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Behavioral and psychological symptoms of dementia (BPSD) afflict the vast majority of 
patients with dementia, especially those with Alzheimer’s disease (AD). In clinical settings, 
patients with BPSD most often do not present with just one symptom. Rather, clusters 
of symptoms commonly co-occur and can, thus, be grouped into behavioral domains 
that may ultimately be the result of disruptions in overarching neural circuits. One major 
BPSD domain routinely identified across patients with AD is the hyperactivity–impulsivity–
irritiability–disinhibition–aggression–agitation (HIDA) domain. The HIDA domain represents 
one of the most difficult sets of symptoms to manage in AD and accounts for much of 
the burden for caregivers and hospital staff. Although many studies recommend non-
pharmacological treatments for HIDA domain symptoms as first-line, they demonstrate 
little consensus as to what these treatments should be and are often difficult to implement 
clinically. Certain symptoms within the HIDA domain also do not respond adequately 
to these treatments, putting patients at risk and necessitating adjunct pharmacological 
intervention. In this review, we summarize the current literature regarding non-
pharmacological and pharmacological interventions for the HIDA domain and provide 
suggestions for improving treatment. As epigenetic changes due to both aging and AD 
cause dysfunction in drug-targeted receptors, we propose that HIDA domain treatments 
could be enhanced by adjunct strategies that modify these epigenetic alterations and, 
thus, increase efficacy and reduce side effects. To improve the implementation of non-
pharmacological approaches in clinical settings, we suggest that issues regarding 
inadequate resources and guidance for implementation should be addressed. Finally, 
we propose that increased monitoring of symptom and treatment progression via novel 
sensor technology and the “DICE” (describe, investigate, create, and evaluate) approach 
may enhance both pharmacological and non-pharmacological interventions for the 
HIDA domain.

Keywords: behavioral and psychological symptoms, dementia, Alzheimer’s disease, non-pharmacological 
treatment, pharmacological intervention

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2019.01109
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology/
http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2019.01109&domain=pdf&date_stamp=2019-09-27
https://creativecommons.org/licenses/by/4.0/
mailto:h-dong@northwestern.edu 
https://doi.org/10.3389/fphar.2019.01109
https://www.frontiersin.org/article/10.3389/fphar.2019.01109/full
https://www.frontiersin.org/article/10.3389/fphar.2019.01109/full
https://www.frontiersin.org/article/10.3389/fphar.2019.01109/full
https://www.frontiersin.org/article/10.3389/fphar.2019.01109/full
https://www.frontiersin.org/article/10.3389/fphar.2019.01109/full
https://loop.frontiersin.org/people/636149
https://loop.frontiersin.org/people/736977


HIDA Domain in Alzheimer’s DiseaseKeszycki et al.

2 September 2019 | Volume 10 | Article 1109Frontiers in Pharmacology | www.frontiersin.org

INTRODUCTION

Though dementia encompasses an array of neurodegenerative 
conditions and is characterized by a progressive decline in 
cognitive functions and ability to execute activities of daily 
living (Prince et al., 2013), severe behavioral and psychological 
symptoms of dementia (BPSD) are nearly universal in these 
patients. For instance, in Alzheimer’s disease (AD), which 
represents 60–80% of all dementias (Alzheimer’s Association, 
2016), over 90% of patients display BPSD, including depression, 
anxiety, apathy, agitation and aggression, disinhibition, 
delusions, hallucinations, irritability and emotional lability, 
euphoria, and aberrant motor, sleep, and eating behaviors 
(Kales et al., 2019). These symptoms may present before 
clinically significant memory decline and are correlated with 
a greater likelihood of conversion to AD from mild cognitive 
impairment (MCI) (Serra et al., 2010). Overall, BPSD are 
associated with decreased quality of life, increased cognitive and 
functional decline, greater likelihood of institutionalization, 
and heightened risk of mortality (Gilley et al., 2004; Scarmeas 
et al., 2005; Wilson et al., 2006; Gaugler et al., 2009; Rowe et al., 
2009). Moreover, these symptoms are correlated with greater 
direct and indirect costs as well as higher caregiver burden 
(Clyburn et al., 2000; Allegri et al., 2006; Herrmann et al., 2006).

Given the high prevalence of BPSD in neurodegenerative 
patients, clinical instruments to aid in BPSD assessment are 
essential. To date, there are more than 80 instruments for 
measuring BPSD (van der Linde et al., 2014b). Patients in the 
earlier stages of dementia may answer some of these measures 
via self-report, but as cognitive decline progresses, it is more 
common for clinicians, caregivers, or informants to complete 
these instruments based on their observations of patients’ 
BPSD (Conn and Thorpe, 2007). Of the measures available, the 
Neuropsychiatric Inventory (NPI) is most commonly used in 
both research and clinical settings (Conn and Thorpe, 2007; 
van der Linde et al., 2014b). The NPI provides information 
about the frequency and severity of patients’ overall BPSD and 
subdomains of symptoms (e.g., agitation and aggression) as 
well as an indication of caregiver distress. While the NPI was 
designed to assess BPSD across various forms of dementia, 
the Behavioral Pathology in AD Rating Scale (BEHAVE-AD) 
was specifically developed to measure global BPSD in patients 
with AD (Jeon et al., 2011; van der Linde et al., 2014b). The 
BEHAVE-AD is the second most cited assessment of global 
BPSD in the literature, and it provides information about the 
severity of a patient’s global and specific BPSD symptoms. 
Although measures of overall BPSD can provide insight into 
the presence and extent of specific symptoms, there are also 
numerous instruments designed to examine these in depth. 
Examples of symptom-specific measures include the Overt 
Aggression Scale (OAS) for irritability and aggression and the 
Cohen-Mansfield Agitation Inventory (CMAI) for agitation. 
Although these instruments were not originally created to 
assess these symptoms in patients with dementia, they are 
currently the most widely used instruments in the literature for 
measuring irritability, aggression, and agitation in the context 
of BPSD.

Clinical presentations of BPSD across patients vary widely due 
to baseline individual differences, dementia type, and severity of 
cognitive decline (Jeste et al., 2006; Petrovic et al., 2007; Azermai, 
2015). Overall, however, BPSD tend to cluster into “domains,” 
as certain symptoms show high frequencies of co-occurrence 
(Jeste et al., 2006; Azermai, 2015). Indeed, numerous researchers 
and clinicians conceptualize symptom domains for BPSD (Jeste 
et al., 2006; Azermai, 2015) and have suggested that there is a 
high likelihood of common underlying molecular and cellular 
pathologies for symptoms in each domain (Aalten et al., 2003; Jeste 
et al., 2006; Aalten et al., 2007; Aalten et al., 2008). One systematic 
analysis of 62 studies utilizing unbiased clustering approaches, 
such as principal component, factor, latent class, or cluster analysis, 
on behavioral data from participants with dementia routinely 
identified specific BPSD domains across studies, including affective 
domain, apathy domain, psychosis domain, euphoria domain, and 
hyperactivity–impulsivity–irritiability–disinhibition–aggression–
agitation (HIDA) domain (van der Linde et al., 2014a).

The HIDA domain, in particular, represents one of the most 
difficult sets of symptoms to manage in AD, accounts for much of 
the burden for caregivers and hospital staff, and represents an area 
of special concern regarding safety (Fuh et al., 2001; Rymer et al., 
2002; Nguyen et al., 2008; Fauth and Gibbons, 2014). Aggression 
is correlated with an increased risk of self-injurious behavior 
(Gilley et al., 2004; de Jonghe-Rouleau et al., 2005). Impulsivity and 
impaired executive functioning are related to increased wandering 
and disorientation, which can in turn put patients at an increased 
risk for falls and mortality (Chiu et al., 2004). As a result of these 
risks and their impact on caregivers, patients with severe HIDA 
domain symptoms are more likely than those with other BPSD to 
be institutionalized and put in restraints (Matteson and Linton, 
1996; Gilley et al., 2004). Further, a 2016 meta-analysis suggested 
these symptoms are common, revealing that individual symptoms 
within the HIDA domain occur at a prevalence rate of 17% to 40% 
in patients with AD (Fauth and Gibbons, 2014, Zhao et al., 2016). 
These symptoms are often more prevalent as patients can no longer 
be cared for at home, and rates of aggression and agitation may be 
as high as 60% in care facilities (Margallo‐Lana et al., 2001).

In this review, we focus on the HIDA domain from the likely 
pathophysiology to symptom management, including non-
pharmacological and pharmacological interventions. Regarding 
treatment for the HIDA domain, most studies have focused on 
reducing aggression and agitation, with no or very few studies 
focusing on the treatment of aberrant motor activity, irritability, 
impulsivity, or disinhibition directly. Therefore, this review 
summarizes current trends in treating agitation and aggression 
specifically, noting the non-pharmacological and pharmacological 
trends in management as well as future directions that may yield 
newer strategies for improved patient care.

PATHOPHYSIOLOGY OF THE 
HIDA DOMAIN

Though the specific molecular mechanisms that lead to HIDA 
domain symptoms are generally unknown, pathology and 
human imaging studies have provided some insight into this 
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domain’s pathophysiology. At first, the HIDA domain may seem 
like a disparate set of aberrant motor dysfunctions and behavioral 
states, but these symptoms all represent a common deficit in the 
appropriate inhibition of one’s actions. Mirroring this common 
deficit, very similar neurocircuitry is implicated for all of these 
symptoms, namely, loss of corticostriatal control and reduction 
in neurotransmission of far-reaching monoaminergic inputs 
that modulate this corticostriatal circuitry (Coccaro et al., 2011; 
Blair, 2016; Waltes et al., 2016; Dalley and Robbins, 2017). While 
specific investigation into the symptoms of the HIDA domain in 
AD has been limited, similar brain regions are usually implicated 
(Rosenberg et al., 2015).

More specifically, frontal cortical brain areas such as the 
orbitofrontal cortex, the ventromedial prefrontal cortex, and 
anterior cingulate cortex interact with the ventral and dorsal 
striatal nuclei, mediating inhibition of impulsive thoughts and 
motor responses, respectively (Coccaro et al., 2011; Whelan 
et al., 2012; Hoptman, 2015; Blair, 2016; Dalley and Robbins, 
2017; Leclerc et al., 2018). In addition, areas like the amygdala, 
periaqueductal gray, anteroventral medial hypothalamus, lateral 
septum, ventral hippocampus, and medial preoptic nucleus 
promote impulses for certain behaviors (Coccaro et al., 2011; 
Hoptman, 2015; Blair, 2016; Dalley and Robbins, 2017; Leclerc 
et al., 2018). In terms of monoaminergic pathways, serotonin, 
norepinephrine, and dopamine are all implicated in these 
impulsive tendencies, and multiple genetic studies have implicated 
receptors and enzymes involved in these signaling pathways as 
influencing the presentation of these behaviors (Waltes et al., 
2016). In AD, reductions in cholinergic and serotonergic markers 
have been reproducibly associated with agitation and aggression 
(Rosenberg et al., 2015). In terms of AD pathology, increased 
pS396 tau in Brodmann area 9 was associated with increased 
agitation and aggression (Guadagna et al., 2012), suggesting that 
increased phosphorylated tau in specific frontal cortical regions 
may lead to loss of inhibitory control over one’s actions.

Interestingly, the brainstem monoaminergic nuclei—especially 
the serotonergic dorsal raphe nucleus and noradrenergic locus 
coeruleus—are some of the first to degenerate in AD, suggesting 
that loss of normal function in these regions may underlie some 
symptoms within the HIDA domain in the early stages of the 
disease (Parvizi et al., 2001; Lyness, 2003; Šimić et al., 2017). Some 
degeneration in the mesolimbic dopamine circuitry has also been 
described and may contribute to these symptoms (Lyness, 2003; 
Nobili et al., 2017; D’Amelio et al., 2018). Comparatively, later 
spread of pathology to frontal cortical areas may lead to more 
severe symptoms within the HIDA domain at later stages of AD, 
as spread of AD pathology tends to progress from the ventral to 
dorsal cortical areas (Braak and Braak, 1991; Šimić et al., 2017). 
Though speculative, these represent two complementary pathways 
of neurodegeneration that may underlie HIDA domain symptoms.

NON-PHARMACOLOGICAL TREATMENT 
APPROACHES

Dementia treatment guidelines assert that non-pharmacological 
approaches are first-line for mild or moderate HIDA domain 

symptoms that do not compromise the patient’s immediate safety 
(American Geriatrics Society and American Association for 
Geriatric Psychiatry, 2003). Unlike drug treatments for BPSD, 
which tend to carry a high risk of side effects for elderly patients, 
the side effects for psychosocial interventions are minimal (Sink 
et al., 2005; Konovalov et al., 2008; Coupland et al., 2011; Brodaty 
and Arasaratnam, 2012). There are an extensive number of non-
pharmacological interventions available that vary greatly in their 
effectiveness in terms of target symptoms (Livingston et al., 2005; 
Azermai et al., 2012; Azermai, 2015; Tible et al., 2017; Legere 
et al., 2018). This section will describe how treatments rooted 
in psychological theory can be tailored towards patients with 
dementia to ameliorate HIDA domain symptoms. Moreover, it 
will outline a number of sensory stimulation and bodily activation 
techniques that are independent of theoretical orientation yet can 
be implemented to treat the HIDA domain as well. For a succinct 
overview of the non-pharmacological interventions discussed in 
this section, refer to Table 1.

Person-Centered Interventions
Person-centered care focuses on techniques that value dementia 
patients as individuals, assess and meet personal needs, view 
the world from patients’ perspectives, and facilitate positive 
relationships and communications (Brooker, 2003). Two 
randomized controlled trials (RCTs) exploring the effects of 
staff-training programs in person-centered care revealed that 
these programs resulted in significant reductions in patients’ 
agitation and aggression (Sloane et al., 2004; Chenoweth et al., 
2009). Another RCT in which care staff received training 
in person-centered care demonstrated that this approach 
significantly reduced the extent to which patients were 
prescribed antipsychotics, a common agent used to treat HIDA 
domain symptoms (Fossey et al., 2006). However, there was 
no difference between groups in scores on the CMAI or in 
instances of aggression. This suggests that person-centered 
approaches may have modest benefits in reducing the severity of 
agitation and aggression, likely prolonging or negating the use of 
pharmacological alternatives.

Within the umbrella of person-centered care techniques, 
various approaches and therapies have been studied individually 
for reducing HIDA domain symptoms. One of these approaches 
is needs-driven care in which assessing and addressing patients’ 
needs is postulated to prevent agitation and aggression. In a needs-
driven approach, care providers analyze the contexts in which 
disruptive behaviors occur to determine if these behaviors are an 
expression of patients’ unmet needs and seek to address them. 
Thus, a number of RCTs have examined the effects of needs-driven 
approaches in ameliorating BPSD (Kovach et al., 2006; Cohen-
Mansfield et al., 2007; Husebo et al., 2011; Cohen-Mansfield et al., 
2012). Some RCTs have found that broadly addressing patients’ 
unmet needs is associated with significant decreases in agitation 
during the intervention period (Cohen-Mansfield et al., 2007; 
Cohen-Mansfield et al., 2012). Studies examining the effects of 
addressing pain needs specifically have revealed mixed, short-
term results in ameliorating general disruptive behaviors and 
symptoms of agitation (Kovach et al., 2006; Husebo et al., 2011). 
However, research has failed to demonstrate long-term, significant 
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TABLE 1 | Non-pharmacological interventions for BPSD.

Person-centered and Behavioral Interventions 

Intervention Definition Studies Efficacy

Person-Centered Care Valuing patients with dementia, assessing 
and meeting their individual needs, 
viewing the world from their perspective, 
and promoting positive relationships and 
communications (Brooker, 2003)

Sloane et al., 2004
Fossey et al., 2006
Chenoweth et al., 2009

- Training programs are generally effective 
for reducing agitation, aggression, and 
antipsychotic use

Needs-Driven Approaches Analyzing the context of patients’ BPSD 
to determine and address unmet needs 
(Cohen-Mansfield et al., 2007) 

Kovach et al., 2006
Cohen-Mansfield et al., 2007
Husebo et al., 2011
Cohen-Mansfield et al., 2012

- Addressing patients’ overall unmet needs 
leads to significant reductions in agitation 
during the intervention period
- Attending to pain needs specifically has 
mixed short-term efficacy on agitation with no 
evidence for long-lasting benefits

Validation Therapy Encouraging patients with dementia to 
express their feelings and legitimatizing 
these communications regardless of quality 
or content (Toseland et al., 1997)

Toseland et al., 1997
Deponte and Missan, 2007

- Only one study on HIDA domain symptoms
- No evidence for a significant benefit over 
other psychotherapies nor translation to 
clinical outcomes

Reminiscence Therapy Using prompts to stimulate memories 
that patients have intact, allowing them to 
re-experience and share these memories 
(Tadaka and Kanagawa, 2007)

van Diepen et al., 2002
Tadaka and Kanagawa, 2007
Van Bogaert et al., 2016
O’Shea et al., 2014

- No evidence for that this therapy produces 
significant reductions in HIDA domain 
behaviors 

Reality Orientation Therapy Repeating orienting information (e.g., time, 
location, date, or weather) over a prolonged 
period of time each day to patients (Wallis 
et al., 1983)

Hanley et al., 1981
Wallis et al., 1983
Baldelli et al., 1993
Onder et al., 2005

- No evidence for efficacy in reducing overall 
BPSD
- RCTs have not examined HIDA domain 
behaviors specifically

Simulated Presence Therapy 
(Family Presence Therapy)

Presenting patients with audiotapes or 
videotapes of loved ones recounting 
pleasant, autobiographical memories to 
increase the familiarity of the environment 
(Woods and Ashley, 1995)

Camberg et al., 1999
Garland et al., 2007

- Mixed efficacy findings for ameliorating 
HIDA domain
- No evidence for lasting effects

Behavior Management Identifying problematic behaviors and 
modifying the environment in ways that 
discourage them while promoting positive 
behaviors (Gormley et al., 2001)

Suhr, 1999
Teri et al., 2000
Gormley et al., 2001
Weiner et al., 2002
Burgio et al., 2002
Huang et al., 2003

- Therapist-conducted behavioral management 
significantly reduces overall BPSD
- Informal, caregiver-conduced behavioral 
management generally does not produce 
significant, long-term reductions in HIDA 
domain symptoms

Cognitive Behavioral Therapy 
(CBT)

Addressing maladaptive interactions 
between thoughts, emotions, and behaviors 
via therapeutic experiences and coping skills 
tailored towards patients with dementia 
(Spector et al., 2015)

Marriott et al., 2000
Akkerman, 2004
Kurz et al., 2012
Kwok et al., 2014
Spector et al., 2015

- Generally effective in decreasing overall 
BPSD and symptoms within the affective 
domain, such as depression
- Some evidence for long-lasting effects
- No RCTs conducted on the HIDA domain 

Staff and Informal Caregiver 
Psychoeducation

Educating caregivers or staff about dementia 
and BPSD, including how to cope with and 
manage stressful situations and problematic 
behaviors (Livingston et al., 2005)

McCallion et al., 1999
Hébert et al., 2003
Hepburn et al., 2007
Deudon et al., 2009

- Effective in reducing caregiver burden, 
overall BPSD, and agitation

Sensory stimulation interventions

Intervention Definition Studies Efficacy

Aromatherapy Eliciting olfactory stimulation via essential 
oils with or without therapeutic touch 
(Yoshiyama et al., 2015)

Smallwood et al., 2001
Ballard et al., 2002
Holmes et al., 2002
Snow et al., 2004
Lin et al., 2007
Burns et al., 2011
Fu et al., 2013
O’Connor et al., 2013

- Inconsistent effect on agitation across 
studies with a trend towards insignificant or 
absent benefits

Massage or Therapeutic Touch Applying pressure with the hands to 
certain parts of a patient’s body (e.g., 
hands or feet) using a slow, stroking 
motion (Suzuki et al., 2010)

Smallwood et al., 2001
Remington, 2002
Hicks-Moore and Robinson, 2008
Fu et al., 2013
Moyle et al., 2014

- Mixed findings regarding effect on agitation
- No evidence for a significant benefit over 
other sensory stimulation approaches

(Continued)
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reductions in HIDA domain symptoms relative to usual care once 
needs-based interventions end (Husebo et al., 2011). Future studies 
should clarify which aspects and types of needs-driven care are 
most beneficial in ameliorating agitation and aggression in patients 
with dementia. Given that addressing unmet needs has generally 
delivered promising short-term results, future research should also 
focus on how to implement needs-driven approaches on a more 
continual basis to elicit long-term benefits (Cohen-Mansfield et al., 
2007; Cohen-Mansfield et al., 2012; Husebo et al., 2011).

