived
and caregiver-reported assessments have overlapping
strengths primary outcome measures in agitation trials
should combine the two as is the case with mADCS or

NPI-C, with secondary outcomes focusing on caregiver
report alone, as with CMAI or NPI [Recommendation #2].
Further, global ratings should be used to define
clinically meaningful effect sizes and to power studies
[Recommendation #3]. This will mitigate concerns
about defining meaningful benefit based on individual
symptoms that are not relevant to the specific care
setting. It will also streamline trials by supporting the use
of smaller samples sizes and making “no-go” decisions
easier.
Better engagement of caregiver-informants is critical
to future treatment development [Recommendation #4].
Caregivers play an important role in the management of
NPS. They not only feel the consequences of disruptive
behaviors but may also be the cause of those behaviors.
Giving caregivers a greater voice in management and
treatment development should be coupled with efforts to
improve data quality. To improve accuracy of caregiver
reports it is essential to reduce the effects of inexperience
and subjectivity (e.g., the caregiver “filter”). To this end,
caregivers should be trained to understand what is meant
by the term “agitation” and about the phenotype of
individual symptoms which may provide data that is
more valid and has less inherent variance.
Collection of near real-time data on agitation
symptoms through briefer more frequent (e.g., daily) data
collection contacts or caregiver diaries should be pursued.
Technology may offer novel solutions for this objective,
for example, by using digital assistants to remind people
to submit assessments [Recommendation #5].
Critical improvements in clinical trial design should be
implemented to ensure the provision of high quality care
and to minimize placebo responses [Recommendation
#6]. Trials should use systematic approaches to ensure
that non-pharmacologic therapies have been considered
prior to enrolling patients in medication trials (e.g, the
DICE (Describe, Investigate, Create, Evaluate) approach
(14)). Further, to exclude participants who do not need
to be on medication, a placebo lead-in or withdrawal
design should be considered. In clinical trials for severe
agitation, there has been a strong bias for not selecting
people who are easier to manage, although these patients
may be less responsive to medication.
In the future, assessing levels of agitation or response
to treatment could be improved through the use of
biomarkers. The fact that agitation reflects multiple
biological pathways suggests that multiple types of
biomarkers – genetic, pharmacogenetic, proteomic,
and performance – will be needed. In clinical and
observational studies, these biomarkers will need to be
validated in populations with a range of behaviors and in
different settings.
Since agitation has multiple causes and mechanisms,
there is no simple, single, or unique treatment. This
observation demands that treatment development
move towards better understanding the causes of
agitation, including neurobiological factors, and the
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interaction with patient factors (e.g, dementia severity,
co-morbidities), and environmental factors. Since
different phenotypes may reflect different types of
agitation addressing causes should precede treating the
symptoms. Ultimately, the field should coalesce around
the development of sequential algorithms that combine
“eco-psycho-social” with pharmacologic treatments for
agitation, and by extension for all NPS.
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