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Abstract

Background: Neuropsychiatric symptoms (NPSs) in early dementia have been suggested to predict a higher risk of dementia
progression. However, the literature is not yet clear whether the risk is similar across Alzheimer’s dementia (AD) and non-
Alzheimer’s dementia (non-AD), as well as across different NPSs. This study examined the association between NPSs in early
dementia and the risk of progression to severe dementia, specifically in AD and non-AD, as well as across various NPSs.
Method: This cohort study included 7,594 participants who were >65 years and had early dementia (global Clinical
Dementia Rating [CDR] =1). Participants completed Neuropsychiatric-Inventory—Questionnaire at baseline and were
followed-up almost annually for progression to severe dementia (global CDR = 3) (median follow-up = 3.5 years; interquartile
range = 2.1-5.9 years). Cox regression was used to examine progression risk, stratified by AD and non-AD.

Results: The presence of NPSs was associated with risk of progression to severe dementia, but primarily in AD (HR 1.4,
95% confidence interval [CI]: 1.1-1.6) and not in non-AD (HR 0.9, 95% CI: 0.5-1.5). When comparing across various
NPSs, seven NPSs in AD were associated with disease progression, and they were depression, anxiety, apathy, delusions,
hallucinations, irritability and motor disturbance (HR 1.2-1.6). In contrast, only hallucinations and delusions were associated
with disease progression in non-AD (HR 1.7-1.9).

Conclusions: NPSs in early dementia—especially among individuals with AD—can be useful prognostic markers of disease
progression. They may inform discussion on advanced care planning and prompt clinical review to incorporate evidence-based
interventions that may address disease progression.

Keywords: advanced dementia, Alzheimer’s dementia, behavioural and psychological symptoms of dementia, dementia
progression, non-Alzheimer’s dementia, older people

Key Points

* Many of the subtypes of NPSs in Alzheimer’s dementia (AD) were associated with higher risks of disease progression.

* Only hallucinations and delusions were associated with progression risk in non-ap.

* The findings may be related to a more aggressive disease and less optimal dementia care among individuals with NPSs.

* NPSs—especially in AD—can be useful prognostic markers of disease progression and may inform advanced care planning.
* NPSs in early dementia should prompt evidence-based interventions that may address disease progression.
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Introduction

Neuropsychiatric symptoms (NPSs) are common features
across all actiologies of dementia and are experienced by
more than 90% of persons with dementia during the course
of the disease [1]. NPSs in dementia include symptoms such
as agitation, apathy, depression and psychosis [2]. They are
often reported as among the greatest challenges in dementia
caregiving [1,2], and as such, have often been the focus of
clinical interventions to reduce their impact on caregivers
[1,2]. Inasmuch as NPSs are relevant to the psychological
well-being of caregivers, there is recent evidence to suggest
that NPSs can also have direct, biological implications to
the persons with dementia, whereby the presence of NPSs
has been reported to predict a greater risk of dementia
progression [3-5].

However, to date, the literature on NPSs and dementia
progression has mostly focused on patients with Alzheimer’s
dementia (ap) [3-5]. It is unknown whether the association
between NPSs and dementia progression is similarly present
among patients with non-AD. Moreover, the literature is also
not yet conclusive on whether all NPSs, or only selected
NPSs, are associated with the risk of dementia progression.
For example, in the Cache County Study (based on resi-
dents with incident dementia from Utah, USA) [5], Agi-
tation and Psychosis (but not Affective and Apathy symp-
toms) predicted dementia progression. Yet, in a subsequent
population-based study involving participants in Venezuela
[6], none of the NPSs in the earlier stages of dementia were
associated with dementia progression. Using a large sample
recruited from across USA, this study sought to provide
more conclusive evidence on the association between NPSs
in early dementia and risk of progression to severe dementia.
Specifically, this study examined whether the association was
present in both AD and non-ap, as well as whether the
association was similar across various NPSs.