Promoting positive social interactions and meaningful 
relationships is also central to person-centered care. As dementia 
progressively compromises patients’ communication abilities, 
attempts to communicate may manifest as agitated and aggressive 
behaviors (Ragneskog et al., 1998). Validation therapy purports 
that BPSD have latent causes and that communications from 
patients with dementia are meaningful regardless of aberrant 
content or expression (Dietch et al., 1989). Patients can become 
withdrawn or agitated when they feel disregarded; thus, therapists 
performing validation therapy practice empathy towards patients 
with dementia, encourage them to express their feelings, and 
legitimatize these communications (Feil, 1982; Dietch et al., 1989; 
Toseland et al., 1997). There have not been many high-quality 
RCTs of validation therapy, and only one RCT has examined 
the impact of validation therapy on HIDA domain symptoms 
(Toseland et al., 1997). In comparison with social contact or with 
usual care, this intervention led to significant decreases in nurses’ 
ratings of patients’ physical and verbal aggression. However, these 
differences did not translate to other clinical outcomes such as 
frequency of physical restraint use, psychotropic delivery, or time 

spent intervening due to difficult behavior. Validation therapy, 
therefore, has the potential to reduce the perceived severity of 
HIDA domain symptoms, but there is no evidence yet that this 
intervention translates to other clinical outcomes nor superior to 
other non-pharmacological approaches. Thus, this approach may 
benefit from additional research aimed at identifying how and why 
benefits in clinical ratings fail to transfer into tangible outcomes.

Reminiscence therapy is a second approach that aims to 
promote positive social interactions and communications with 
patients who have dementia. It involves stimulating old memories 
with prompts such as photographs or songs, emphasizing intact 
cognitive abilities, and encouraging patients to share their 
memories with others (Tadaka and Kanagawa, 2007). One small 
RCT demonstrated that both validation therapy and reminiscence 
therapy significantly reduced overall BPSD scores as measured 
by the NPI in patients compared with patients receiving no 
treatment (Deponte and Missan, 2007). Moreover, reminiscence 
therapy led to significantly improved cognitive functioning 
and performance of activities of daily living in this study than 
did validation therapy. However, in RCTs specifically focusing 
on the HIDA domain, reminiscence therapy has not produced 
significant reductions in these behaviors nor significant increases 
in life quality (van Diepen et al., 2002; Tadaka and Kanagawa, 
2007; O’Shea et al., 2014; Van Bogaert et al., 2016).

One of the first psychological therapies that drew on person-
centered approaches for dementia patients was reality orientation 
therapy (Bowlby, 1991; Spector et al., 2000), which involves 
repeating orienting information, such as the date or the weather, 
over a prolonged period of time each day (Wallis et al., 1983). 

TABLE 1 | Continued

Sensory Stimulation Interventions

Intervention Definition Studies Efficacy

Music Therapy Listening or actively participating in music 
in a controlled therapeutic environment 
in order to accomplish treatment goals 
(Pedersen et al., 2017)

Remington, 2002
Garland et al., 2007
Raglio et al., 2008
Cooke et al., 2010
Sung et al., 2012
Sánchez et al., 2016b

- Most studies do not show a significant 
positive effect over other non-
pharmacological approaches
- Most studies do not provide evidence of 
long-term benefits

Light Therapy Providing a source of artificial light for a 
period of time during the day or night 

Ancoli-Israel et al., 2003
Dowling et al., 2007
Burns et al., 2009

- Ineffective in producing clinically significant 
reductions in agitation and hyperactivity in 
patients with dementia

Multisensory Stimulation 
Therapy/Snoezelen Therapy

Using various stimuli to activate multiple 
senses, facilitating patients’ interaction with 
their environment in a non-directive way 
that requires few intellectual and physically 
demands (Sánchez et al., 2016a)

Robichaud et al., 1994
Baker et al., 2001
van Diepen et al., 2002
Baker et al., 2003
Baillon et al., 2004
Sánchez et al., 2016a

- Mixed findings on ability to significantly 
reduce agitation and aggression
- No evidence for a significant benefit over 
other sensory stimulation approaches
- Most studies do not support long-term 
efficacy

Physical Activity Usually walking and/or muscle training (Tible 
et al., 2017)

Alessi et al., 1999
Cott et al., 2002
Rolland et al., 2007
Eggermont et al., 2010
Lowery et al., 2014

- Most evidence shows that physical activity 
does not have a positive, significant impact 
on nighttime restlessness, daytime activity, 
irritability, or overall BPSD

Therapeutic Activities Engaging patients in meaningful activities 
such as playing games, completing puzzles, 
or reading 

Baker et al., 2001
Buettner and Fitzsimmons, 2002
Fitzsimmons and Buettner, 2002
Kolanowski et al., 2011

- Mixed findings regarding efficacy for 
reducing agitation
- No evidence for lasting benefits

BPSD, behavioral and psychological symptoms of dementia; HIDA, hyperactivity–impulsivity–irritiability–disinhibition–aggression–agitation.
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This approach aims to re-orient patients with dementia to their 
environments and to increase their engagement (Bowlby, 1991). 
The literature contends that reality orientation therapy should 
occur within a person-centered framework in which care providers 
facilitate positive, quality interactions with patients rather than 
simply providing information (Dietch et al., 1989). Likewise, case 
examples illustrate that reality orientation delivered mechanically 
may actually increase agitation and aggression in some patients 
with dementia (Dietch et al., 1989). RCTs utilizing reality 
orientation therapy have demonstrated mild, short-term cognitive 
improvements; however, they have not shown that it elicits a 
significant reduction in overall BPSD (Hanley et al., 1981; Wallis 
et al., 1983; Baldelli et al., 1993; Onder et al., 2005). Unfortunately, 
one frequent method of delivering reality orientation therapy 
utilizes a classroom approach (Bowlby, 1991), but patients who 
exhibit aggressive symptoms or wandering are often excluded due 
to concerns about managing disruptions in a classroom setting 
(O’Connell et al., 2007). Consequently, no studies have specifically 
examined the effects of reality orientation therapy on behaviors 
within the HIDA domain. In addition, despite the immediate 
popularity of reality orientation therapy following its creation in 
the mid-1960s, its use has decreased substantially in recent decades 
due to the formulation of other approaches (Spector et al., 2000).

Similar to reality orientation therapy, simulated presence therapy 
attempts to make the environment less foreign for patients with 
dementia. Simulated presence therapy—sometimes called family 
presence therapy—presents patients with audiotapes or videotapes 
of loved ones recounting pleasant, autobiographical memories 
(Woods and Ashley, 1995). As opposed to reminiscence therapy 
in which care providers use prompts to elicit memories and to 
facilitate communication, the goal of simulated presence therapy is 
to minimize distress by increasing the familiarity of the environment 
with the simulated presence of a family member. Some studies 
demonstrate significant yet short-lasting reductions in verbal and 
physical aggression during therapy sessions (Garland et al., 2007). 
However, other studies have failed to demonstrate similar reductions 
in patients’ agitation (Camberg et al., 1999). Thus, research findings 
regarding simulated presence therapy have been mixed, and there is 
no evidence that this intervention leads to long-term benefits.

Behavioral Interventions
As described, person-centered care involves tailoring patients’ 
environments and treatments to align them better with individual 
values, needs, and perspectives. By increasing patients’ congruence 
with their surroundings, this approach aims to reduce BPSD by 
increasing patients’ quality of life, promoting positive feelings 
and experiences, and facilitating healthy social interactions and 
relationships. In contrast, the goal of behavioral interventions is 
to identify specific, problematic stimuli or situations that may 
be eliciting disruptive behaviors from a patient with dementia. 
Moreover, therapists teach caregivers and dementia patients specific 
strategies for lessening the frequency of these disruptive behaviors. 
Behavioral interventions for BPSD most prominently include 
behavior management and cognitive behavioral therapy (CBT).

Behavioral management strategies presume that disruptive 
behaviors in patients with dementia are due to maladaptive 

interactions between patients and their environment as a result 
of AD (Gormley et al., 2001). Thus, behavioral management 
techniques aim to identify the contexts in which problematic 
behaviors occur and to modify the environment to decrease the 
likelihood of these behaviors. One RCT focusing on therapist-
conducted behavior management demonstrated significant 
reductions in overall BPSD as assessed with the NPI (Suhr, 1999). 
Behavioral management RCTs targeting the HIDA domain 
generally involve teaching caregivers to employ corresponding 
strategies in more informal settings (Teri et al., 2000; Gormley 
et al., 2001; Burgio et al., 2002; Weiner et al., 2002; Huang et al., 
2003). Two of these studies showed some significant benefits 
of informal behavior management on agitation symptoms; 
however, there was no evidence that this effect persisted beyond 
intervention completion, and the majority of studies did not 
elicit similar positive results. Given the success of professionally 
administered behavior management on global BPSD, future 
studies examining the effects of formal behavior management on 
the HIDA domain may produce more positive results.

While behavioral management techniques focus solely on 
adjusting a patient’s environment to lessen the frequency of 
disruptive behaviors, CBT is more complex in that it teaches 
patients skills to address maladaptive interactions between their 
thoughts, emotions, and behaviors (Spector et al., 2015). Although 
CBT involves a learning component, there is evidence that some 
patients with dementia can acquire new skills with cognitive 
training despite impairment (Spector et al., 2003). Moreover, 
therapists can modify the content of the skills they teach and the 
methods they use to deliver them in ways that are compatible with 
the diminished cognitive function in dementia (Stanley et al., 
2013). While several RCTs have shown that CBT can significantly 
decrease overall BPSD and lead to long-lasting reductions in 
affective domain symptoms, namely, depression (Marriott et al., 
2000; Kwok et al., 2014; Spector et al., 2015), some research has 
not demonstrated that CBT has significant benefits on patients’ 
behavioral disturbances (Kurz et al., 2012). Additionally, there 
have been no studies that have directly implicated its use for 
aggression or agitation. Therefore, research into the efficacy of 
CBT in treating HIDA domain symptoms is needed.

Caregiver and staff psychoeducation targeted towards BPSD 
goes beyond education in person-centered care or behavioral 
interventions in that it provides information about dementia and 
effective coping, communication, and behavioral management 
strategies (Livingston et al., 2005). Although studies have 
examined the sole effects of psychoeducation programs on 
BPSD, elements of this approach relate to both person-centered 
and behaviorally oriented interventions and can, thus, be used 
in combination with the other non-pharmacological strategies 
described above. RCTs have consistently demonstrated that 
dementia-related psychoeducation reduces BPSD and perceived 
caregiver burden (McCallion et al., 1999; Hébert et al., 2003; 
Hepburn et al., 2007). Moreover, staff education programs can 
significantly reduce agitation among nursing home residents 
with dementia (Deudon et al., 2009). Thus, on an institutional 
level, psychoeducation of caregivers and staff is one of the most 
effective ways to reduce HIDA domain symptoms.
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Sensory Stimulation Interventions
Patients with dementia who are socially isolated, inactive, or 
bored demonstrate increased verbally disruptive behavior and 
excess motor activity (Cohen-Mansfield, 2000; Cohen-Mansfield 
et al., 2015). Thus, the goals of sensory stimulation techniques 
are to reduce these behaviors by increasing engagement and 
alertness (Strøm et al., 2016). These interventions can activate 
either a single sensory modality or multiple sensory modalities 
within a session. Approaches that use a sensory stimulation 
orientation include aromatherapy, massage, music therapy, 
light therapy, multisensory stimulation, physical activity, and 
therapeutic activities. Though head-to-head investigations of 
these techniques are sparse, and few if any of these techniques 
have been found to be beneficial in every study, certain 
approaches have more consistently demonstrated success in the 
literature than others.

For instance, studies of music therapy for agitation and 
aggression have shown mixed results. During music therapy, care 
providers utilize music in a controlled environment to facilitate 
the accomplishment of treatment goals (Pedersen et al., 2017). 
In the context of the HIDA domain, it is thought that music 
may reduce distress, promote quicker adaptation, and improve 
communication, thus reducing behaviors such as agitation 
and aggression that can arise when patients feel disoriented 
and frustrated in their attempts to communicate (Raglio et al., 
2008). Active music therapy involves patients engaging in 
music activities such as singing or playing instruments, whereas 
passive music therapy involves patients listening to music. One 
RCT utilizing active music therapy showed that it significantly 
reduced dementia patients’ aberrant motor behaviors, irritability, 
and agitation, and these effects remained a month after 
intervention completion (Raglio et al., 2008). However, most 
other RCTs have not found that active nor passive music therapy 
reduces HIDA domain symptoms to a greater degree than other 
non-pharmacological interventions or control conditions. 
(Remington, 2002; Garland et al., 2007; Cooke et al., 2010; 
Sung et al., 2012; Sánchez et al., 2016b). Moreover, these RCTs 
do not provide evidence that music therapy can produce long-
lasting effects. Still, music therapy may be helpful for particularly 
responsive patients, especially if other techniques have failed.

Studying the effects of aromatherapy on agitation has 
also produced mixed results, though findings trend towards 
insignificant benefits (Ballard et al., 2002; Holmes et al., 2002; 
Snow et al., 2004; Lin et al., 2007; Burns et al., 2011; O’Connor 
et al., 2013). To explain the heterogeneity in these results, some 
researchers hypothesize that essential oil odors alone may not 
be beneficial for patients with severe dementia, as their olfaction 
is likely to be greatly impaired (Snow et al., 2004). Rather, these 
researchers suggest that the non-specific elements of aromatherapy, 
such as touch and human interaction, may drive the positive 
effects seen in some research (Burns et al., 2011). Despite this 
notion, RCTs examining the effects of massage on agitation have 
also been mixed. While some have demonstrated that massage in 
combination with aromatherapy can produce mild benefits on 
agitation (Smallwood et al., 2001), other RCTs have not managed 
to corroborate this finding (Fu et al., 2013). Additionally, some 

RCTs have shown that massage alone can significantly reduce 
agitation than can no treatment (Remington, 2002; Hicks-Moore 
and Robinson, 2008), though others have actually demonstrated 
an increase in agitation following massage (Moyle et al., 2014). 
Similarly, there is no evidence that massage exerts greater benefit 
than other sensory stimulation interventions (Hicks-Moore and 
Robinson, 2008; Moyle et al., 2014).

Bright light therapy has become increasingly used to treat 
hyperactive delirium, as circadian dysfunction has been found 
to greatly impact delirium severity. In turn, bright light therapy 
was found to improve functional status and sleep in patients 
with hyperactive, perioperative delirium, which occurs more 
commonly in patients with dementia compared with otherwise 
healthy elderly patients (Chong et al., 2013). Despite its benefits 
for delirium, non-delirious patients with dementia do not show 
a reduction in agitation or aberrant motor symptoms with bright 
light therapy (Ancoli-Israel et al., 2003; Burns et al., 2009; Dowling 
et al., 2007). Even in studies in which symptom reductions were 
observed, light therapy rarely outperformed care as usual or 
placebo, and caregiver-perceived improvements were not noted 
(Ancoli-Israel et al., 2003; Burns et al., 2009). Moreover, one 
study in which light therapy did lead to a statistically significant 
improvement in agitation and aberrant motor behavior stressed 
that this improvement was not large enough to be clinically 
meaningful (Dowling et al., 2007).

In contrast to sensory stimulation-oriented approaches that 
focus on activating one sensory system at a time, multisensory 
stimulation therapy—also known as Snoezelen therapy—utilizes 
a variety of stimuli to activate multiple senses simultaneously 
(Sánchez et al., 2016a). As described previously, agitation and 
aggression may arise in patients with dementia who can no 
longer communicate effectively and who feel socially isolated. 
Thus, multisensory stimulation therapy is thought to reduce 
these symptoms by facilitating patients’ non-verbal interactions 
with their environment (Lykkeslet et al., 2014). Therapists 
conduct this intervention in a non-directive manner, promoting 
feelings of security in patients with dementia as they explore 
their environment in ways that require few intellectual and 
physical demands (Strøm et al., 2016; Sánchez et al., 2016a). Most 
RCTs comparing multisensory stimulation therapy with other 
approaches (e.g., individualized music sessions, reminiscence 
therapy, and structured activities) have demonstrated comparably 
significant reductions in agitation and aggression (Robichaud 
et al., 1994; Baker et al., 2001; Baker et al., 2003; Baillon et al., 2004; 
Sánchez et al., 2016a, Sánchez et al., 2016b), and similarly, these 
reductions rarely last beyond intervention completion (Baker et al., 
2001; Baker et al., 2003; Sánchez et al., 2016a). Further, other RCTs 
have not demonstrated that multisensory stimulation therapy 
significantly reduces agitation or disruptive behavior (Robichaud 
et al., 1994; van Diepen et al., 2002). Thus, there is no evidence 
that multisensory stimulation therapy outperforms other sensory 
stimulation techniques that target one modality.

Although they do not specifically activate the senses, physical 
activity interventions targeting HIDA domain symptoms are 
very similar to sensory stimulation-oriented approaches in 
therapeutic philosophy. Physical activity programs for patients 
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with dementia often involve light aerobic exercise and/or strength 
training to increase kinesthesia (Tible et al., 2017). While RCTs 
examining the effects of exercise on overall BPSD have not found 
significant, objective benefits (Rolland et al., 2007; Lowery et al., 
2014), one study observed that perceived caregiver burden was 
significantly lower for patients who participated in a physical 
activity program (Lowery et al., 2014). Still, research regarding 
the impact of exercise training on HIDA domain symptoms 
in particular has not revealed significant, positive findings for 
patients (Alessi et al., 1999; Cott et al., 2002; Eggermont et al., 
2010), and corresponding studies have not demonstrated that 
physical activity significantly ameliorates patients’ nighttime 
restlessness, daytime activity, or irritability.

Therapies that engage patients in meaningful activities such 
as playing games, completing puzzles, or reading aim to decrease 
agitation related to boredom and inactivity. One study in which 
dementia patients performed therapeutic activities revealed 
significant reductions in patients’ overall BPSD than in controls; 
however, these effects did not persist beyond intervention 
completion (Baker et al., 2001). Within the HIDA domain 
specifically, RTCs utilizing therapeutic activities have shown 
inconsistent benefits towards ameliorating agitation in patients 
with dementia (Kolanowski et al., 2011).

Overall, there is inconclusive evidence for the immediate 
benefits of sensory stimulation approaches during intervention 
sessions, and there is little to no evidence that these approaches 
can lead to long-lasting reductions in HIDA domain symptoms. 
Some have conceptualized sensory stimulation interventions as 
a way to alleviate agitation and aggression due to boredom or 
a lack of sensory stimulation (Cohen-Mansfield, 2013). Thus, it 
is logical that any benefits observed during sensory stimulation 
sessions will remit once those sessions end. Research regarding 
sensory stimulation approaches within the context of a broader 
needs-based or person-centered framework may elicit more 
consistent, lasting results.

PHARMACOLOGICAL TREATMENT 
APPROACHES

As much of AD research has focused on mitigating cognitive 
decline, no drugs have been specifically designed to treat BPSD 
in AD. In fact, even among available medications, the FDA has 
yet to approve any of them for treatment of any BPSD in AD 
(Geda et al., 2013). Despite this lack of clear direction, clinicians 
routinely prescribe a number of common neuropsychiatric 
medications, especially for patients in long-term care facilities 
(Kirkham et al., 2017). Numerous professional societies—
such as the American Psychiatric Association, the American 
Association for Geriatric Psychiatry, and the American 
Geriatrics Society—have suggested that non-pharmacological 
interventions are first-line therapy for BPSD, including HIDA 
domain symptoms (Kales et al., 2014; Reus et al., 2016; Lanctôt 
et al., 2017). Moreover, these organizations have recommended 
that pharmacological options should only be employed when 
a patient’s behaviors are severe or when non-pharmacological 
options have been tried and failed. The appropriate medications 

for HIDA domain symptoms specifically is still a topic of debate, 
and almost all meta-analyses and organization guidelines suggest 
that these pharmaceuticals are of modest benefit (Ballard and 
Corbett, 2010; Kales et al., 2014).

Antipsychotics
The most commonly used class of drugs to treat HIDA domain 
symptoms are the atypical antipsychotics, with risperidone even 
being approved for this purpose in Europe, Canada, New Zealand, 
and Australia but not in the USA (Yunusa et al., 2019). Atypical 
antipsychotics share a common mechanism of action in reducing 
serotonin 2A receptor (5HT2A) activity, though they also provide 
some antagonism of other serotonergic receptors (5-HTRs) and 
the dopamine 2 receptor (D2R), similar to typical antipsychotics. 
Though risperidone is the best studied, other atypical 
antipsychotics may offer some benefits. For instance, a meta-
analysis in 2011 concluded that there was high evidence to suggest 
that risperidone, aripiprazole, and olanzapine provide benefits 
for a total global outcome score of BPSD and HIDA domain 
symptoms specifically, including agitation and aggression (Maher 
et al., 2011). However, it was noted that the difference in total NPI 
scores was slightly below the threshold of minimum clinically 
significant change while the relative improvement was about 35%, 
just above the minimum clinically significant threshold (Maher et 
al., 2011). The extent to which changes in agitation and aggression 
specifically were clinically meaningful was not addressed. These 
results are largely in line with other meta-analyses of atypical 
antipsychotics for agitation and aggression in the context of 
dementia (Margallo‐Lana et al., 2001; Passmore et  al., 2008; 
Ballard and Corbett, 2010; Kongpakwattana et al., 2018).

Even though the modest benefit of atypical antipsychotics 
has been demonstrated across multiple studies, the adverse 
effects of these medications represent serious risks that often 
outweigh the benefit of their implementation. This was most 
notably highlighted by the CATIE trial, a 42-outpatient-site and 
421-AD-patient trial, which concluded that the risks posed by 
atypical antipsychotics outweigh the modest benefits in treating 
agitation, aggression, and psychosis in AD (Schneider et al., 
2006). Since this time, other trials have echoed this narrow 
risk–benefit trade-off (Passmore et al., 2008; Maher et al., 2011). 
The most concerning adverse event to atypical antipsychotics is 
the increased risk of death in elderly populations, estimated to 
have an odds ratio of 1.7 and a number needed to harm (NNH) 
of 87 (Maher et al., 2011). In addition, the best-studied drug, 
risperidone, confers a three-fold higher risk of stroke with an 
NNH of 53, an increased risk of extra-pyramidal side effects at 
an NNH of 20, and an increased risk of urinary tract symptoms 
at an NNH of 16–36 (Maher et al., 2011). These concerns for 
heightened adverse effects—especially risk of death—resulted in 
a black box warning from the FDA for all atypical antipsychotics 
in elderly patients, and similar warnings have been issued in 
Europe and Canada (Koenig et al., 2016). In addition, many 
programs have aimed to discourage the use of antipsychotics 
in the elderly, including Beers criteria, Screening Tool of 
Older Persons’ Prescriptions (STOPP), Screening Tool to Alert 
Doctors to the Right Treatment (START), and Choosing Wisely 
(O’Mahony et al., 2015; Koenig et al., 2016; Kirkham et al., 2017; 
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Yunusa et al., 2019). A recent Cochrane Systematic Review 
suggests that withdrawal from these medications has little effect 
or no effect on overall BPSD, mortality, and cognitive function 
(Leeuwen et al., 2018). Further, this review purports that 
discontinuing atypical antipsychotics after prolonged exposure 
may actually decrease agitation in patients displaying mild 
behavioral disturbances. Overall, the general recommendation 
from these studies is that if atypical antipsychotics are needed due 
to severe HIDA domain symptoms, there should be discussion 
of their risks and benefits and consideration of tapering after 4 
months of use (Reus et al., 2016).

While these medications have their place in treating HIDA 
domain symptoms, determining the relative efficacy and safety of 
one atypical antipsychotic versus another has been challenging. 
In a recent network meta-analysis (Yunusa et al., 2019), 
aripiprazole was suggested to be the most effective compared 
with risperidone, olanzapine, quetiapine, and placebo, while 
risperidone and placebo had the lowest risk of death. In contrast, 
aripiprazole and quetiapine were safer in terms of cerebrovascular 
accidents (CVAs) compared with the higher risk of CVAs when 
taking risperidone or olanzapine. Overall, the authors concluded 
that no atypical antipsychotic could be singled out as being 
definitively more efficacious based on current evidence.

Regarding typical antipsychotics, most notably haloperidol, 
results of their efficacy for treating HIDA domain symptoms 
are mixed (Suh et al., 2006; Kongpakwattana et al., 2018; Jin 
and Liu, 2019). However, their higher risk for extrapyramidal 
side effects and mortality make them a poor choice for treating 
elderly patients, and they generally are considered to be less 
prudent in ameliorating HIDA domain symptoms than atypical 
antipsychotics (Ballard and Corbett, 2010; Reus et al., 2016).

The newest antipsychotic to receive Food and Drug 
Administration (FDA) approval, pimavanserin, works slightly 
differently than previous atypical antipsychotics through 
selective 5HT2A inverse agonism (Kitten et al., 2018). While 
approved to treat psychosis in Parkinson’s disease, the largest 
clinical trial of pimavanserin to treat AD-associated agitation 
and aggression showed no benefit of the drug at 6 to 12 weeks, 
though some secondary outcomes suggested modest benefit in 
treating irritability and emotional lability (Ballard et al., 2018).

Antidepressants
Though this class of drugs encompasses numerous agents that 
alter reuptake of various monoamines, the selective serotonin 
reuptake inhibitors (SSRIs) are most studied for HIDA domain 
symptoms. Interestingly, these drugs are notoriously poor 
for treating affective domain symptoms in AD (Sepehry et al., 
2012; Farina et al., 2017), suggesting that their manifestation is 
unlikely to be similar to that in otherwise healthy, young patients. 
However, these drugs may be prescribed at rates of 25–42% in 
patients with dementia (Farina et al., 2017), either owing to 
their effectiveness in treating agitation and other HIDA domain 
symptoms or reflecting the limited toolbox that physicians have 
in treating affective domain symptoms.

Similar to atypical antipsychotics, antidepressants likely provide 
only a minimal benefit for patients with HIDA domain symptoms 
(Seitz et al., 2011; Wilkins and Forester, 2016; Farina et  al., 2017). 

Arguably, the best evidence for the roles of SSRIs in the treatment of 
agitation comes from the CIT-AD trial (Porsteinsson et al., 2014) in 
which citalopram was shown to reduce agitation symptoms on the 
Neurobehavioral Rating Scale (NRBS-A), Clinical Global Impression 
of Change (CGIC), and CMAI over 9 weeks. However, enthusiasm 
for the use of citalopram to treat HIDA domain symptoms was 
tempered by the relatively high dose of this medication used in the 
study (30 mg). Recent FDA guidelines suggest that doses above 
20 mg may be dangerous for patients over 60 years of age due to 
significant QT prolongation (Farina et al., 2017). In addition, the 
study suggested increased rates of anorexia, diarrhea, fever, and 
worsening cognition in patients taking citalopram (Porsteinsson 
et al., 2014), which need to be considered when determining the 
risk–benefit trade-off for this medication.

The effects of citalopram on reducing agitation in AD likely 
extend to other SSRIs, supported by a 2011 Cochrane Review 
(Seitz et al., 2011), suggesting that antidepressants were superior 
to placebo in treating agitation in dementia. However, while 
the review implied that citalopram and sertraline had the 
best evidence, it was unable to comment on the differences in 
efficacy between them or other antidepressants, and current 
evidence suggests that antidepressants are equivocal to atypical 
antipsychotics in terms of efficacy in reducing agitation (Seitz 
et  al., 2011; Wilkins and Forester, 2016). Overall, the use of 
SSRIs to treat HIDA domain symptoms as an alternative to 
atypical antipsychotics is promising and may confer lower risks 
of mortality, stroke, and motor side effects.

There is little evidence for newer antidepressants that target 
individual 5-HTRs in treating HIDA domain symptoms. For 
instance, mirtazapine was associated with some benefits for 
reducing agitation in a 12-week prospective cohort study, but 
RCTs have yet to be completed (Cakir and Kulaksizoglu, 2008). 
Similarly, trazodone has shown modest benefits in some cohort 
studies, but RCTs have not reproduced these findings (Seitz et al., 
2011; Farina et al., 2017).

Antiepileptic Drugs
The evidence for the use of antiepileptic drugs, compared with 
atypical antipsychotics and antidepressants, to treat HIDA 
domain symptoms remains scarce. The best evidence for 
antiepileptic drugs exists for valproic acid (VPA; also known as 
divalproex), for which a recent Cochrane Review of five RCTs 
suggested that the drug was probably ineffective for treating 
agitation in dementia (Baillon et al., 2018). Comparatively, a 
few very small RCTs (combined n < 100) implied a modest 
benefit of carbamazepine, though some trials showed no benefits 
(Gallagher and Herrmann, 2014). In addition, a meta-analysis 
supported the efficacy of carbamazepine for treating agitation in 
AD, but a 103-person RCT did not find a statistically significant 
benefit (Ballard et al., 2009)

Other antiepileptic drugs are much less well studied, usually 
having only case reports or small RCTs to support or discourage 
their use. For instance, gabapentin has a handful of case reports 
suggesting that it may be effective in treating agitation and 
aggression in dementia but has no prospective cohorts or RCTs 
(Supasitthumrong et al., 2019). Lamotrigine similarly has low-
quality evidence from a retrospective chart review and open-label 
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clinical trial showing that it may reduce agitation in dementia (Ng 
et al., 2009; Suzuki and Gen, 2015). Results for levetiracetam are 
mixed across two open-label studies of its effect on agitation and 
manic-like symptoms in the context of BPSD (Weiner et al., 2005; 
Kyomen et al., 2007). A retrospective chart review of 15 patients 
suggested some benefits of topiramate for aggression in dementia 
(Fhager et al., 2003), and a small RCT of 48 patients suggested a 
similar benefit of topiramate to risperidone in reducing agitation 
(Mowla and Pani, 2010). Finally, a single RCT of oxcarbazepine, 
compared with placebo, did not find differences in agitation or 
aggression (Sommer et al., 2009). Overall, increased investigation 
of antiepileptic drugs is warranted, and use of them in patients 
with severe HIDA domain symptoms and resistance to atypical 
antipsychotics or antidepressants may be warranted in select 
clinical situations.

Cognitive Enhancers
Though cognitive decline in AD cannot currently be slowed or 
reversed, select drugs targeting cholinergic and glutamatergic 
pathways have been prescribed to ameliorate cognitive 
symptoms in this disease. The best-known drugs in this class are 
the acetylcholinesterase inhibitors and memantine, an NMDA 
antagonist. In general, acetylcholinesterase inhibitors are often 
used during the milder stages of AD, while memantine is often 
given as AD progresses to more moderate or severe stages. 
Because these drugs are often prescribed to patients with AD and 
other dementias, they are also well studied in terms of their effects 
on the HIDA domain, though often as secondary or exploratory 
analyses of larger trials.

Regarding acetylcholinesterase inhibitors, evidence for 
their efficacy in treating HIDA domain symptoms remains 
inconsistent. For instance, two meta-analyses have suggested 
that acetylcholinesterase inhibitors like donepezil may provide 
moderate benefits in reducing BPSD (Birks, 2006; Lockhart 
et  al., 2011). However, an RCT of 272 patients did not find that 
donepezil reduced agitation or total NPI score (Howard et al., 
2007). Finally, a systematic review of three acetylcholinesterase 
inhibitors suggested that only 3 out of the 14 included RCTs 
demonstrated a benefit of any acetylcholinesterase inhibitors on 
total NPI scores, agitation, or aggression, and the effect sizes were 
just at or below the minimum threshold for clinical significance 
(Rodda et al., 2009).

Results for memantine are similar. A recent Cochrane Review 
(McShane et al., 2019) suggested high-certainty evidence from 
14 trials including 3,700 patients that memantine improves 
performance on the Clinical Global Ratings Scale (CGR), 
cognitive function, performance on the Severe Impairment 
Battery (SIB), and total NPI scores. However, the review 
concluded that while agitation occurred at a lower rate for 
patients treated with memantine, the drug provided no 
benefits when used to treat agitation specifically. Overall, the 
study suggested that although memantine was moderately 
effective in treating cognitive symptoms, it was unlikely to be 
an appropriate monotherapy for agitation. In conclusion, while 
acetylcholinesterase inhibitors and memantine may have small 
benefits on HIDA domain symptoms when used for their initial 

indications, it is unlikely they will provide much added benefits 
as monotherapy for HIDA domain symptoms.

Other Pharmacological Agents
Most other studied drugs to treat the HIDA domain symptoms 
have scant evidence to support their use, and even fewer have 
undergone testing in RCTs. However, there are a few promising 
candidates that deserve to be investigated in more detail.

One of these is dextromethorphan–quinidine (AVP-923), 
a combination drug acting on multiple receptors, including 
NMDA antagonism, σ1 receptor agonism, serotonin and 
norepinephrine reuptake inhibition, and nicotinic α3β4 receptor 
antagonism. In the USA and Europe, this drug has already been 
approved to treat pseudobulbar affect in amyotrophic lateral 
sclerosis (ALS). Excitingly, a recent RCT of 194 AD patients 
over 10 weeks (Cummings et al., 2015) demonstrated that AVP-
923 improved aggression and agitation scores as measured by 
the NPI and was similarly effective at different stages during 
the disease. In addition, secondary analyses suggested that 
the drug effectively lowered irritability and emotional lability, 
aberrant motor behavior, and caregiver strain as measured 
by the NPI. In conjunction, a recent network meta-analysis 
suggested that risperidone and AVP-923 were the only two drugs 
to reach significance for treating dementia-related agitation 
(Kongpakwattana et al., 2018). Though longer-term follow-up is 
needed to evaluate the full potential of AVP-923, this drug may 
represent another tool for physicians to use in treating HIDA 
domain symptoms.

Drugs that target noradrenergic receptors are another set of 
medications that have been suggested for treating HIDA domain 
symptoms. For instance, prazosin, an α1 receptor blocker, 
successfully decreased agitation and aggression symptoms in 22 
nursing home or community-dwelling adults with AD (Wang et 
al., 2009). In addition, there are a few scarce reports and one small 
trial of the beta-blockers propranolol and pindolol demonstrating 
that these drugs can significantly reduce dementia-related 
agitation (Peskind et al., 2005; Passmore et al., 2008). Further 
investigation of these drugs in larger RCTs would be helpful.

Cannabinoids have also been tried in the treatment of HIDA 
domain symptoms. Specifically, while two RCTs studying THC 
found no benefits of the compound in treating agitation or 
other BPSD symptoms as measured by the NPI, five trials of 
dronabinol demonstrated a reduction in agitation, motor activity, 
and total NPI score (Sherman et al., 2018). As cannabinoid 
research continues to progress, it will be interesting to see if these 
medications truly benefit patients with HIDA domain symptoms.

Lastly, the atypical anxiolytics tandospirone and buspirone, 
which block 5HT1A, have been suggested as potential treatments 
for the HIDA domain. Specifically, there have been a few case 
reports (Passmore et al., 2008) and one retrospective study (Santa 
Cruz et al., 2017) of buspirone that have implied its efficacy in 
reducing agitation and aggression in dementia. Similarly, an open-
label study of 13 dementia patients treated with tandospirone 
suggested reduction in NPI scores corresponding to delusions, 
agitation, depression, anxiety, and irritability at 2 and 4 weeks 
after administration (Sato et al., 2007). As the side-effect profiles 
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of these drugs are particularly mild, RCTs with these drugs in 
treating HIDA domain symptoms would be beneficial.

Antipsychotics and Histone Deacetylase 
(HDAC) Inhibitors: a Novel Approach With 
Epigenetics
Though other approaches to reduce HIDA domain symptoms 
are being investigated, first-line pharmacotherapy for these 
symptoms is still likely to be atypical antipsychotics. However, 
the severity of adverse effects in elderly patients appropriately 
gives many physicians pause in prolonged prescribing of these 
medications. Biologically, both aging and AD are known to 
result in a number of epigenetic alterations, and within the 
central nervous system (CNS), many of these alterations lead 
to a more repressive transcriptional environment, reducing 
expression of key receptors that atypical antipsychotics 
target (Mastroeni et al., 2010; Zhang et al., 2012; Akbarian 
et al., 2013; Cacabelos and Torrellas, 2015; McClarty et al., 
2018). As patients age, the efficacy of atypical antipsychotics 
decreases while the frequency and severity of adverse effects 
increase, effectively leading to lower doses of medications 
prescribed but also less benefit at those doses, thus narrowing 
the therapeutic window (Schneider et al., 2006; Passmore et 
al., 2008; Maher et al., 2011). We hypothesized that aging-
related histone deacetylation at certain gene promoter regions 
decreases the expression and functioning of drug-targeted 
receptors, therefore limiting this window in elderly patients. 
This was corroborated by studies showing that elderly patients 
had reduced expression and occupancy of D2R and 5-HT2AR 
via positron emission tomography (PET) and single-photon 
emission computed tomography (SPECT) imaging (Antonini 
et al., 1993; Versijpt et al., 2003).

Our own preclinical studies in aged and young mice support 
our hypothesis. Specifically, we showed that during aging, certain 
lysine residues on histones 3 and 4 become hypoacetylated 
at the Drd2 promoter, leading to reduced D2R expression and 
greater sensitivity to extrapyramidal side effects of haloperidol 
(Montalvo-Ortiz et al., 2017). Importantly, we also showed that 
HDAC inhibition via VPA or entinostat (MS-275) can reverse the 
repressive histone marks, increase D2R expression, and reverse 
the aging-related sensitivity to haloperidol (Montalvo-Ortiz et al., 
2017). Additionally, we demonstrated that c-Fos expression in 
response to antipsychotics in the frontal cortex could be modified 
by these HDAC inhibitors, thus suggesting that the efficacy of 
antipsychotics could be impacted by histone modifications with 
aging (Montalvo-Ortiz et al., 2014). In non-aged mice, there is 
evidence that chronic administration of atypical antipsychotics 
leads to 5-HT2AR-mediated repression of histone modifications 
at the mGlu2 promoter (Kurita et al., 2012). Kurita and colleagues 
demonstrated that combined administration of the HDAC 
inhibitor vorinostat (suberoylanilide hydroxamic acid (SAHA)) 
with clozapine or risperidone rescued 5-HT2AR-mediated 
repression of histone modification at the mGlu2 promoter and 
attenuated schizophrenia-like behavior. Whether repressed 
histone modification at the mGlu2 promoter primarily affects 
the efficacy of atypical antipsychotics in aged mice has yet to 

be shown. However, this study provides evidence that general 
alterations in histone modification are likely at play.

Similar to healthy aging, AD is also associated with various 
epigenetic changes that are thought to exacerbate pathological 
processes while simultaneously repressing nonpathological 
processes, thus contributing to disease progression (Mastroeni 
et al., 2010; Zhang et al., 2012). Concordantly, imaging studies 
have demonstrated significant reductions in 5-HT2AR expression 
and binding in patients with various stages of AD than in age-
matched controls (Versijpt et al., 2003; Hasselbalch et al., 2008; 
Marner et al., 2012). It is, therefore, likely that in patients with 
AD, the effects of epigenetic changes associated with aging are 
compounded by the disease process itself, significantly reducing 
the availability of receptors on which atypical antipsychotics act. 
As a result, HDAC inhibition may have a dual effect in reducing 
the adverse side effects of long-term atypical antipsychotics and 
improving other symptoms of AD pathogenesis.

A number of studies have already examined monotherapy 
with HDAC inhibition in various preclinical mouse models 
of AD, revealing that HDAC inhibitors can improve memory 
performance in these mice (Francis et al., 2009; Corbett et al., 2017; 
Cuadrado-Tejedor et al., 2017; Cao et al., 2018). Interestingly, 
HDAC inhibitors are also being explored in clinical trials as 
monotherapy for cognition in dementia (Teijido and Cacabelos, 
2018). Studies regarding the efficacy of HDAC inhibition in the 
context of BPSD specifically are limited, however, and findings 
are, therefore, inconclusive. Some research indicates that 
HDAC inhibitors do not ameliorate anxiety-like behavior and 
hyperactivity in mouse models of AD (Cao et al., 2018), whereas 
other studies demonstrate reduced hyperactivity and apathy-like 
behavior (Zhang and Schluesener, 2013; Selenica et al., 2014; 
Cathomas et al., 2015). It is worth noting that these studies have 
only investigated the effects of HDAC inhibition alone. There 
have yet to be any studies in which HDAC inhibitors are used 
in combination with other treatments such as antipsychotics in 
the context of BPSD, which warrants future research. Though it 
is unclear if HDAC inhibitors may directly be prescribed to treat 
the HIDA domain or other BPSD, it is an intriguing hypothesis 
that the addition of these drugs to atypical antipsychotics may 
result in increased efficacy and reduced side effects. As reversal 
of the extrapyramidal side effects has been the focus of current 
studies, investigation into the effects of these compounds on 
antipsychotic-induced cerebrovascular dysfunction in aged mice 
or patients may be especially promising.