Method

Participants and procedures

This study is based on a cohort study-design, involving
individuals recruited from ~39 Alzheimer’s Disease Cen-
ters across the USA between September 2005 and August
2019 (as available in the National Alzheimer’s Coordinating
Center [NACC] database) [7]. It included participants who
fulfilled the following criteria at baseline: (i) age > 65 years;
(i) diagnosed with dementia; (iii) no concurrent diagnosis
of delirium at baseline; (iv) had global Clinical Demen-
tia Rating (CDR) of 1 (indicating early dementia) and
(v) provided information on Neuropsychiatric Inventory—
Questionnaire (NPI-Q). Participants were followed-up on
an approximately annual basis to evaluate for progression
in dementia severity (as measured by CDR). All contribut-
ing Alzheimer’s Disease Centers obtained informed consent
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from their participants, as well as received approval by their
local institutional review boards.

Measures

NPI-Q is a clinical measure that screens for the presence
of NPSs in the past month. It has 12 items that assess
NPSs in 12 domains, namely depression, anxiety, apathy,
sleep, appetite, hallucinations, delusions, agitation, irritabil-
ity, motor disturbance, disinhibition and elation. It was
administered to informants by trained healthcare profession-
als, with each item rated on a 4-point Likert scale: 0 = Not
present, 1 = Mild (noticeable, but not a significant change),
2 = Moderate (significant, but not a dramatic change) and
3 = Severe (very marked or prominent; a dramatic change).
Mini-Mental State Examination (MMSE) [8] is a widely
used cognitive test. It comprises 11 items across cogni-
tive domains such as orientation, memory, concentration,
language and constructional praxis.

CDR (CDR® Dementia Staging Instrument) [9] is a well-
validated and widely used scale for staging of cognitive
impairment [10]. It was initially developed for individuals
with ap [9], although in subsequent literacure, CDR
has also been widely used for staging of non-ap [10—
13]. CDR employs a semi-structured interview with both
participant and informant to rate performance in six
domains (memory, orientation, judgement and problem
solving, community affairs, home and hobbies, and personal
care), with each domain rated according to one of the
five levels of impairment (0=none, 0.5 = questionable,
1 =mild, 2=moderate, 3 =severe). Rating from the six
domains can be totalled to yield a CDR sum of boxes
score which ranges from 0 to 18. Based on the originally
published rules [9], responses from the six domains can
also be used to assign a global CDR score to indicate the
severity of cognitive impairment: 0= normal cognition
(NC), 0.5 = questionable cognitive impairment, 1= mild
dementia, 2 = moderate dementia and 3 = severe dementia.
The primary endpoint of severe dementia in this study
was based on a global CDR=3 from the original rules,
although an alternate method to define severe dementia—
using CDR sum of boxes score—was examined in the
sensitivity analysis and is further described in the Statistical
analyses section.

The diagnosis of dementia was made based on stan-
dardised assessments, which included clinical history, phys-
ical examination and detailed neuropsychological testing
[7,14,15]. Majority of the diagnoses (81.6%) were made
via consensus conference (by two or more clinicians), while
the remainder were made by single clinicians. Dementia was
diagnosed using McKhann (1984) criteria [16], DSM-IV
(Diagnostic and Statistical Manual of Mental Disorders—
Fourth Edition) criteria [17] or McKhann (2011) criteria
[18]. Each case of dementia was further classified into its
primary aetiology based on published criteria [16,18-28],



which include those for Ap [16,18], vascular dementia [19],
frontotemporal lobar degeneration [20-26] and dementia
with Lewy Bodies [26-28].

Statistical analyses

Cox proportional hazard regression [29-31] was conducted
to evaluate the association between NPSs in early dementia
and risk of progression to severe dementia, stratified by ap
and non-ap. Time-to-event was defined as the duration from
baseline to onset of severe dementia (global CDR = 3). NPSs
were included in Cox regression primarily as a binary variable
based on the presence or absence of any NPS (1 = Presence of
at least one NPS in NPI-Q; and 0 = No reported NPS on all
the items in NPI-Q). In addition, NPSs were also examined
based on the followings:

* severity of NPSs (Mild = at least one item in NPI-Q scored
1 but no items scored >2; Moderate = At least one item
in NPI-Q scored 2 but no items scored 3; and Severe = At
least one item in NPI-Q scored 3).