BEYOND AGITATION AND AGGRESSION

As evidenced in this review, most studies targeting the HIDA 
domain have mainly focused on agitation and aggression. 
Only a handful of quality trials have examined effects on 
patients’ aberrant motor activity or irritability (Cott et al., 
2002; Dowling et al., 2007; Raglio et al., 2008; Cummings et al., 
2015; Ballard et al., 2018; Sherman et al., 2018), and additional 
studies are needed in order to determine which approaches 
are most efficacious in treating these symptoms. Within the 
HIDA domain, RCTs of interventions for impulsivity and 
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disinhibition are severely lacking. Similarly, there have been 
no RCTs assessing the efficacy of specific pharmacological or 
non-pharmacological approaches in treating these symptoms 
in AD (Tucker, 2010; Cipriani et al., 2016).

The discussion of treatment strategies to mitigate general 
disinhibition or impulsive behavior in AD patients within the 
literature is essentially nonexistent. Thus, current suggestions 
for treatment of these symptoms within this population are 
based on studies of these symptoms in other forms of dementia, 
such as frontotemporal dementia (FTD). One small, unblinded 
trial demonstrated that 67% of FTD patients with disinhibition 
who received SSRIs—namely, paroxetine, sertraline, and 
fluoxetine—experienced reductions in this symptom (Swartz 
et al., 1997). However, the authors did not report on the statistical 
significance of these reductions. Other small, open-label drug 
trials have demonstrated that treatment with SSRIs, such as 
citalopram and trazodone, can lead to significant reductions in 
disinhibition in patients with FTD (Lebert and Pasquier, 1999; 
Herrmann et al., 2012). Regarding potentially inefficacious 
pharmacotherapy for treating disinhibition, one study found 
that FTD patients treated with donepezil tended to demonstrate 
increased socially disinhibited behavior, such as inappropriate 
remarks or unusual interactions with strangers (Mendez et al., 
2007). In the case of non-pharmacological interventions, the 
literature examining treatments for disinhibition and impulsivity 
in the context of dementia is even more scarce. However, case 
examples demonstrate that having patients with FTD engage 
in old hobbies or games may attenuate socially inappropriate, 
disinhibited behavior, potentially utilizing a similar mechanism 
as therapeutic activities that target agitation and aggression by 
reducing boredom and inactivity (Ikeda et al., 1995).

One common form of disinhibited behavior in AD is 
sexual disinhibition, defined as sexually oriented, verbal or 
physical acts that are inappropriate within the contexts that 
they are performed (Johnson et al., 2006). Regarding non-
pharmacological methods to mitigate sexual disinhibition, 
the literature suggests redirecting behavior, expressing its 
inappropriateness, substituting staff who are less likely to trigger 
it, ignoring inappropriate and reinforcing appropriate behaviors, 
and providing patients with certain clothing that limits the 
likelihood of these behaviors (e.g., clothing that opens from the 
back; Kamel and Hajjar, 2003). In terms of pharmacotherapy, 
case studies and small, unblinded trials suggest that SSRIs—
namely, citalopram—may have the potential to reduce sexual 
disinhibition in patients with dementia (Tosto et al., 2008). 
Case studies also suggest that the anticholinesterase inhibitor 
rivastigmine might be helpful for this symptom, whereas 
donepezil might increase sexual disinhibition (Alagiakrishnan 
et al., 2003; Lo Coco and Cannizzaro, 2010). Antiepileptics 
such as gabapentin and carbamazepine may ameliorate sexually 
disinhibited behavior in some patients with dementia (Miller, 
2001; Alkhalil et al., 2004; Freymann et al., 2005). Regardless 
of these interventions’ potential, substantial additional research 
is needed before reliable conclusions about efficacy and 
recommendations for the treatment of sexual disinhibition in 
dementia can be made.

CONCLUSIONS AND FUTURE 
DIRECTIONS

Summary of Effective and Promising 
Interventions for HIDA Domain Symptoms
Research findings suggest that the best non-pharmacological 
treatments for HIDA domain symptoms include training programs 
in person-centered care for staff and psychoeducation for staff and 
caregivers (McCallion et al., 1999; Hébert et al., 2003; Sloane et al., 
2004; Fossey et al., 2006; Hepburn et al., 2007; Chenoweth et al., 
2009; Deudon et al., 2009). Approaches that holistically assess 
and address patients’ unmet needs have shown to have significant 
benefits during periods of intervention, warranting future studies 
of how to implement these approaches long-term on a continuous 
basis (Cohen-Mansfield et al., 2007; Cohen-Mansfield et al., 2012). 
Although studies have not specifically examined the benefits of 
CBT on HIDA domain symptoms, evidence for lasting reductions 
in overall BPSD and affective domain symptoms calls for additional 
research into the efficacy of CBT for agitation an aggression 
(Marriott et al., 2000; Akkerman, 2004; Kurz et al., 2012; Kwok 
et al., 2014; Spector et al., 2015). Unlike certain person-centered 
and behavioral interventions, sensory stimulation interventions 
either have mixed evidence or have been shown to be generally 
ineffective in ameliorating HIDA domain symptoms (Robichaud 
et al., 1994; Alessi et al., 1999; Baker et al., 2001; Smallwood 
et al., 2001; Buettner and Fitzsimmons, 2002; Fitzsimmons and 
Buettner, 2002; Ballard et al., 2002; Holmes et al., 2002; Cott et al., 
2002; Remington, 2002; van Diepen et al., 2002; Ancoli-Israel 
et al., 2003; Baker et al., 2003; Baillon et al., 2004; Snow et al., 
2004; Dowling et al., 2007; Garland et al., 2007; Lin et al., 2007; 
Rolland et al., 2007; Hicks-Moore and Robinson, 2008; Raglio 
et al., 2008; Burns et al., 2009; Cooke et al., 2010; Eggermont et al.,  
2010; Burns et al., 2011; Kolanowski et al., 2011; Sung et al., 
2012; Fu et al., 2013; O’Connor et al., 2013; Lowery et al., 2014; 
Moyle et al., 2014; Sánchez et al., 2016a; Sánchez et al., 2016b).  
However, studying sensory stimulation in the context of person 
centered or needs driven may produce more beneficial results.

Regarding pharmacotherapy, atypical antipsychotics are most 
commonly prescribed to treat HIDA domain symptoms, but 
their long-term use in elderly patients is severely limited due to 
an increased risk of extrapyramidal side effects, stroke, and death 
(Margallo‐Lana et al., 2001; Schneider et al., 2006; Passmore 
et al., 2008; Ballard and Corbett, 2010; Maher et al., 2011; Koenig 
et al., 2016; Kongpakwattana et al., 2018). Moreover, there is poor 
consensus as to which atypical antipsychotic is most efficacious 
(Yunusa et al., 2019). For antidepressants, SSRIs are the most 
common type prescribed for agitation and aggression in patients 
with dementia, but like atypical antipsychotics, they are only 
modestly effective in treating HIDA domain symptoms (Seitz 
et al., 2011; Porsteinsson et al., 2014; Wilkins and Forester, 2016; 
Farina et al., 2017). Still, it may be more beneficial to prescribe 
SSRIs than atypical antipsychotics in elderly patients because the 
risks of mortality, stroke, and extrapyramidal side effects are lower. 
However, whether the effects of these drugs are helpful for long-
term control of HIDA domain symptoms is unclear. The evidence 
for other pharmacological approaches either does not support 
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their use, as is the case for VPA, or is in its infancy, as is the case 
for AVP-923 (Fhager et al., 2003; Weiner et al., 2005; Birks, 2006; 
Howard et al., 2007; Kyomen et al., 2007; Ballard et al., 2009; Ng 
et al., 2009; Rodda et al., 2009; Sommer et al., 2009; Mowla and 
Pani, 2010; Lockhart et al., 2011; Gallagher and Herrmann, 2014; 
Cummings et al., 2015; Suzuki and Gen, 2015; Baillon et al., 2018; 
Kongpakwattana et al., 2018; Sherman et al., 2018; McShane et 
al., 2019; Supasitthumrong et al., 2019). Overall, substantial 
improvement is needed to increase the efficacy and reduce the 
side effects of pharmacotherapies for HIDA domain symptoms.

Improving Treatment Implementation
Despite the fact that most professional geriatric medicine 
organizations recommend implementation of non-pharmacological 
therapies for BPSD first, medications are disproportionately favored 
to manage BPSD in clinical settings. One study revealed that in 
comparison with 71% of elderly nursing home residents who 
received pharmacotherapy, only 12% received non-pharmacological 
treatment (Molinari et  al., 2010). Moreover, another study found 
that less than half of nursing home patients receiving antipsychotics 
had been prescribed in compliance with nursing home standards, 
and many were taking more than the maximum recommended 
dose or did not meet adequate symptom criteria for the prescription 
(Briesacher et al., 2005).

One reason for the disproportionately low use of non-
pharmacological interventions for BPSD in real-world clinical 
settings is that properly assessing symptoms and implementing 
these treatments are time-consuming, and facilities often do not 
have adequate personnel (Kales et al., 2014). Similarly, research 
findings suggest that about half of nursing homes do not feel 
that they receive adequate psychiatric consultation, specifically 
in regard to non-pharmacological approaches (Reichman et al., 
1998). It is also more difficult to get non-pharmacological 
interventions, compared with pharmacotherapy, reimbursed by 
insurance (Kales et al., 2014).

One of the most prominent reasons that non-pharmacological 
approaches are not implemented more frequently in clinical 
settings is the ambiguity that exists about which treatments to 
use and how to implement them. Methods are not standardized 
among non-pharmacological interventions of the same type, 
causing difficulty in interpreting results and in applying treatments 
in clinical practice (Leone et al., 2009). As a result, guidelines do 
not agree on their recommendations for specific psychosocial 
therapies and differ in respect to the quality of empirical support 
behind their guidance (Azermai et al., 2012). This leaves caregivers 
and clinicians with the burden of deciding which interventions 
are best. As there is no clear consensus on this, many physicians 
lack proper training in non-pharmacological approaches, BPSD 
assessment, and ways of choosing and communicating these 
interventions to caregivers (Kales et al., 2014).

To strengthen the consensus regarding non-pharmacological 
interventions, some researchers assert that evidence-based 
protocols and additional studies with greater methodological 
quality, particularly large RCTs, are necessary (Livingston et al., 
2005; Kong et al., 2009; Vernooij-Dassen et al., 2010; Azermai, 
2015; Scales et al., 2018). However, given that person-centered 
approaches tailored to individual patients appear to be the most 

efficacious, others have questioned the extent to which non-
pharmacological approaches can be standardized and studied in 
large RCTs (Cohen-Mansfield, 2013).

To reconcile both of these perspectives and to integrate 
the implementation of both pharmacological and non-
pharmacological interventions in practice, Kales and colleagues 
developed the describe, investigate, create, evaluate (DICE) 
approach (Kales et al., 2014). It involves detailed characterization 
of a patients’ BPSD and the context in which they occur, 
exploration and identification of potential underlying causes 
for disruptive behaviors, collaboration with both caregivers 
and patients to develop and implement a treatment plan, 
and evaluation of the extent to which a treatment plan was 
carried out and was effective. Future research may utilize the 
DICE approach to conduct controlled trials that differentiate 
non-pharmacological strategies on their most efficacious 
attributes without sacrificing the individualized component of 
treatment. Additionally, the DICE approach’s detailed symptom 
characterization and treatment evaluation may help to elucidate 
which patients will benefit most from certain pharmacotherapies.

To address concerns regarding inadequate resources in 
clinical settings for characterizing symptoms, implementing 
non-pharmacological interventions, and evaluating treatment 
responses, the literature suggests the use of environmental and 
wearable sensors (Bharucha et al., 2009; David et al., 2010; Kikhia 
et al., 2015). By continuously measuring patients’ behavior, these 
sensors are capable of detecting changes from routine and of 
collecting much more data than is possible with a limited nursing 
home staff or a single caregiver (Kikhia et al., 2015). Regarding 
side effects to pharmacotherapies, wearable sensors that measure 
patients’ vital signs and metabolic parameters could aid in early 
detection and intervention before the impact of these side effects 
becomes catastrophic (Bharucha et al., 2009). Although these 
methods are still being developed and are not yet widely used 
in clinical settings, research suggests that implementing them is 
feasible and well tolerated by patients with dementia. For instance, 
one study demonstrated that a nighttime monitoring system 
resulted in an 85% reduction in patients’ likelihood to have a 
dangerous event (e.g., injury due to wandering) due to aberrant 
nighttime behavior (Rowe et al., 2009). Moreover, this intervention 
was so well tolerated by patients and their caregivers that all who 
received it opted to continue using it following the completion of the 
study. Other research has demonstrated that actigraphy—the use 
of a small, unobtrusive accelerometer to measure motor activity—
is a feasible and inconspicuous method that can indirectly and 
objectively measure the timing and frequency of various BPSD, 
including agitation and aberrant motor activity (Volkers et al., 
2003; Mahlberg et al., 2007; David et al., 2010; Mulin et al., 2011). 
Overall, ambient and wearable sensors represent a promising way 
to improve the implementation of both pharmacological and non-
pharmacological interventions for BPSD.

Conclusion
Among various BPSD experienced by the majority of AD patients, 
HIDA domain symptoms are particularly tough to manage, causing 
great burden on caregivers and hospital staff and demonstrating an 
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area of special concern regarding safety (Fuh et al., 2001; Rymer et 
al., 2002; Nguyen et al., 2008; Fauth and Gibbons, 2014). Difficulty 
controlling HIDA domain symptoms is compounded by the fact 
that currently available non-pharmacological and pharmacological 
interventions are only moderately efficacious. Despite the extensive 
toolbox of non-pharmacological treatments available, limited 
resources and guidance have impeded the extent to which they are 
used in real-world clinical settings (Kales et al., 2014).

Regarding pharmacotherapy, agents that are currently available 
are either inefficacious or carry the risk for dangerous side 
effects that outweigh their benefits (Margallo‐Lana et al., 2001; 
Schneider et al., 2006; Passmore et al., 2008; Ballard and Corbett, 
2010; Maher et al., 2011; Koenig et al., 2016; Kongpakwattana 
et al., 2018). However, short-term use of these agents during 
periods of severe symptoms or psychosis may be necessary, 
and atypical antipsychotics and SSRIs currently have the best 
evidence. Newer approaches, including dextromethorphan–
quinidine, cannabinoids, and HDAC inhibitors, are promising 
but will need more rigorous testing in RCTs before determining 
their use in these patients.

Future research utilizing the DICE approach to perform 
controlled trials on non-pharmacological interventions may 
be able to better differentiate non-pharmacological strategies 

on their most efficacious attributes while also providing 
individualized treatment (Kales et al., 2014). Moreover, future 
pharmacological studies that perform detailed symptom 
characterization and treatment evaluation via the DICE 
approach are more likely to reveal which patients will benefit 
most from certain pharmacotherapies. To further improve 
symptom characterization and treatment implementation in the 
real world, studies should also focus on bettering environmental 
and wearable sensors to make them more accessible to patients in 
clinical settings (Bharucha et al., 2009; David et al., 2010).

AUTHOR CONTRIBUTIONS

RK, DF, and HD decided upon the outline for this manuscript. 
RK and DF reviewed the literature extensively. All authors 
contributed to the writing and approval of this manuscript.

FUNDING

This work was supported by the National Institute of Mental 
Health (1R01AG062249 and R01MH109466 to HD and 
5F30MH109249-02 to DF).

REFERENCES

Aalten, P., Verhey, F. R. J., Boziki, M., Brugnolo, A., Bullock, R., Byrne, E. J., et al. 
(2008). Consistency of neuropsychiatric syndromes across dementias: results 
from the European Alzheimer Disease Consortium. Dement. Geriatr. Cogn. 
Disord. 25 (1), 1–8. doi: 10.1159/000111082

Aalten, P., Verhey, F. R. J., Boziki, M., Bullock, R., Byrne, E. J., Camus, V., et al. 
(2007). Neuropsychiatric syndromes in dementia. Dement. Geriatr. Cogn. 
Disord. 24 (6), 457–463. doi: 10.1159/000110738

Aalten, P., de Vugt, M. E., Lousberg, R., Korten, E., Jaspers, N., Senden, B., 
et al. (2003). Behavioral problems in dementia: a factor analysis of the 
Neuropsychiatric Inventory. Dement. Geriatr. Cogn. Disord. 15 (2), 99–105. 
doi: 10.1159/000067972

Akbarian, S., Beeri, M. S., and Haroutunian, V. (2013). Epigenetic determinants of 
healthy and diseased brain aging and cognition. JAMA Neurol. 70 (6), 711–718. 
doi: 10.1001/jamaneurol.2013.1459

Akkerman, R. L. (2004). Reducing anxiety in Alzheimer’s disease family caregivers: 
the effectiveness of a nine-week cognitive-behavioral intervention. Am. J. 
Alzheimer’s Dis. Other Dement.® 19 (2), 117–123. doi: 10.1177/153331750 
401900202

Alagiakrishnan, K., Sclater, A., and Robertson, D. (2003). Role of cholinesterase 
inhibitor in the management of sexual aggression in an elderly demented 
woman. J. Am. Geriatrics Soc. 51 (9), 1326. doi: 10.1046/j.1532-5415.2003. 
514204.x

Alessi, C. A., Yoon, E. J., Schnelle, J. F., Al-Samarrai, N. R., and Cruise,  P. 
A. (1999). A randomized trial of a combined physical activity and 
environmental intervention in nursing home residents: do sleep and 
agitation improve? J. Am. Geriatrics Soc. 47 (7), 784–791. doi: 10.1111/
j.1532-5415.1999. tb03833.x

Alkhalil, C., Tanvir, F., Alkhalil, B., and Lowenthal, D. T. (2004). Treatment of 
sexual disinhibition in dementia: case reports and review of the literature. Am. 
J. Ther. 11 (3), 231–235. doi: 10.1097/00045391-200405000-00013

Allegri, R. F., Sarasola, D., Serrano, C. M., Taragano, F. E., Arizaga, R. L., Butman, J., 
et al. (2006). Neuropsychiatric symptoms as a predictor of caregiver burden in 
Alzheimer’s disease. Neuropsychiatr. Dis. Treat. 2 (1), 105–110. 

Alzheimer’s Association (2016). 2016 Alzheimer’s disease facts and figures. 
Alzheimer’s Dement. 12 (4), 459–509. doi: 10.1016/j.jalz.2016.03.001

American Geriatrics Society & American Association of Geriatric Psychiatry 
(2003). Consensus statement on improving the quality of mental health care 
in U.S. nursing homes: management of depression and behavioral symptoms 
associated with dementia. J. Am. Geriatrics Soc. 51 (9), 1287–1298. doi: 
10.1046/j.1532-5415.2003.51415.x

Ancoli-Israel, S., Martin, J. L., Gehrman, P., Shochat, T., Corey-Bloom, J., 
Marler, M., et al. (2003). Effect of light on agitation in institutionalized patients 
with severe Alzheimer disease. Am. J. Geriatr. Psychiatry: Off. J. Am. Assoc. 
Geriatr. Psychiatry 11 (2), 194–203. doi: 10.1097/00019442-200303000-00010

Antonini, A., Leenders, K. L., Reist, H., Thomann, R., Beer, H. F., and Locher, J. 
(1993). Effect of age on D2 dopamine receptors in normal human brain 
measured by positron emission tomography and 11C-raclopride. Arch. Neurol. 
50 (5), 474–480. doi: 10.1001/archneur.1993.00540050026010

Azermai, M. (2015). Dealing with behavioral and psychological symptoms of 
dementia: a general overview. Psychol. Res. Behav. Manage. 8, 181–185. doi: 
10.2147/PRBM.S44775

Azermai, M., Petrovic, M., Elseviers, M. M., Bourgeois, J., Van Bortel, L. M., and 
Vander Stichele, R. H. (2012). Systematic appraisal of dementia guidelines for 
the management of behavioural and psychological symptoms. Ageing Res. Rev. 
11 (1), 78–86. doi: 10.1016/j.arr.2011.07.002

Baillon, S., Van Diepen, E., Prettyman, R., Redman, J., Rooke, N., and Campbell, R. 
(2004). A comparison of the effects of Snoezelen and reminiscence therapy on 
the agitated behaviour of patients with dementia. Int. J. Geriatr. Psychiatry 19 
(11), 1047–1052. doi: 10.1002/gps.1208

Baillon, S. F., Narayana, U., Luxenberg, J. S., and Clifton, A. V. (2018). Valproate 
preparations for agitation in dementia. Cochrane Database Syst. Rev. 10. doi: 
10.1002/14651858.CD003945.pub4

Baker, R., Bell, S., Baker, E., Holloway, J., Pearce, R., Dowling, Z., et al. (2001). 
A randomized controlled trial of the effects of multi-sensory stimulation 
(MSS) for people with dementia. Br. J. Clin. Psychol. 40 (1), 81–96. doi: 
10.1348/014466501163508

Baker, R., Holloway, J., Holtkamp, C. C. M., Larsson, A., Hartman, L. C., Pearce, R., 
et al. (2003). Effects of multi-sensory stimulation for people with dementia. J. Adv. 
Nurs. 43 (5), 465–477. doi: 10.1046/j.1365-2648.2003.02744.x

Baldelli, M. V., Pirani, A., Motta, M., Abati, E., Mariani, E., and Manzi, V. (1993). 
Effects of reality orientation therapy on elderly patients in the community. 
Arch. Gerontol. Geriatr. 17 (3), 211–218. doi: 10.1016/0167-4943(93)90052-J

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1159/000111082
https://doi.org/10.1159/000110738
https://doi.org/10.1159/000067972
https://doi.org/10.1001/jamaneurol.2013.1459
https://doi.org/10.1177/153331750401900202
https://doi.org/10.1177/153331750401900202
https://doi.org/10.1046/j.1532-5415.2003.514204.x
https://doi.org/10.1046/j.1532-5415.2003.514204.x
https://doi.org/10.1111/j.1532-5415.1999.tb03833.x
https://doi.org/10.1111/j.1532-5415.1999.tb03833.x
https://doi.org/10.1097/00045391-200405000-00013
https://doi.org/10.1016/j.jalz.2016.03.001
https://doi.org/10.1046/j.1532-5415.2003.51415.x
https://doi.org/10.1097/00019442-200303000-00010
https://doi.org/10.1001/archneur.1993.00540050026010
https://doi.org/10.2147/PRBM.S44775
https://doi.org/10.1016/j.arr.2011.07.002
https://doi.org/10.1002/gps.1208
https://doi.org/10.1002/14651858.CD003945.pub4
https://doi.org/10.1348/014466501163508
https://doi.org/10.1046/j.1365-2648.2003.02744.x
https://doi.org/10.1016/0167-4943(93)90052-J


HIDA Domain in Alzheimer’s DiseaseKeszycki et al.

15 September 2019 | Volume 10 | Article 1109Frontiers in Pharmacology | www.frontiersin.org

Ballard, C., Banister, C., Khan, Z., Cummings, J., Demos, G., Coate, B., et al. 
(2018). Evaluation of the safety, tolerability, and efficacy of pimavanserin versus 
placebo in patients with Alzheimer’s disease psychosis: a phase 2, randomised, 
placebo-controlled, double-blind study. Lancet Neurol. 17 (3), 213–222. doi: 
10.1016/S1474-4422(18)30039-5

Ballard, C., and Corbett, A. (2010). Management of neuropsychiatric symptoms 
in people with dementia. CNS Drugs 24 (9), 729–739. doi: 10.2165/11319240-
0000 00000-00000

Ballard, C., Corbett, A., Chitramohan, R., and Aarsland, D. (2009). Management 
of agitation and aggression associated with Alzheimer’s disease: controversies 
and possible solutions. Curr. Opin. Psychiatry 22 (6), 532–540. doi: 10.1097/
YCO.0b013e32833111f9

Ballard, C. G., O’Brien, J. T., Reichelt, K., and Perry, E. K. (2002). Aromatherapy 
as a safe and effective treatment for the management of agitation in severe 
dementia: the results of a double-blind, placebo-controlled trial with Melissa. 
J. Clin. Psychiatry 63 (7), 553–558. doi: 10.4088/JCP.v63n0703

Bharucha, A. J., Anand, V., Forlizzi, J., Dew, M. A., Reynolds, C. F., Stevens, S., et al. 
(2009). Intelligent assistive technology applications to dementia care: current 
capabilities, limitations, and future challenges. Am. J. Geriatr. Psychiatry 17 (2), 
88–104. doi: 10.1097/JGP.0b013e318187dde5

Birks, J. S. (2006). Cholinesterase inhibitors for Alzheimer’s disease. Cochrane 
Database Syst. Rev. 1. doi: 10.1002/14651858.CD005593

Blair, R. J. R. (2016). The neurobiology of impulsive aggression. J. Child Adolesc. 
Psychopharmacol. 26 (1), 4–9. doi: 10.1089/cap.2015.0088

Bowlby, M. C. (1991). Reality orientation thirty years later: are we still confused? 
Can. J. Occup. Ther. 58 (3), 114–122. doi: 10.1177/000841749105800303

Braak, H., and Braak, E. (1991). Neuropathological stageing of Alzheimer-related 
changes. Acta Neuropathol. 82 (4), 239–259. doi: 10.1007/BF00308809

Briesacher, B. A., Limcangco, M. R., Simoni-Wastila, L., Doshi, J. A., Levens, S. 
R., Shea, D. G., et al. (2005). The quality of antipsychotic drug prescribing 
in nursing homes. Arch. Internal Med. 165 (11), 1280. doi: 10.1001/archinte. 
165.11.1280

Brodaty, H., and Arasaratnam, C. (2012). Meta-analysis of nonpharmacological 
interventions for neuropsychiatric symptoms of dementia. Am. J. Psychiatry 
169 (9), 946–953. doi: 10.1176/appi.ajp.2012.11101529

Brooker, D. (2003). What is person-centred care in dementia? Rev. Clin. Gerontol. 
13 (3), 215–222. doi: 10.1017/S095925980400108X

Buettner, L. L., and Fitzsimmons, S. (2002). AD-venture program: therapeutic 
biking for the treatment of depression in long-term care residents with 
dementia. Am. J. Alzheimer’s Dis. Other Dement. ® 17 (2), 121–127. doi: 
10.1177/153331750201700205

Burgio, L. D., Stevens, A., Burgio, K. L., Roth, D. L., Paul, P., and Gerstle, J. (2002). 
Teaching and maintaining behavior management skills in the nursing home. 
Gerontol. 42 (4), 487–496. doi: 10.1093/geront/42.4.487

Burns, A., Allen, H., Tomenson, B., Duignan, D., and Byrne, J. (2009). Bright 
light therapy for agitation in dementia: a randomized controlled trial. Int. 
Psychogeriatr. 21 (04), 711. doi: 10.1017/S1041610209008886

Burns, A., Perry, E., Holmes, C., Francis, P., Morris, J., Howes, M.-J. R., et al. (2011). 
A double-blind placebo-controlled randomized trial of Melissa officinalis oil 
and donepezil for the treatment of agitation in Alzheimer’s disease. Dement. 
Geriatr. Cogn. Disord. 31 (2), 158–164. doi: 10.1159/000324438

Cacabelos, R., and Torrellas, C. (2015). Epigenetics of aging and Alzheimer’s 
disease: implications for pharmacogenomics and drug response. Int. J. Mol. Sci. 
16 (12), 30483–30543. doi: 10.3390/ijms161226236

Cakir, S., and Kulaksizoglu, I. B. (2008). The efficacy of mirtazapine in agitated patients 
with Alzheimer’s disease: a 12-week open-label pilot study. Neuropsychiatr. Dis. 
Treat. 4 (5), 963–966. doi: 10.2147/NDT.S3201

Camberg, L., Woods, P., Ooi, W. L., Hurley, A., Volicer, L., Ashley, J., et al. (1999). 
Evaluation of simulated presence: a personalized approach to enhance well-
being in persons with Alzheimer’s disease. J. Am. Geriatrics Soc. 47 (4), 446–
452. doi: 10.1111/j.1532-5415.1999.tb07237.x

Cao, T., Zhou, X., Zheng, X., Cui, Y., Tsien, J. Z., Li, C., et al. (2018). Histone 
deacetylase inhibitor alleviates the neurodegenerative phenotypes and histone 
dysregulation in presenilins-deficient mice. Front. Aging Neurosci. 10, 137. doi: 
10.3389/fnagi.2018.00137

Cathomas, F., Hartmann, M., Seifritz, E., Pryce, C. R., and Kaiser, S. (2015). The 
translational study of apathy—an ecological approach. Front. Behav. Neurosci. 
9, 241. doi: 10.3389/fnbeh.2015.00241

Chenoweth, L., King, M. T., Jeon, Y.-H., Brodaty, H., Stein-Parbury, J., Norman, R., 
et al. (2009). Caring for Aged Dementia Care Resident Study (CADRES) of 
person-centred care, dementia-care mapping, and usual care in dementia: 
a cluster-randomised trial. Lancet Neurol. 8 (4), 317–325. doi: 10.1016/
S1474-4422(09)70045-6

Chiu, Y.-C., Algase, D., Whall, A., Liang, J., Liu, H.-C., Lin, K.-N., et al. (2004). Getting 
lost: directed attention and executive functions in early Alzheimer’s disease 
patients. Dement. Geriatr. Cogn. Disord. 17 (3), 174–180. doi: 10.1159/000076353

Chong, M. S., Tan, K. T., Tay, L., Wong, Y. M., and Ancoli-Israel, S. (2013). Bright 
light therapy as part of a multicomponent management program improves 
sleep and functional outcomes in delirious older hospitalized adults. Clin. 
Interv. Aging 8, 565–572. doi: 10.2147/CIA.S44926

Cipriani, G., Ulivi, M., Danti, S., Lucetti, C., and Nuti, A. (2016). Sexual 
disinhibition and dementia. Psychogeriatrics 16 (2), 145–153. doi: 10.1111/
psyg.12143

Clyburn, L. D., Stones, M. J., Hadjistavropoulos, T., and Tuokko, H. (2000). 
Predicting caregiver burden and depression in Alzheimer’s disease. J. Gerontol. 
Ser. B, Psychol. Sci. Soc. Sci. 55 (1), S2–13. doi: 10.1093/geronb/55.1.S2

Coccaro, E. F., Sripada, C. S., Yanowitch, R. N., and Phan, K. L. (2011). Corticolimbic 
function in impulsive aggressive behavior. Biol. Psychiatry. 69 (12), 1153–1159. 
doi: 10.1016/j.biopsych.2011.02.032

Cohen-Mansfield, J. (2000). Nonpharmacological management of behavioral 
problems in persons with dementia: the TREA model. Alzheimer’s Care Today 
1 (4), 22. 

Cohen-Mansfield, J. (2013). Nonpharmacologic treatment of behavioral disorders 
in dementia. Curr. Treat. Options Neurol. 15 (6), 765–785. doi: 10.1007/
s11940-013-0257-2

Cohen-Mansfield, J., Dakheel-Ali, M., Marx, M. S., Thein, K., and Regier, N. G. 
(2015). Which unmet needs contribute to behavior problems in persons with 
advanced dementia? Psychiatry Res. 228 (1), 59–64. doi: 10.1016/j.psychres. 
2015.03.043

Cohen-Mansfield, J., Libin, A., and Marx, M. S. (2007). Nonpharmacological 
treatment of agitation: a controlled trial of systematic individualized 
intervention. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 62 (8), 908–916. doi: 
10.1093/gerona/62.8.908

Cohen-Mansfield, J., Thein, K., Marx, M. S., Dakheel-Ali, M., and Freedman, L. 
(2012). Efficacy of nonpharmacologic interventions for agitation in advanced 
dementia: a randomized, placebo-controlled trial. J. Clin. Psychiatry 73 (9), 
1255–1261. doi: 10.4088/JCP.12m07918

Conn, D., and Thorpe, L. (2007). Assessment of behavioural and psychological 
symptoms associated with dementia. Can. J. Neurol. Sci. 34 (S1), S67–S71. doi: 
10.1017/S0317167100005606

Cooke, M. L., Moyle, W., Shum, D. H. K., Harrison, S. D., and Murfield, J. E. 
(2010). A randomized controlled trial exploring the effect of music on agitated 
behaviours and anxiety in older people with dementia. Aging Mental Health 14 
(8), 905–916. doi: 10.1080/13607861003713190

Corbett, B. F., You, J. C., Zhang, X., Pyfer, M. S., Tosi, U., Iascone, D. M., et al. 
(2017). DFosB regulates gene expression and cognitive dysfunction in a 
mouse model of Alzheimer’s disease. Cell Rep. 20 (2), 344–355. doi: 10.1016/j.
celrep.2017.06.040

Cott, C. A., Dawson, P., Sidani, S., and Wells, D. (2002). The effects of a walking/
talking program on communication, ambulation, and functional status in 
residents with Alzheimer disease. Alzheimer Dis. Assoc. Disord. 16 (2), 81–87. 
doi: 10.1097/01.WAD.0000015569.76518.F1

Coupland, C., Dhiman, P., Morriss, R., Arthur, A., Barton, G., and Hippisley-
Cox, J. (2011). Antidepressant use and risk of adverse outcomes in older people: 
population based cohort study. BMJ 343, d4551. doi: 10.1136/bmj.d4551

Cuadrado-Tejedor, M., Garcia-Barroso, C., Sánchez-Arias, J. A., Rabal, O., Pérez-
González, M., Mederos, S., et al. (2017). A first-in-class small-molecule that 
acts as a dual inhibitor of HDAC and PDE5 and that rescues hippocampal 
synaptic impairment in Alzheimer’s disease mice. Neuropsychopharmacology 
42 (2), 524. doi: 10.1038/npp.2016.163

Cummings, J. L., Lyketsos, C. G., Peskind, E. R., Porsteinsson, A. P., Mintzer, J. E., 
Scharre, D. W., et al. (2015). Effect of dextromethorphan–quinidine on agitation 
in patients with Alzheimer disease dementia: a randomized clinical trial. JAMA 
314 (12), 1242–1254. doi: 10.1001/jama.2015.10214

Dalley, J. W., and Robbins, T. W. (2017). Fractionating impulsivity: neuropsychiatric 
implications. Nat. Rev. Neurosci. 18 (3), 158–171. doi: 10.1038/nrn.2017.8

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1016/S1474-4422(18)30039-5
https://doi.org/10.2165/11319240-000000000-00000
https://doi.org/10.2165/11319240-000000000-00000
https://doi.org/10.1097/YCO.0b013e32833111f9
https://doi.org/10.1097/YCO.0b013e32833111f9
https://doi.org/10.4088/JCP.v63n0703
https://doi.org/10.1097/JGP.0b013e318187dde5
https://doi.org/10.1002/14651858.CD005593
https://doi.org/10.1089/cap.2015.0088
https://doi.org/10.1177/000841749105800303
https://doi.org/10.1007/BF00308809
https://doi.org/10.1001/archinte.165.11.1280
https://doi.org/10.1001/archinte.165.11.1280
https://doi.org/10.1176/appi.ajp.2012.11101529
https://doi.org/10.1017/S095925980400108X
https://doi.org/10.1177/153331750201700205
https://doi.org/10.1093/geront/42.4.487
https://doi.org/10.1017/S1041610209008886
https://doi.org/10.1159/000324438
https://doi.org/10.3390/ijms161226236
https://doi.org/10.2147/NDT.S3201
https://doi.org/10.1111/j.1532-5415.1999.tb07237.x
https://doi.org/10.3389/fnagi.2018.00137
https://doi.org/10.3389/fnbeh.2015.00241
https://doi.org/10.1016/S1474-4422(09)70045-6
https://doi.org/10.1016/S1474-4422(09)70045-6
https://doi.org/10.1159/000076353
https://doi.org/10.2147/CIA.S44926
https://doi.org/10.1111/psyg.12143
https://doi.org/10.1111/psyg.12143
https://doi.org/10.1093/geronb/55.1.S2
https://doi.org/10.1016/j.biopsych.2011.02.032
https://doi.org/10.1007/s11940-013-0257-2
https://doi.org/10.1007/s11940-013-0257-2
https://doi.org/10.1016/j.psychres.2015.03.043
https://doi.org/10.1016/j.psychres.2015.03.043
https://doi.org/10.1093/gerona/62.8.908
https://doi.org/10.4088/JCP.12m07918
https://doi.org/10.1017/S0317167100005606
https://doi.org/10.1080/13607861003713190
https://doi.org/10.1016/j.celrep.2017.06.040
https://doi.org/10.1016/j.celrep.2017.06.040
https://doi.org/10.1097/01.WAD.0000015569.76518.F1
https://doi.org/10.1136/bmj.d4551
https://doi.org/10.1038/npp.2016.163
https://doi.org/10.1001/jama.2015.10214
https://doi.org/10.1038/nrn.2017.8


HIDA Domain in Alzheimer’s DiseaseKeszycki et al.

16 September 2019 | Volume 10 | Article 1109Frontiers in Pharmacology | www.frontiersin.org

David, R., Mulin, E., Mallea, P., and Robert, P. H. (2010). Measurement of 
neuropsychiatric symptoms in clinical trials targeting Alzheimer’s disease and 
related disorders. Pharmaceuticals 3 (8), 2387–2397. doi: 10.3390/ph3082387

de Jonghe-Rouleau, A. P., Pot, A. M., and de Jonghe, J. F. M. (2005). Self-injurious 
behaviour in nursing home residents with dementia. Int. J. Geriatr. Psychiatry 
20 (7), 651–657. doi: 10.1002/gps.1337

Deponte, A., and Missan, R. (2007). Effectiveness of validation therapy (VT) 
in group: preliminary results. Arch. Gerontol. Geriatr. 44 (2), 113–117. doi: 
10.1016/j.archger.2006.04.001

Deudon, A., Maubourguet, N., Gervais, X., Leone, E., Brocker, P., Carcaillon, L., et al. 
(2009). Non-pharmacological management of behavioural symptoms in nursing 
homes. Int. J. Geriatr. Psychiatry 24 (12), 1386–1395. doi: 10.1002/gps.2275

Dietch, J. T., Hewett, L. J., and Jones, S. (1989). Adverse effects of reality orientation. 
J. Am. Geriatr. Soc. 37 (10), 974–976. doi: 10.1111/j.1532-5415.1989.tb07284.x

Dowling, G. A., Graf, C. L., Hubbard, E. M., and Luxenberg, J. S. (2007). Light 
treatment for neuropsychiatric behaviors in Alzheimer’s disease. West. J. Nurs. 
Res. 29 (8), 961–975. doi: 10.1177/0193945907303083

D’Amelio, M., Puglisi-Allegra, S., and Mercuri, N. (2018). The role of dopaminergic 
midbrain in Alzheimer’s disease: translating basic science into clinical practice. 
Pharmacol. Res. 130, 414–419. doi: 10.1016/j.phrs.2018.01.016

Eggermont, L. H. P., Blankevoort, C. G., and Scherder, E. J. A. (2010). Walking 
and night-time restlessness in mild-to-moderate dementia: a randomized 
controlled trial. Age Ageing 39 (6), 746–749. doi: 10.1093/ageing/afq115

Farina, N., Morrell, L., and Banerjee, S. (2017). What is the therapeutic value of 
antidepressants in dementia? A narrative review. Int. J. Geriatr. Psychiatry 32 
(1), 32–49. doi: 10.1002/gps.4566

Fauth, E. B., and Gibbons, A. (2014). Which behavioral and psychological 
symptoms of dementia are the most problematic? Variability by prevalence, 
intensity, distress ratings, and associations with caregiver depressive symptoms. 
Int. J. Geriatr. Psychiatry 29 (3), 263–271. doi: 10.1002/gps.4002

Feil, N. (1982). Group work with disoriented nursing home residents. Social Work 
With Groups 5 (2), 57–66. doi: 10.1300/J009v05n02_09

Fhager, B., Meiri, I.-M., Sjögren, M., and Edman, Å. (2003). Treatment of aggressive 
behavior in dementia with the anticonvulsant topiramate: a retrospective pilot 
study. Int. Psychogeriatr. 15 (3), 307–309. doi: 10.1017/S1041610203009554

Fitzsimmons, S., and Buettner, L. L. (2002). Therapeutic recreation interventions 
for need-driven dementia-compromised Am. J. Alzheimers Dis. Other Demen. 
17 (6), 367–381. doi: 10.1177/153331750 201700603

Fossey, J., Ballard, C., Juszczak, E., James, I., Alder, N., Jacoby, R., et al. (2006). 
Effect of enhanced psychosocial care on antipsychotic use in nursing home 
residents with severe dementia: cluster randomised trial. BMJ 332 (7544), 756–
761. doi: 10.1136/bmj.38782.575868.7C

Francis, Y. I., Fà, M., Ashraf, H., Zhang, H., Staniszewski, A., Latchman, D. S., 
et al. (2009). Dysregulation of histone acetylation in the APP/PS1 mouse 
model of Alzheimer’s disease. J. Alzheimer’s Dis. 18 (1), 131–139. doi: 10.3233/
JAD-2009-1134

Freymann, N., Michael, R., Dodel, R., and Jessen, F. (2005). Successful treatment 
of sexual disinhibition in dementia with carbamazepine—a case report. 
Pharmacopsychiatry 38 (3), 144–145. doi: 10.1055/s-2005-864127

Fu, C.-Y., Moyle, W., and Cooke, M. (2013). A randomised controlled trial of 
the use of aromatherapy and hand massage to reduce disruptive behaviour 
in people with dementia. BMC Complement. Altern. Med. 13 (1), 165. doi: 
10.1186/1472-6882-13-165

Fuh, J. L., Liu, C. K., Mega, M. S., Wang, S. J., and Cummings, J. L. (2001). Behavioral 
disorders and caregivers’ reaction in Taiwanese patients with Alzheimer’s 
disease. Int. Psychogeriatr. 13 (1), 121–128. doi: 10.1017/S1041610201007517

Gallagher, D., and Herrmann, N. (2014). Antiepileptic drugs for the treatment of 
agitation and aggression in dementia: do they have a place in therapy? Drugs 74 
(15), 1747–1755. doi: 10.1007/s40265-014-0293-6

Garland, K., Beer, E., Eppingstall, B., and O’Connor, D. W. (2007). A comparison of 
two treatments of agitated behavior in nursing home residents with dementia: 
simulated family presence and preferred music. Am. J. Geriatr. Psychiatry 15 
(6), 514–521. doi: 10.1097/01.JGP.0000249388.37080.b4

Gaugler, J. E., Yu, F., Krichbaum, K., and Wyman, J. F. (2009). Predictors of nursing 
home admission for persons with dementia. Med. Care 47 (2), 191–198. doi: 
10.1097/MLR.0b013e31818457ce

Geda, Y. E., Schneider, L. S., Gitlin, L. N., Miller, D. S., Smith, G. S., Bell, J., et al. 
(2013). Neuropsychiatric symptoms in Alzheimer’s disease: past progress and 

anticipation of the future. Alzheimer’s Dement. 9 (5), 602–608. doi: 10.1016/j.
jalz.2012.12.001

Gilley, D. W., Bienias, J. L., Wilson, R. S., Bennett, D. A., Beck, T. L., and Evans, 
D. A. (2004). Influence of behavioral symptoms on rates of institutionalization 
for persons with Alzheimer’s disease. Psychol. Med. 34 (6), 1129–1135. doi: 
10.1017/S0033291703001831

Gormley, N., Lyons, D., and Howard, R. (2001). Behavioural management of 
aggression in dementia: a randomized controlled trial. Age Ageing 30 (2), 141–
145. doi: 10.1093/ageing/30.2.141

Guadagna, S., Esiri, M. M., Williams, R. J., and Francis, P. T. (2012). Tau phosphorylation 
in human brain: relationship to behavioral disturbance in dementia. Neurobiol. 
Aging 33 (12), 2798–2806. doi: 10.1016/j.neurobiolaging.2012.01.015

Hanley, I. G., McGuire, R. J., and Boyd, W. D. (1981). Reality orientation and 
dementia: a controlled trial of two approaches. Br. J. Psychiatry 138 (1), 10–14. 
doi: 10.1192/bjp.138.1.10

Hasselbalch, S. G., Madsen, K., Svarer, C., Pinborg, L. H., Holm, S., Paulson, O. B., 
et al. (2008). Reduced 5-HT2A receptor binding in patients with mild 
cognitive impairment. Neurobiol. Aging 29 (12), 1830–1838. doi: 10.1016/j.
neurobiolaging.2007.04.011

Hepburn, K., Lewis, M., Tornatore, J., Sherman, C. W., and Bremer, K. L. (2007). 
The Savvy Caregiver program: the demonstrated effectiveness of a transportable 
dementia caregiver psychoeducation program. J. Gerontol. Nurs. 33 (3), 30–36. 

Herrmann, N., Black, S. E., Chow, T., Cappell, J., Tang-Wai, D. F., and Lanctôt, K. L. 
(2012). Serotonergic function and treatment of behavioral and psychological 
symptoms of frontotemporal dementia. Am. J. Geriatr. Psychiatry: Off. J. Am. 
Assoc. Geriatr. Psychiatry 20 (9), 789–797. doi: 10.1097/JGP.0b013e31823033f3

Herrmann, N., Lanctôt, K. L., Sambrook, R., Lesnikova, N., Hébert, R., McCracken, P., 
et al. (2006). The contribution of neuropsychiatric symptoms to the cost of dementia 
care. Int. J. Geriatr. Psychiatry 21 (10), 972–976. doi: 10.1002/gps.1594

Hicks-Moore, S. L., and Robinson, B. A. (2008). Favorite music and hand massage. 
Dementia 7 (1), 95–108. doi: 10.1177/1471301207085369

Holmes, C., Hopkins, V., Hensford, C., MacLaughlin, V., Wilkinson, D., and 
Rosenvinge, H. (2002). Lavender oil as a treatment for agitated behaviour in 
severe dementia: a placebo controlled study. Int. J. Geriatr. Psychiatry 17 (4), 
305–308. doi: 10.1002/gps.593

Hoptman, M. J. (2015). Impulsivity and aggression in schizophrenia: a neural 
circuitry perspective with implications for treatment. CNS Spectr. 20 (3), 280–
286. doi: 10.1017/S1092852915000206

Howard, R. J., Juszczak, E., Ballard, C. G., Bentham, P., Brown, R. G., Bullock, R., 
et al. (2007). Donepezil for the treatment of agitation in Alzheimer’s disease. N. 
Engl. J. Med. 357 (14), 1382–1392. doi: 10.1056/NEJMoa066583

Huang, H.-L., Shyu, Y.-I. L., Chen, M.-C., Chen, S.-T., and Lin, L.-C. (2003). A pilot 
study on a home-based caregiver training program for improving caregiver 
self-efficacy and decreasing the behavioral problems of elders with dementia in 
Taiwan. Int. J. Geriatr. Psychiatry 18 (4), 337–345. doi: 10.1002/gps.835

Husebo, B. S., Ballard, C., Sandvik, R., Nilsen, O. B., and Aarsland, D. (2011). 
Efficacy of treating pain to reduce behavioural disturbances in residents of 
nursing homes with dementia: cluster randomised clinical trial. BMJ 343, 
d4065. doi: 10.1136/bmj.d4065

Hébert, R., Lévesque, L., Vézina, J., Lavoie, J.-P., Ducharme, F., Gendron, C., 
et al. (2003). Efficacy of a psychoeducative group program for caregivers of 
demented persons living at home: a randomized controlled trial. J. Gerontol. 
Ser. B Psychol. Sci. Soc. Sci. 58 (1), S58–S67. doi: 10.1093/geronb/58.1.S58

Ikeda, M., Tanabe, H., Horino, T., Komori, K., Hirao, K., Yamada, N., et al. (1995). 
Care for patients with Pick’s disease—by using their preserved procedural 
memory. Seishin Shinkeigaku Zasshi = Psychiatria Et Neurologia Japonica 97 
(3), 179–192. 

Jeon, Y. H., Sansoni, J., Low, L. F., Chenoweth, L., Zapart, S., Sansoni, E., et al. 
(2011). Recommended measures for the assessment of behavioral disturbances 
associated with dementia. Am. J. Geriatr. Psychiatry 19 (5), 403–415. doi: 
10.1097/JGP.0b013e3181ef7a0d

Jeste, D. V., Meeks, T. W., Kim, D. S., and Zubenko, G. S. (2006). Research 
agenda for DSM-V: diagnostic categories and criteria for neuropsychiatric 
syndromes in dementia. J. Geriatr. Psychiatry Neurol. 19 (3), 160–171. doi: 
10.1177/0891988706291087

Jin, B., and Liu, H. (2019). Comparative efficacy and safety of therapy for the 
behavioral and psychological symptoms of dementia: a systemic review and 
Bayesian network meta-analysis. J. Neurol. doi: 10.1007/s00415-019-09200-8

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.3390/ph3082387
https://doi.org/10.1002/gps.1337
https://doi.org/10.1016/j.archger.2006.04.001
https://doi.org/10.1002/gps.2275
https://doi.org/10.1111/j.1532-5415.1989.tb07284.x
https://doi.org/10.1177/0193945907303083
https://doi.org/10.1016/j.phrs.2018.01.016
https://doi.org/10.1093/ageing/afq115
https://doi.org/10.1002/gps.4566
https://doi.org/10.1002/gps.4002
https://doi.org/10.1300/J009v05n02_09
https://doi.org/10.1017/S1041610203009554
https://doi.org/10.1177/153331750201700603
https://doi.org/10.1136/bmj.38782.575868.7C
https://doi.org/10.3233/JAD-2009-1134
https://doi.org/10.3233/JAD-2009-1134
https://doi.org/10.1055/s-2005-864127
https://doi.org/10.1186/1472-6882-13-165
https://doi.org/10.1017/S1041610201007517
https://doi.org/10.1007/s40265-014-0293-6
https://doi.org/10.1097/01.JGP.0000249388.37080.b4
https://doi.org/10.1097/MLR.0b013e31818457ce
https://doi.org/10.1016/j.jalz.2012.12.001
https://doi.org/10.1016/j.jalz.2012.12.001
https://doi.org/10.1017/S0033291703001831
https://doi.org/10.1093/ageing/30.2.141
https://doi.org/10.1016/j.neurobiolaging.2012.01.015
https://doi.org/10.1192/bjp.138.1.10
https://doi.org/10.1016/j.neurobiolaging.2007.04.011
https://doi.org/10.1016/j.neurobiolaging.2007.04.011
https://doi.org/10.1097/JGP.0b013e31823033f3
https://doi.org/10.1002/gps.1594
https://doi.org/10.1177/1471301207085369
https://doi.org/10.1002/gps.593
https://doi.org/10.1017/S1092852915000206
https://doi.org/10.1056/NEJMoa066583
https://doi.org/10.1002/gps.835
https://doi.org/10.1136/bmj.d4065
https://doi.org/10.1093/geronb/58.1.S58
https://doi.org/10.1097/JGP.0b013e3181ef7a0d
https://doi.org/10.1177/0891988706291087
https://doi.org/10.1007/s00415-019-09200-8


HIDA Domain in Alzheimer’s DiseaseKeszycki et al.

17 September 2019 | Volume 10 | Article 1109Frontiers in Pharmacology | www.frontiersin.org

Johnson, C., Knight, C., and Alderman, N. (2006). Challenges associated with 
the definition and assessment of inappropriate sexual behaviour amongst 
individuals with an acquired neurological impairment. Brain Inj. 20 (7), 687–
693. doi: 10.1080/02699050600744137

Kales, H. C., Gitlin, L. N., and Lyketsos, C. G. (2014). Management of 
neuropsychiatric symptoms of dementia in clinical settings: recommendations 
from a multidisciplinary expert panel. J. Am. Geriatr. Soc. 62 (4), 762–769. doi: 
10.1111/jgs.12730

Kales, H. C., Lyketsos, C. G., Miller, E. M., and Ballard, C. (2019). Management of 
behavioral and psychological symptoms in people with Alzheimer’s disease: an 
international Delphi consensus. Int. Psychogeriatr. 31 (1), 83–90. doi: 10.1017/
S1041610218000534

Kamel, H. K., and Hajjar, R. R. (2003). Sexuality in the nursing home, part 2: 
managing abnormal behavior—legal and ethical issues. J. Am. Med. Dir. Assoc. 
4 (4), 203–206. doi: 10.1097/01.JAM.0000073961.02891.33

Kikhia, B., Stavropoulos, T. G., Meditskos, G., Kompatsiaris, I., Hallberg, J., 
Sävenstedt, S., et al. (2015). Utilizing ambient and wearable sensors to monitor 
sleep and stress for people with BPSD in nursing homes. J. Ambient Intell. Hum. 
Comput. 9 (2), 261–273. doi: 10.1007/s12652-015-0331-6

Kirkham, J., Sherman, C., Velkers, C., Maxwell, C., Gill, S., Rochon, P., et al. (2017). 
Antipsychotic use in dementia: is there a problem and are there solutions? Can. 
J. Psychiatry 62 (3), 170–181. doi: 10.1177/0706743716673321

Kitten, A. K., Hallowell, S. A., Saklad, S. R., and Evoy, K. E. (2018). Pimavanserin. 
Innovations Clin. Neurosci. 15 (1-2), 16–22. 

Koenig, A. M., Arnold, S. E., and Streim, J. E. (2016). Agitation and irritability in 
Alzheimer’s disease: evidenced-based treatments and the black-box warning. 
Curr. Psychiatry Rep. 18 (1), 3. doi: 10.1007/s11920-015-0640-7

Kolanowski, A., Litaker, M., Buettner, L., Moeller, J., and Costa, P. T., Jr. (2011). 
A randomized clinical trial of theory-based activities for the behavioral 
symptoms of dementia in nursing home residents. J. Am. Geriatr. Soc. 59 (6), 
1032–1041. doi: 10.1111/j.1532-5415.2011.03449.x

Kong, E.-H., Evans, L. K., and Guevara, J. P. (2009). Nonpharmacological 
intervention for agitation in dementia: a systematic review and meta-analysis. 
Aging Mental Health 13 (4), 512–520. doi: 10.1080/13607860902774394

Kongpakwattana, K., Sawangjit, R., Tawankanjanachot, I., Bell, J. S., Hilmer, S. N., 
and Chaiyakunapruk, N. (2018). Pharmacological treatments for alleviating 
agitation in dementia: a systematic review and network meta-analysis. Br. J. 
Clin. Pharmacol. 84 (7), 1445–1456. doi: 10.1111/bcp.13604

Konovalov, S., Muralee, S., and Tampi, R. R. (2008). Anticonvulsants for the 
treatment of behavioral and psychological symptoms of dementia: a literature 
review. Int. Psychogeriatr. 20 (02), 293–308. doi: 10.1017/S1041610207006540

Kovach, C. R., Logan, B. R., Noonan, P. E., Schlidt, A. M., Smerz, J., Simpson, M., 
et al. (2006). Effects of the serial trial intervention on discomfort and behavior 
of nursing home residents with dementia. Am. J. Alzheimer’s Dis. Other Dement. 
21 (3), 147–155. doi: 10.1177/1533317506288949

Kurita, M., Holloway, T., García-Bea, A., Kozlenkov, A., Friedman, A. K., Moreno, 
J. L., et al. (2012). HDAC2 regulates atypical antipsychotic responses through 
the modulation of mGlu2 promoter activity. Nat. Neurosci. 15 (9), 1245. doi: 
10.1038/nn.3181

Kurz, A., Thöne-Otto, A., Cramer, B., Egert, S., Frölich, L., Gertz, H.-J., et al. 
(2012). CORDIAL: cognitive rehabilitation and cognitive-behavioral treatment 
for early dementia in Alzheimer disease: a multicenter, randomized, controlled 
trial. Alzheimer Dis. Assoc. Disord. 26 (3), 246–253. doi: 10.1097/WAD.0b01 
3e318231e46e

Kwok, T., Au, A., Wong, B., Ip, I., Mak, V., and Ho, F. (2014). Effectiveness of online 
cognitive behavioral therapy on family caregivers of people with dementia. 
Clin. Interv. Aging 9, 631–636. doi: 10.2147/CIA.S56337

Kyomen, H., Whitfield, T., and Baldessarini, R. (2007). Levetiracetam for 
manic behavior in hospitalized geriatric patients with dementia of the 
Alzheimer’s type. J. Clin. Psychopharmacol. 27 (4), 408–410. doi: 10.1097/01.
jcp.0000264996.08901.3c

Lanctôt, K. L., Amatniek, J., Ancoli-Israel, S., Arnold, S. E., Ballard, C., Cohen-
Mansfield, J., et al. (2017). Neuropsychiatric signs and symptoms of Alzheimer’s 
disease: new treatment paradigms. Alzheimer’s Dement. (N. Y, N. Y.) 3 (3), 440–
449. doi: 10.1016/j.trci.2017.07.001

Lebert, F., and Pasquier, F. (1999). Trazodone in the treatment of behaviour in 
frontotemporal dementia. Hum. Psychopharmacol. Clin. Exp. 14 (4), 279–281. 
doi: 10.1002/(SICI)1099-1077(199906)14:4<279::AID-HUP89>3.0.CO;2-1

Leclerc, M. P., Regenbogen, C., Hamilton, R. H., and Habel, U. (2018). Some 
neuroanatomical insights to impulsive aggression in schizophrenia. 
Schizophrenia Res. 201, 27–34. doi: 10.1016/j.schres.2018.06.016

Leeuwen, E. V., Petrovic, M., Driel, M. L., Sutter, A. I. M. D., Stichele, R. V., 
Declercq,  T., et al. (2018). Withdrawal versus continuation of long-term 
antipsychotic drug use for behavioural and psychological symptoms in older 
people with dementia. Cochrane Database Syst. Rev. 3. doi: 10.1002/14651858.
CD007726.pub3

Legere, L. E., McNeill, S., Schindel Martin, L., Acorn, M., and An, D. (2018). 
Nonpharmacological approaches for behavioural and psychological symptoms 
of dementia in older adults: a systematic review of reviews. J. Clin. Nurs. 27 
(7-8), e1360–e1376. doi: 10.1111/jocn.14007

Leone, E., Deudon, A., Maubourguet, N., Gervais, X., and Robert, P. H. (2009). 
Methodological issues in the non pharmacological treatment of BPSD in 
nursing home—the TNM study. J. Nutr. Health Aging 13 (3), 260–263. doi: 
10.1007/s12603-009-0069-y

Lin, P. W.-K., Chan, W.-C., Ng, B. F.-L., and Lam, L. C.-W. (2007). Efficacy 
of aromatherapy (Lavandula angustifolia) as an intervention for agitated 
behaviours in Chinese older persons with dementia: a cross-over randomized 
trial. Int. J. Geriatr. Psychiatry J. Psychiatry Late Life Allied Sci. 22 (5), 405–410. 
doi: 10.1002/gps.1688

Livingston, G., Johnston, K., Katona, C., Paton, J., Lyketsos, C. G., Old Age Task 
Force of the World Federation of Biological, et al. (2005). Systematic review of 
psychological approaches to the management of neuropsychiatric symptoms 
of dementia. Am. J. Psychiatry 162 (11), 1996–2021. doi: 10.1176/appi.
ajp.162.11.1996

Lo Coco, D., and Cannizzaro, E. (2010). Inappropriate sexual behaviors associated 
with donepezil treatment: a case report. J. Clin. Psychopharmacol. 30 (2), 221–
222. doi: 10.1097/JCP.0b013e3181d35c14

Lockhart, I. A., Orme, M. E., and Mitchell, S. A. (2011). The efficacy of licensed-
indication use of donepezil and memantine monotherapies for treating 
behavioural and psychological symptoms of dementia in patients with 
Alzheimer’s disease: systematic review and meta-analysis. Dement. Geriatr. 
Cogn. Disord. EXTRA 1 (1), 212–227. doi: 10.1159/000330032

Lowery, D., Cerga-Pashoja, A., Iliffe, S., Thuné-Boyle, I., Griffin, M., Lee, J., et al. 
(2014). The effect of exercise on behavioural and psychological symptoms of 
dementia: the EVIDEM-E randomised controlled clinical trial. Int. J. Geriatr. 
Psychiatry 29 (8), 819–827. doi: 10.1002/gps.4062

Lykkeslet, E., Gjengedal, E., Skrondal, T., and Storjord, M.-B. (2014). Sensory 
stimulation—a way of creating mutual relations in dementia care. Int. J. Qual. 
Stud. Health Well-being 9 (1), 23888. doi: 10.3402/qhw.v9.23888

Lyness, S. (2003). Neuron loss in key cholinergic and aminergic nuclei in 
Alzheimer disease: a meta-analysis. Neurobiol. Aging 24 (1), 1–23. doi: 10.1016/
S0197-4580(02)00057-X

Maher, A. R., Maglione, M., Bagley, S., Suttorp, M., Hu, J.-H., Ewing, B., et al. 
(2011). Efficacy and comparative effectiveness of atypical antipsychotic 
medications for off-label uses in adults: a systematic review and meta-analysis. 
JAMA 306 (12), 1359–1369. doi: 10.1001/jama.2011.1360

Mahlberg, R., Walther, S., Eichmann, U., Tracik, F., and Kunz, D. (2007). Effects 
of rivastigmine on actigraphically monitored motor activity in severe agitation 
related to Alzheimer’s disease: a placebo-controlled pilot study. Arch. Gerontol. 
Geriatr. 45 (1), 19–26. doi: 10.1016/j.archger.2006.07.006

Margallo-Lana, M., Swann, A., O’Brien, J., Fairbairn, A., Reichelt, K., 
Potkins, D., et al. (2001). Prevalence and pharmacological management 
of behavioural and psychological symptoms amongst dementia sufferers 
living in care environments. Int. J. Geriatr. Psychiatry 16 (1), 39–44. doi: 
10.1002/1099-1166(200101)16:1<39::AID-GPS269>3.0.CO;2-F

Marner, L., Frokjaer, V. G., Kalbitzer, J., Lehel, S., Madsen, K., Baaré, W. F., 
et al. (2012). Loss of serotonin 2A receptors exceeds loss of serotonergic 
projections in early Alzheimer’s disease: a combined [11C]DASB and [18F]
altanserin-PET study. Neurobiol. Aging 33 (3), 479–487. doi: 10.1016/j.
neurobiolaging.2010.03.023

Marriott, A., Donaldson, C., Tarrier, N., and Burns, A. (2000). Effectiveness of 
cognitive–behavioural family intervention in reducing the burden of care in 
carers of patients with Alzheimer’s disease. Br. J. Psychiatry 176 (06), 557–562. 
doi: 10.1192/bjp.176.6.557

Mastroeni, D., Grover, A., Delvaux, E., Whiteside, C., Coleman, P. D., and 
Rogers, J. (2010). Epigenetic changes in Alzheimer’s disease: decrements 

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1080/02699050600744137
https://doi.org/10.1111/jgs.12730
https://doi.org/10.1017/S1041610218000534
https://doi.org/10.1017/S1041610218000534
https://doi.org/10.1097/01.JAM.0000073961.02891.33
https://doi.org/10.1007/s12652-015-0331-6
https://doi.org/10.1177/0706743716673321
https://doi.org/10.1007/s11920-015-0640-7
https://doi.org/10.1111/j.1532-5415.2011.03449.x
https://doi.org/10.1080/13607860902774394
https://doi.org/10.1111/bcp.13604
https://doi.org/10.1017/S1041610207006540
https://doi.org/10.1177/1533317506288949
https://doi.org/10.1038/nn.3181
https://doi.org/10.1097/WAD.0b013e318231e46e
https://doi.org/10.1097/WAD.0b013e318231e46e
https://doi.org/10.2147/CIA.S56337
https://doi.org/10.1097/01.jcp.0000264996.08901.3c
https://doi.org/10.1097/01.jcp.0000264996.08901.3c
https://doi.org/10.1016/j.trci.2017.07.001
https://doi.org/10.1002/(SICI)1099-1077(199906)14:4<279::AID-HUP89>3.0.CO;2-1
https://doi.org/10.1016/j.schres.2018.06.016
https://doi.org/10.1002/14651858.CD007726.pub3
https://doi.org/10.1002/14651858.CD007726.pub3
https://doi.org/10.1111/jocn.14007
https://doi.org/10.1007/s12603-009-0069-y
https://doi.org/10.1002/gps.1688
https://doi.org/10.1176/appi.ajp.162.11.1996
https://doi.org/10.1176/appi.ajp.162.11.1996
https://doi.org/10.1097/JCP.0b013e3181d35c14
https://doi.org/10.1159/000330032
https://doi.org/10.1002/gps.4062
https://doi.org/10.3402/qhw.v9.23888
https://doi.org/10.1016/S0197-4580(02)00057-X
https://doi.org/10.1016/S0197-4580(02)00057-X
https://doi.org/10.1001/jama.2011.1360
https://doi.org/10.1016/j.archger.2006.07.006
https://doi.org/10.1002/1099-1166(200101)16:1<39::AID-GPS269>3.0.CO;2-F
https://doi.org/10.1016/j.neurobiolaging.2010.03.023
https://doi.org/10.1016/j.neurobiolaging.2010.03.023
https://doi.org/10.1192/bjp.176.6.557


HIDA Domain in Alzheimer’s DiseaseKeszycki et al.

18 September 2019 | Volume 10 | Article 1109Frontiers in Pharmacology | www.frontiersin.org

in DNA methylation. Neurobiol. Aging 31 (12), 2025–2037. doi: 10.1016/j.
neurobiolaging.2008.12.005

Matteson, M. A., and Linton, A. (1996). Wandering behaviors in institutionalized 
persons with dementia. J. Gerontol. Nurs. 22 (9), 39–46. doi: 10.3928/0098-
9134-19 960901-11

McCallion, P., Toseland, R. W., and Freeman, K. (1999). An evaluation of a family 
visit education program. J. Am. Geriatrics Soc. 47 (2), 203–214. doi: 10.1111/
j.1532-5415.1999.tb04579.x

McClarty, B. M., Fisher, D. W., and Dong, H. (2018). Epigenetic alterations impact 
on antipsychotic treatment in elderly patients. Curr. Treat. Options Psychiatry 
5 (1), 17–29. doi: 10.1007/s40501-018-0134-4

McShane, R., Westby, M. J., Roberts, E., Minakaran, N., Schneider, L., Farrimond, 
L. E., et al. (2019). Memantine for dementia. Cochrane Database Syst. Rev. 3. 
doi: 10.1002/14651858.CD003154.pub6

Mendez, M. F., Shapira, J. S., McMurtray, A., and Licht, E. (2007). Preliminary 
findings: behavioral worsening on donepezil in patients with frontotemporal 
dementia. Am. J. Geriatr. Psychiatry 15 (1), 84–87. doi: 10.1097/01.
JGP.0000231744.69631.33

Miller, L. J. (2001). Gabapentin for treatment of behavioral and psychological 
symptoms of dementia. Ann. Pharmacother. 35 (4), 427–431. doi: 10.1345/
aph.10217

Molinari, V., Chiriboga, D., Branch, L. G., Cho, S., Turner, K., Guo, J., et al. (2010). 
Provision of psychopharmacological services in nursing homes. J. Gerontol. Ser. 
B Psychol. Sci. Social Sci. 65B (1), 57–60. doi: 10.1093/geronb/gbp080

Montalvo-Ortiz, J. L., Fisher, D. W., Rodriguez, G., Fang, D., Csernansky, J. G., and 
Dong, H. (2017). Histone deacetylase inhibitors reverse age-related increases in 
side effects of haloperidol in mice. Psychopharmacology 234 (16), 2385–2398. 
doi: 10.1007/s00213-017-4629-2

Montalvo-Ortiz, J. L., Keegan, J., Gallardo, C., Gerst, N., Tetsuka, K., Tucker,  C., 
et al. (2014). HDAC inhibitors restore the capacity of aged mice to respond to 
haloperidol through modulation of histone acetylation. Neuropsychopharmacology 
39 (6), 1469–1478. doi: 10.1038/npp.2013.346

Mowla, A., and Pani, A. (2010). Comparison of topiramate and risperidone for 
the treatment of behavioral disturbances of patients with Alzheimer disease. 
J. Clin. Psychopharmacol. 30 (1), 40–43. doi: 10.1097/JCP.0b013e3181ca0c59

Moyle, W., Cooke, M. L., Beattie, E., Shum, D. H. K., O’Dwyer, S. T., and Barrett, S. 
(2014). Foot massage versus quiet presence on agitation and mood in people 
with dementia: a randomised controlled trial. Int. J. Nurs. Stud. 51 (6), 856–864. 
doi: 10.1016/j.ijnurstu.2013.10.019

Mulin, E., Zeitzer, J. M., Friedman, L., Le Duff, F., Yesavage, J., Robert, P. H., 
et al. (2011). Relationship between apathy and sleep disturbance in mild and 
moderate Alzheimer’s disease: an actigraphic study. J. Alzheimer’s Dis. 25 (1), 
85–91. doi: 10.3233/JAD-2011-101701

Ng, B., Camacho, A., Bardwell, W., and Sewell, D. D. (2009). Lamotrigine for 
agitation in older patients with dementia. Int. Psychogeriatr. 21 (1), 207–208. 
doi: 10.1017/S1041610208007898

Nguyen, V. T., Love, A. R., and Kunik, M. E. (2008). Preventing aggression in 
persons with dementia. Geriatrics 63 (11), 21–26. 

Nobili, A., Latagliata, E. C., Viscomi, M. T., Cavallucci, V., Cutuli, D., 
Giacovazzo, G., et al. (2017). Dopamine neuronal loss contributes to memory 
and reward dysfunction in a model of Alzheimer’s disease. Nat. Commun. 8 
14727. doi: 10.1038/ncomms14727

O’Connell, B., Gardner, A., Takase, M., Hawkins, M. T., Ostaszkiewicz, J., Ski, C., 
et al. (2007). Clinical usefulness and feasibility of using reality orientation with 
patients who have dementia in acute care settings. Int. J. Nurs. Pract. 13 (3), 
182–192. doi: 10.1111/j.1440-172X.2007.00624.x

O’Mahony, D., O'Sullivan, D., Byrne, S., O’Connor, M. N., Ryan, C., and 
Gallagher,  P. (2015). STOPP/START criteria for potentially inappropriate 
prescribing in older people: version 2. Age Ageing, 44 (2), 213–218.

O’Shea, E., Devane, D., Cooney, A., Casey, D., Jordan, F., Hunter, A., et al. (2014). The 
impact of reminiscence on the quality of life of residents with dementia in long-
stay care. Int. J. Geriatr. Psychiatry 29 (10), 1062–1070. doi: 10.1002/gps.4099

Onder, G., Zanetti, O., Giacobini, E., Frisoni, G. B., Bartorelli, L., Carbone, G., et al. 
(2005). Reality orientation therapy combined with cholinesterase inhibitors in 
Alzheimer’s disease: randomised controlled trial. Br. J. Psychiatry 187 (05), 
450–455. doi: 10.1192/bjp.187.5.450

O’Connor, D. W., Eppingstall, B., Taffe, J., and Van Der Ploeg, E. S. (2013). 
A randomized, controlled cross-over trial of dermally-applied lavender 

(Lavandula angustifolia) oil as a treatment of agitated behaviour in dementia. 
BMC Complement. Altern. Med. 13 (1), 315. doi: 10.1186/1472-6882-13-315

Parvizi, J., Van Hoesen, G. W., and Damasio, A. (2001). The selective vulnerability 
of brainstem nuclei to Alzheimer’s disease. Ann. Neurol.: Off. J. Am. Neurol. 
Assoc. Child Neurol. Soc. 49 (1), 53–66. doi: 10.1002/1531-8249(200101)49:1< 
53::AID-ANA30>3.0.CO;2-Q

Passmore, M. J., Gardner, D. M., Polak, Y., and Rabheru, K. (2008). Alternatives 
to atypical antipsychotics for the management of dementia-related agitation. 
Drugs Aging 25 (5), 381–398. doi: 10.2165/00002512-200825050-00003

Pedersen, S. K. A., Andersen, P. N., Lugo, R. G., Andreassen, M., and Sütterlin, S. 
(2017). Effects of music on agitation in dementia: a meta-analysis. Front. 
Psychol. 8. doi: 10.3389/fpsyg.2017.00742

Peskind, E. R., Tsuang, D. W., Bonner, L. T., Pascualy, M., Riekse, R. G., Snowden, M. B., 
et al. (2005). Propranolol for disruptive behaviors in nursing home residents with 
probable or possible Alzheimer disease: a placebo-controlled study. Alzheimer 
Dis. Assoc. Disord. 19 (1), 23–28. doi: 10.1097/01.wad.0000155067.16313.5e

Petrovic, M., Hurt, C., Collins, D., Burns, A., Camus, V., Liperoti, R., et al. (2007). 
Clustering of behavioural and psychological symptoms in dementia (BPSD): A 
European Alzheimer’s Disease Consortium (EADC) Study. Acta Clin. Belg. 62 
(6), 426–432. doi: 10.1179/acb.2007.062

Porsteinsson, A. P., Drye, L. T., Pollock, B. G., Devanand, D. P., Frangakis, C., Ismail, Z., 
et al. (2014). Effect of citalopram on agitation in Alzheimer disease: the CitAD 
randomized clinical trial. JAMA 311 (7), 682–691. doi: 10.1001/jama.2014.93

Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W., and Ferri, C. P. (2013). 
The global prevalence of dementia: a systematic review and metaanalysis. 
Alzheimer’s Dement. 9 (1), 63–75. doi: 10.1016/j.jalz.2012.11.007

Raglio, A., Bellelli, G., Traficante, D., Gianotti, M., Ubezio, M. C., Villani, D., et al., 
(2008). Efficacy of music therapy in the treatment of behavioral and psychiatric 
symptoms of dementia 22 (2), 158–162. Alzheimer Dis. Assoc. Disord. doi: 
10.1097/WAD.0b013e3181630b6f

Ragneskog, H., Gerdner, L. A., Josefsson, K., and Kihlgren, M. (1998). Probable 
reasons for expressed agitation in persons with dementia. Clin. Nurs. Res. 7 (2), 
189–206. doi: 10.1177/105477389800700207

Reichman, W. E., Coyne, A. C., Borson, S., Negrón, A. E., Rovner, B. W., Pelchat, R. J., 
et al. (1998). Psychiatric consultation in the nursing home: a survey of six states. 
Am. J. Geriatr. Psychiatry 6 (4), 320–327. doi: 10.1097/00019442-199800640-00007

Remington, R. (2002). Calming music and hand massage with agitated elderly. 
Nurs. Res. 51 (5), 317–323. doi: 10.1097/00006199-200209000-00008

Reus, V. I., Fochtmann, L. J., Eyler, A. E., Hilty, D. M., Horvitz-Lennon, M., Jibson, 
M. D., et al. (2016). The American Psychiatric Association practice guideline 
on the use of antipsychotics to treat agitation or psychosis in patients with 
dementia. Am. J. Psychiatry 173 (5), 543–546. doi: 10.1176/appi.ajp.2015.173501

Robichaud, L., Hébert, R., and Desrosiers, J. (1994). Efficacy of a sensory integration 
program on behaviors of inpatients with dementia. Am. J. Occup. Ther. Off. 
Publ. Am. Occup. Ther. Assoc. 48 (4), 355–360. doi: 10.5014/ajot.48.4.355

Rodda, J., Morgan, S., and Walker, Z. (2009). Are cholinesterase inhibitors effective 
in the management of the behavioral and psychological symptoms of dementia 
in Alzheimer’s disease? A systematic review of randomized, placebo-controlled 
trials of donepezil, rivastigmine and galantamine. Int. Psychogeriatr. 21 (5), 
813–824. doi: 10.1017/S1041610209990354

Rolland, Y., Pillard, F., Klapouszczak, A., Reynish, E., Thomas, D., Andrieu, S., 
et al. (2007). Exercise program for nursing home residents with Alzheimer’s 
disease: a 1-year randomized, controlled trial. J. Am. Geriatrics Soc. 55 (2), 
158–165. doi: 10.1111/j.1532-5415.2007.01035.x

Rosenberg, P. B., Nowrangi, M. A., and Lyketsos, C. G. (2015). Neuropsychiatric 
symptoms in Alzheimer’s disease: what might be associated brain circuits? Mol. 
Asp. Med. 0, 25–37. doi: 10.1016/j.mam.2015.05.005

Rowe, M. A., Kelly, A., Horne, C., Lane, S., Campbell, J., Lehman, B., et al. (2009). 
Reducing dangerous nighttime events in persons with dementia by using 
a nighttime monitoring system. Alzheimer’s Dement. 5 (5), 419–426. doi: 
10.1016/j.jalz.2008.08.005

Rymer, S., Salloway, S., Norton, L., Malloy, P., Correia, S., and Monast, D. 
(2002). Impaired awareness, behavior disturbance, and caregiver burden 
in Alzheimer disease. Alzheimer Dis. Assoc. Disord. 16 (4), 248–253. doi: 
10.1097/00002093-200210000-00006

Santa Cruz, M. R., Hidalgo, P. C., Lee, M. S., Thomas, C. W., and Holroyd, S. 
(2017). Buspirone for the treatment of dementia with behavioral disturbance. 
Int. Psychogeriatr. 29 (5), 859–862. doi: 10.1017/S1041610216002441

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1016/j.neurobiolaging.2008.12.005
https://doi.org/10.1016/j.neurobiolaging.2008.12.005
https://doi.org/10.3928/0098-9134-19960901-11
https://doi.org/10.3928/0098-9134-19960901-11
https://doi.org/10.1111/j.1532-5415.1999.tb04579.x
https://doi.org/10.1111/j.1532-5415.1999.tb04579.x
https://doi.org/10.1007/s40501-018-0134-4
https://doi.org/10.1002/14651858.CD003154.pub6
https://doi.org/10.1097/01.JGP.0000231744.69631.33
https://doi.org/10.1097/01.JGP.0000231744.69631.33
https://doi.org/10.1345/aph.10217
https://doi.org/10.1345/aph.10217
https://doi.org/10.1093/geronb/gbp080
https://doi.org/10.1007/s00213-017-4629-2
https://doi.org/10.1038/npp.2013.346
https://doi.org/10.1097/JCP.0b013e3181ca0c59
https://doi.org/10.1016/j.ijnurstu.2013.10.019
https://doi.org/10.3233/JAD-2011-101701
https://doi.org/10.1017/S1041610208007898
https://doi.org/10.1038/ncomms14727
https://doi.org/10.1111/j.1440-172X.2007.00624.x
https://doi.org/10.1002/gps.4099
https://doi.org/10.1192/bjp.187.5.450
https://doi.org/10.1186/1472-6882-13-315
https://doi.org/10.1002/1531-8249(200101)49:1<53::AID-ANA30>3.0.CO;2-Q
https://doi.org/10.1002/1531-8249(200101)49:1<53::AID-ANA30>3.0.CO;2-Q
https://doi.org/10.2165/00002512-200825050-00003
https://doi.org/10.3389/fpsyg.2017.00742
https://doi.org/10.1097/01.wad.0000155067.16313.5e
https://doi.org/10.1179/acb.2007.062
https://doi.org/10.1001/jama.2014.93
https://doi.org/10.1016/j.jalz.2012.11.007
https://doi.org/10.1097/WAD.0b013e3181630b6f
https://doi.org/10.1177/105477389800700207
https://doi.org/10.1097/00019442-199800640-00007
https://doi.org/10.1097/00006199-200209000-00008
https://doi.org/10.1176/appi.ajp.2015.173501
https://doi.org/10.5014/ajot.48.4.355
https://doi.org/10.1017/S1041610209990354
https://doi.org/10.1111/j.1532-5415.2007.01035.x
https://doi.org/10.1016/j.mam.2015.05.005
https://doi.org/10.1016/j.jalz.2008.08.005
https://doi.org/10.1097/00002093-200210000-00006
https://doi.org/10.1017/S1041610216002441


HIDA Domain in Alzheimer’s DiseaseKeszycki et al.

19 September 2019 | Volume 10 | Article 1109Frontiers in Pharmacology | www.frontiersin.org

Sato, S., Mizukami, K., and Asada, T. (2007). A preliminary open-label study 
of 5-HT1A partial agonist tandospirone for behavioural and psychological 
symptoms associated with dementia. Int. J. Neuropsychopharmacol. 10 (2), 
281–283. doi: 10.1017/S1461145706007000

Scales, K., Zimmerman, S., and Miller, S. J. (2018). Evidence-based nonpharmacological 
practices to address behavioral and psychological symptoms of dementia. Gerontol. 
58 (suppl_1), S88–S102. doi: 10.1093/geront/gnx167

Scarmeas, N., Brandt, J., Albert, M., Hadjigeorgiou, G., Papadimitriou, A., 
Dubois,  B., et al. (2005). Delusions and hallucinations are associated with 
worse outcome in Alzheimer disease. Arch. Neurol. 62 (10), 1601–1608. doi: 
10.1001/archneur.62.10.1601

Schneider, L. S., Tariot, P. N., Dagerman, K. S., Davis, S. M., Hsiao, J. K., 
Ismail,  M.  S., et  al. (2006). Effectiveness of atypical antipsychotic drugs in 
patients with Alzheimer’s disease. N. Engl. J. Med. 355 (15), 1525–1538. doi: 
10.1056/NEJMoa061240

Seitz, D. P., Adunuri, N., Gill, S. S., Gruneir, A., Herrmann, N., and Rochon, P. 
(2011). Antidepressants for agitation and psychosis in dementia. Cochrane 
Database Syst. Rev. (2), CD008191. doi: 10.1002/14651858.CD008191.pub2

Selenica, M. L., Benner, L., Housley, S. B., Manchec, B., Lee, D. C., Nash, K. R., et al. 
(2014). Histone deacetylase 6 inhibition improves memory and reduces total tau 
levels in a mouse model of tau deposition. Alzheimer’s Res. Ther. 6 (1), 12. doi: 
10.1186/alzrt241

Sepehry, A. A., Lee, P. E., Hsiung, G. Y. R., Beattie, B. L., and Jacova, C. (2012). 
Effect of selective serotonin reuptake inhibitors in Alzheimer’s disease with 
comorbid depression: a meta-analysis of depression and cognitive outcomes. 
Drugs Aging 29 (10), 793–806. doi: 10.1007/s40266-012-0012-5

Serra, L., Perri, R., Cercignani, M., Spanò, B., Fadda, L., Marra, C., et al. (2010). 
Are the behavioral symptoms of Alzheimer’s disease directly associated with 
neurodegeneration? J. Alzheimer’s Dis. JAD 21 (2), 627–639. doi: 10.3233/
JAD-2010-100048

Sherman, C., Ruthirakuhan, M., Vieira, D., Lanctôt, K., and Herrmann, N. (2018). 
Cannabinoids for the treatment of neuropsychiatric symptoms, pain and 
weight loss in dementia. Curr. Opin. Psychiatry 31 (2), 140–146. doi: 10.1097/
YCO.0000000000000399

Šimić, G., Babić Leko, M., Wray, S., Harrington, C. R., Delalle, I., Jovanov-Milošević, N., 
et al. (2017). Monoaminergic neuropathology in Alzheimer’s disease. Progress in 
Neurobiology 151, 101–138. doi: 10.1016/j.pneurobio.2016.04.001

Sink, K. M., Holden, K. F., and Yaffe, K. (2005). Pharmacological treatment of 
neuropsychiatric symptoms of dementia: a review of the evidence. JAMA 293 
(5), 596–608. doi: 10.1001/jama.293.5.596

Sloane, P. D., Hoeffer, B., Mitchell, C. M., McKenzie, D. A., Barrick, A. L., Rader, J., 
et al. (2004). Effect of person-centered showering and the towel bath on 
bathing-associated aggression, agitation, and discomfort in nursing home 
residents with dementia: a randomized, controlled trial. J. Am. Geriatrics Soc. 
52 (11), 1795–1804. doi: 10.1111/j.1532-5415.2004.52501.x

Smallwood, J., Brown, R., Coulter, F., Irvine, E., and Copland, C. (2001). Aromatherapy 
and behaviour disturbances in dementia: a randomized controlled trial. Int. J. 
Geriatr. Psychiatry 16 (10), 1010–1013. doi: 10.1002/gps.473

Snow, L. A., Hovanec, L., and Brandt, J. (2004). A controlled trial of aromatherapy 
for agitation in nursing home patients with dementia. J. Alter. Complement. 
Med. 10 (3), 431–437. doi: 10.1089/1075553041323696

Sommer, O. H., Aga, O., Cvancarova, M., Olsen, I. C., Selbaek, G., and Engedal, K. 
(2009). Effect of oxcarbazepine in the treatment of agitation and aggression 
in severe dementia. Dement. Geriatr. Cogn. Disord. 27 (2), 155–163. doi: 
10.1159/000199236

Spector, A., Charlesworth, G., King, M., Lattimer, M., Sadek, S., Marston, L., 
et al. (2015). Cognitive–behavioural therapy for anxiety in dementia: pilot 
randomised controlled trial. Br. J. Psychiatry 206 (6), 509–516. doi: 10.1192/
bjp.bp.113.140087

Spector, A., Davies, S., Woods, B., and Orrell, M. (2000). Reality orientation for 
dementia: a systematic review of the evidence of effectiveness from randomized 
controlled trials. Gerontol. 40 (2), 206–212. doi: 10.1093/geront/40.2.206

Spector, A., Thorgrimsen, L., Woods, B., Royan, L., Davies, S., Butterworth, M., 
et al. (2003). Efficacy of an evidence-based cognitive stimulation therapy 
programme for people with dementia. Br. J. Psychiatry 183 (03), 248–254. doi: 
10.1192/bjp.183.3.248

Stanley, M. A., Calleo, J., Bush, A. L., Wilson, N., Snow, A. L., Kraus-Schuman, C., 
et al. (2013). The peaceful mind program: a pilot test of a cognitive–behavioral 

therapy-based intervention for anxious patients with dementia. Am. J. Geriatr. 
Psychiatry 21 (7), 696–708. doi: 10.1016/j.jagp.2013.01.007

Strøm, B. S., Ytrehus, S., and Grov, E.-K. (2016). Sensory stimulation for persons 
with dementia: a review of the literature. J. Clin. Nurs. 25 (13-14), 1805–1834. 
doi: 10.1111/jocn.13169

Suh, G.-H., Greenspan, A. J., and Choi, S.-K. (2006). Comparative efficacy of 
risperidone versus haloperidol on behavioural and psychological symptoms 
of dementia. Int. J. Geriatr. Psychiatry 21 (7), 654–660. doi: 10.1002/gps.1542

Suhr, J. (1999). Progressive muscle relaxation in the management of behavioural 
disturbance in Alzheimer’s disease. Neuropsychol. Rehabil. 9 (1), 31–44. doi: 
10.1080/713755590

Sung, H.-C., Lee, W.-L., Li, T.-L., and Watson, R. (2012). A group music 
intervention using percussion instruments with familiar music to reduce 
anxiety and agitation of institutionalized older adults with dementia. Int. J. 
Geriatr. Psychiatry 27 (6), 621–627. doi: 10.1002/gps.2761

Supasitthumrong, T., Bolea-Alamanac, B. M., Asmer, S., Woo, V. L., Abdool, P. S., 
and Davies, S. J. C. (2019). Gabapentin and pregabalin to treat aggressivity in 
dementia: a systematic review and illustrative case report. Br. J. Clin. Pharmacol. 
85 (4), 690–703. doi: 10.1111/bcp.13844

Suzuki, H., and Gen, K. (2015). Clinical efficacy of lamotrigine and changes in 
the dosages of concomitantly used psychotropic drugs in Alzheimer’s disease 
with behavioural and psychological symptoms of dementia: a preliminary 
open-label trial. Psychogeriatr. Off. J. Jpn. Psychogeriatric Soc. 15 (1), 32–37. 
doi: 10.1111/psyg.12085

Suzuki, M., Tatsumi, A., Otsuka, T., Kikuchi, K., Mizuta, A., Makino, K., et al. 
(2010). Physical and psychological effects of 6-week tactile massage on elderly 
patients with severe dementia. Am. J. Alzheimer’s Dis. Other Dement. 25 (8), 
680–686. doi: 10.1177/1533317510386215

Swartz, J. R., Miller, B. L., Lesser, I. M., and Darby, A. L. (1997). Frontotemporal 
dementia: treatment response to serotonin selective reuptake inhibitors. J. Clin. 
Psychiatry 58 (5), 212–216. doi: 10.4088/JCP.v58n0506

Sánchez, A., Marante-Moar, M. P., Sarabia, C., De Labra, C., Lorenzo, T., Maseda, A., 
et al. (2016a). Multisensory stimulation as an intervention strategy for elderly 
patients with severe dementia. Am. J. Alzheimer’s Dis. Other Dement. 31 (4), 
341–350. doi: 10.1177/1533317515618801

Sánchez, A., Maseda, A., Marante-Moar, M. P., de Labra, C., Lorenzo-López, L., 
and Millán-Calenti, J. C. (2016b). Comparing the effects of multisensory 
stimulation and individualized music sessions on elderly people with severe 
dementia: a randomized controlled trial. J. Alzheimer’s Dis. 52 (1), 303–315. 
doi: 10.3233/JAD-151150

Tadaka, E., and Kanagawa, K. (2007). Effects of reminiscence group in elderly 
people with Alzheimer disease and vascular dementia in a community 
setting. Geriatr. Gerontol. Int. 7 (2), 167–173. doi: 10.1111/j.1447-0594. 
2007.00381.x

Teijido, O., and Cacabelos, R. (2018). Pharmacoepigenomic interventions as novel 
potential treatments for Alzheimer’s and Parkinson’s diseases. Int. J. Mol. Sci. 19 
(10), 3199. doi: 10.3390/ijms19103199

Teri, L., Logsdon, R. G., Peskind, E., Raskind, M., Weiner, M. F., Tractenberg, R. E., 
et al. (2000). Treatment of agitation in AD: a randomized, placebo-controlled 
clinical trial. Neurology 55 (9), 1271–1278. doi: 10.1212/WNL.55.9.1271

Tible, O. P., Riese, F., Savaskan, E., and von Gunten, A. (2017). Best practice in the 
management of behavioural and psychological symptoms of dementia. Ther. 
Adv. Neurol. Disord. 10 (8), 297–309. doi: 10.1177/1756285617712979

Toseland, R. W., Diehl, M., Freeman, K., Manzanares, T., Naleppa, M., and 
McCallion, P. (1997). The impact of validation group therapy on nursing 
home residents with dementia. J. Appl. Gerontol. 16 (1), 31–50. doi: 
10.1177/073346489701600102

Tosto, G., Talarico, G., Lenzi, G. L., and Bruno, G. (2008). Effect of citalopram 
in treating hypersexuality in an Alzheimer’s disease case. Neurol. Sci. 29 (4), 
269–270. doi: 10.1007/s10072-008-0979-1

Tucker, I. (2010). Management of inappropriate sexual behaviors in dementia: 
a literature review. Int. Psychogeriatr. 22 (05), 683–692. doi: 10.1017/
S1041610210000189

Van Bogaert, P., Tolson, D., Eerlingen, R., Carvers, D., Wouters, K., Paque, K., 
et al. (2016). SolCos model-based individual reminiscence for older adults 
with mild to moderate dementia in nursing homes: a randomized controlled 
intervention study. J. Psychiatr. Mental Health Nurs. 23 (9-10), 568–575. doi: 
10.1111/jpm.12336

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1017/S1461145706007000
https://doi.org/10.1093/geront/gnx167
https://doi.org/10.1001/archneur.62.10.1601
https://doi.org/10.1056/NEJMoa061240
https://doi.org/10.1002/14651858.CD008191.pub2
https://doi.org/10.1186/alzrt241
https://doi.org/10.1007/s40266-012-0012-5
https://doi.org/10.3233/JAD-2010-100048
https://doi.org/10.3233/JAD-2010-100048
https://doi.org/10.1097/YCO.0000000000000399
https://doi.org/10.1097/YCO.0000000000000399
https://doi.org/10.1016/j.pneurobio.2016.04.001
https://doi.org/10.1001/jama.293.5.596
https://doi.org/10.1111/j.1532-5415.2004.52501.x
https://doi.org/10.1002/gps.473
https://doi.org/10.1089/1075553041323696
https://doi.org/10.1159/000199236
https://doi.org/10.1192/bjp.bp.113.140087
https://doi.org/10.1192/bjp.bp.113.140087
https://doi.org/10.1093/geront/40.2.206
https://doi.org/10.1192/bjp.183.3.248
https://doi.org/10.1016/j.jagp.2013.01.007
https://doi.org/10.1111/jocn.13169
https://doi.org/10.1002/gps.1542
https://doi.org/10.1080/713755590
https://doi.org/10.1002/gps.2761
https://doi.org/10.1111/bcp.13844
https://doi.org/10.1111/psyg.12085
https://doi.org/10.1177/1533317510386215
https://doi.org/10.4088/JCP.v58n0506
https://doi.org/10.1177/1533317515618801
https://doi.org/10.3233/JAD-151150
https://doi.org/10.1111/j.1447-0594.2007.00381.x
https://doi.org/10.1111/j.1447-0594.2007.00381.x
https://doi.org/10.3390/ijms19103199
https://doi.org/10.1212/WNL.55.9.1271
https://doi.org/10.1177/1756285617712979
https://doi.org/10.1177/073346489701600102
https://doi.org/10.1007/s10072-008-0979-1
https://doi.org/10.1017/S1041610210000189
https://doi.org/10.1017/S1041610210000189
https://doi.org/10.1111/jpm.12336


HIDA Domain in Alzheimer’s DiseaseKeszycki et al.

20 September 2019 | Volume 10 | Article 1109Frontiers in Pharmacology | www.frontiersin.org

van der Linde, R. M., Dening, T., Matthews, F. E., and Brayne, C. (2014a). 
Grouping of behavioural and psychological symptoms of dementia. Int. J. 
Geriatr. Psychiatry 29 (6), 562–568. doi: 10.1002/gps.4037

van der Linde, R. M., Stephan, B. C., Dening, T., and Brayne, C. (2014b). 
Instruments to measure behavioural and psychological symptoms of dementia. 
Int. J. Methods Psychiatric Res. 23 (1), 69–98. doi: 10.1002/mpr.1414

van Diepen, E., Baillon, S. F., Redman, J., Rooke, N., Spencer, D. A., and Prettyman, R. 
(2002). A pilot study of the physiological and behavioural effects of Snoezelen in 
dementia. Br. J. Occup. Ther. 65 (2), 61–66. doi: 10.1177/030802260206500203

Vernooij-Dassen, M., Vasse, E., Zuidema, S., Cohen-Mansfield, J., and Moyle, W. 
(2010). Psychosocial interventions for dementia patients in long-term care. Int. 
Psychogeriatr. 22 (7), 1121–1128. doi: 10.1017/S1041610210001365

Versijpt, J. V. L. K., Van Laere, K. J., Dumont, F., Decoo, D., Vandecapelle, M., 
Santens, P., et al. (2003). Imaging of the 5-HT2A system: age-, gender-, and 
Alzheimer’s disease-related findings. Neurobiol. Aging 24 (4), 553–561. doi: 
10.1016/S0197-4580(02)00137-9

Volkers, A. C., Tulen, J. H. M., van den Broek, W. W., Bruijn, J. A., Passchier, J., and 
Pepplinkhuizen, L. (2003). Motor activity and autonomic cardiac functioning 
in major depressive disorder. J. Affect. Disord. 76 (1), 23–30. doi: 10.1016/
S0165-0327(02)00066-6

Wallis, G. G., Baldwin, M., and Higginbotham, P. (1983). Reality orientation 
therapy—a controlled trial. Br. J. Med. Psychol. 56 (3), 271–277. doi: 10.1111/
j.2044-8341.1983.tb01556.x

Waltes, R., Chiocchetti, A. G., and Freitag, C. M. (2016). The neurobiological basis of 
human aggression: a review on genetic and epigenetic mechanisms. Am. J. Med. 
Genet. Part B: Neuropsychiatr. Genet. 171 (5), 650–675. doi: 10.1002/ajmg.b.32388

Wang, L. Y., Shofer, J. B., Rohde, K., Hart, K. L., Hoff, D. J., McFall, Y. H., et al. 
(2009). Prazosin for the treatment of behavioral symptoms in patients with 
Alzheimer disease with agitation and aggression. Am. J. Geriatr. Psychiatry 17 
(9), 744–751. doi: 10.1097/JGP.0b013e3181ab8c61

Weiner, M. F., Tractenberg, R. E., Sano, M., Logsdon, R., Teri, L., Galasko, D., et al. 
(2002). No long-term effect of behavioral treatment on psychotropic drug use for 
agitation in Alzheimer’s disease patients. J. Geriatr. Psychiatry Neurol. 15 (2), 
95–98. doi: 10.1177/089198870201500208

Weiner, M. F., Womack, K. B., Martin-Cook, K., Svetlik, D. A., and Hynan, L. S. (2005). 
Levetiracetam for agitated Alzheimer’s disease patients. Int. Psychogeriatr. 17 (2), 
327–328. doi: 10.1017/S1041610205212061

Whelan, R., Conrod, P. J., Poline, J. B., Lourdusamy, A., Banaschewski, T., Barker, 
G. J., et al. (2012). Adolescent impulsivity phenotypes characterized by distinct 
brain networks. Nat. Neurosci. 15 (6), 920–925. doi: 10.1038/nn.3092

Wilkins, J. M., and Forester, B. P. (2016). Update on SSRI treatment for 
neuropsychiatric symptoms of dementia. Curr. Psychiatry Rep. 18 (2), 14. doi: 
10.1007/s11920-015-0656-z

Wilson, R. S., Tang, Y., Aggarwal, N. T., Gilley, D. W., McCann, J. J., Bienias, J. L., 
et al. (2006). Hallucinations, cognitive decline, and death in Alzheimer’s disease. 
Neuroepidemiology 26 (2), 68–75. doi: 10.1159/000090251

Woods, P., and Ashley, J. (1995). Simulated presence therapy: using selected 
memories to manage problem behaviors in Alzheimer’s disease patients. 
Geriatr. Nurs. 16 (1), 9–14. doi: 10.1016/S0197-4572(05)80072-2

Yoshiyama, K., Arita, H., and Suzuki, J. (2015). The effect of aroma hand massage 
therapy for people with dementia. J. Alter. Complement. Med. 21 (12), 759–765. 
doi: 10.1089/acm.2015.0158

Yunusa, I., Alsumali, A., Garba, A. E., Regestein, Q. R., and Eguale, T. (2019). 
Assessment of reported comparative effectiveness and safety of atypical 
antipsychotics in the treatment of behavioral and psychological symptoms 
of dementia. JAMA Netw. Open 2 (3), e190828–e190828. doi: 10.1001/
jamanetworkopen.2019.0828

Zhang, K., Schrag, M., Crofton, A., Trivedi, R., Vinters, H., and Kirsch, W. (2012). 
Targeted proteomics for quantification of histone acetylation in Alzheimer’s 
disease. Proteomics 12 (8), 1261–1268. doi: 10.1002/pmic.201200010

Zhang, Z. Y., and Schluesener, H. J. (2013). Oral administration of histone 
deacetylase inhibitor MS-275 ameliorates neuroinflammation and cerebral 
amyloidosis and improves behavior in a mouse model. J. Neuropathol. Exp. 
Neurol. 72 (3), 178–185. doi: 10.1097/NEN.0b013e318283114a

Zhao, Q.-F., Tan, L., Wang, H.-F., Jiang, T., Tan, M.-S., Tan, L., et al. (2016). The 
prevalence of neuropsychiatric symptoms in Alzheimer’s disease: systematic 
review and meta-analysis. J. Affect. Disord. 190, 264–271. doi: 10.1016/j.
jad.2015.09.069

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

Copyright © 2019 Keszycki, Fisher and Dong. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC 
BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner(s) are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1002/gps.4037
https://doi.org/10.1002/mpr.1414
https://doi.org/10.1177/030802260206500203
https://doi.org/10.1017/S1041610210001365
https://doi.org/10.1016/S0197-4580(02)00137-9
https://doi.org/10.1016/S0165-0327(02)00066-6
https://doi.org/10.1016/S0165-0327(02)00066-6
https://doi.org/10.1111/j.2044-8341.1983.tb01556.x
https://doi.org/10.1111/j.2044-8341.1983.tb01556.x
https://doi.org/10.1002/ajmg.b.32388
https://doi.org/10.1097/JGP.0b013e3181ab8c61
https://doi.org/10.1177/089198870201500208
https://doi.org/10.1017/S1041610205212061
https://doi.org/10.1038/nn.3092
https://doi.org/10.1007/s11920-015-0656-z
https://doi.org/10.1159/000090251
https://doi.org/10.1016/S0197-4572(05)80072-2
https://doi.org/10.1089/acm.2015.0158
https://doi.org/10.1001/jamanetworkopen.2019.0828
https://doi.org/10.1001/jamanetworkopen.2019.0828
https://doi.org/10.1002/pmic.201200010
https://doi.org/10.1097/NEN.0b013e318283114a
https://doi.org/10.1016/j.jad.2015.09.069
https://doi.org/10.1016/j.jad.2015.09.069
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The Hyperactivity–Impulsivity–Irritiability–Disinhibition–Aggression–Agitation Domain in Alzheimer’s Disease: Current Management and Future Directions
	Introduction
	Pathophysiology of the Hida Domain
	Non-Pharmacological Treatment Approaches
	Person-Centered Interventions
	Behavioral Interventions
	Sensory Stimulation Interventions

	Pharmacological Treatment Approaches
	Antipsychotics
	Antidepressants
	Antiepileptic Drugs
	Cognitive Enhancers
	Other Pharmacological Agents
	Antipsychotics and Histone Deacetylase (HDAC) Inhibitors: a Novel Approach With Epigenetics

	Beyond Agitation and Aggression
	Conclusions and Future Directions
	Summary of Effective and Promising Interventions for HIDA Domain Symptoms
	Improving Treatment Implementation
	Conclusion

	Author Contributions
	Funding
	References