* total score of NPI-Q (by summing the item scores in NPI-
Q.

* number of NPSs (by counting the number of NPI-Q items
with score > 1).

* presence of each of the 12 NPSs in NPI-Q.

Cox regression adjusted for potental confounders
between NPSs and dementia progression, including the
baseline covariates of age, sex, ethnicity, years of education,
APOE e4 genotype, MMSE score, CDR sum of boxes score,
use of cognitive enhancers, use of antidepressants, use of
antipsychotics and use of sedatives. Further details on the
conduct of Cox regression are available in Supplementary
Material 1.

Additionally, a sensitivity analysis was conducted to eval-
uate the robustness of the results when the primary end-
point of severe dementia was redefined using CDR sum
of boxes scores of 16-18 (instead of global CDR=3; as
determined by the originally published rules of CDR) [9].
The originally published rules of CDR gave greater weigh-
tage to the memory domain in dementia staging [9,32]
and, arguably, may be more applicable to ap than non-
AD. In the literature, an alternate method of staging has
been proposed to give equal weightage to the six domains
of CDR, which reduces the reliance on memory domain
in dementia staging [32]. This method proposes the use of
CDR sum of boxes scores instead to define the levels of
cognitive impairment, with the total scores of 0 = none, 0.5—
4 = questionable, 4.5-9 = mild, 9.5-15.5 = moderate and
16-18 =severe [11,32]. This alternate method of staging
was previously shown to be valid in staging both ap and
non-AD in NACC database [11]. When examined using item
response theory, it was shown in one study to be as good as,
and potentially better than, the original staging rules of CDR
(32].

All statistical analyses were conducted in Stata (version

16).

Neuropsychiatric symptoms in early dementia

Results

A total of 7,594 participants were included in this study.
Flow diagram related to participant selection is shown in
Figure 1, while participant characteristics are presented in
Supplementary Material 2. The participants had a median
age of 78 years (interquartile range, IQR 72-83), a median
MMSE score of 22 (IQR 19-25) and a median CDR sum
of boxes score of 6 (IQR 5-7). Most had the primary
aetiology of AD (81.9%), while 2.4% had vascular dementia,
6.8% dementia with Lewy Bodies, 6.5% frontotemporal
lobar degeneration and 2.4% other actiologies of dementia.
The most common NPSs were apathy (42.8%) and irri-
tability (40.1%) among participants with Ap; and apathy
(58.2%) and depression (46.7%) among participants with
non-AD. The participants had a median duration of follow-
up of 3.5 years (IQR 2.1-5.9 years), with 1,192 (15.7%)
progressed to severe dementia during follow-up.

NPSs were associated with progression to severe demen-
tia, but primarily among participants with Ap and notamong
those with non-ap. As seen in Table 1, presence of NPSs in
AD was associated with 1.4 times higher risk of progression
to severe dementia (95% confidence interval [CI] 1.1-1.6),
with demonstrable dose—response relationship across the
severity and the number of NPSs. Among participants with
AD, seven individual NPSs were associated with higher risk of
progression, namely depression, anxiety, apathy, delusions,
hallucinations, irritability and motor disturbance (hazard
ratio, HR 1.2-1.6). In contrast, among participants with
non-ap, only two NPSs (delusions and hallucinations) were
associated with higher progression risk (HR 1.7-1.9). The
findings remained robust in the sensitivity analysis (when
the endpoint of severe dementia was redefined using CDR
sum of boxes scores of 16-18) and are further presented in
Supplementary Material 3.

The progression risk was further examined by focusing
only on the individual NPSs that had been identified to
be significant, namely the seven NPSs in ap (depression,
anxiety, apathy, delusions, hallucinations, irritabilicy and
motor disturbance) and the two NPSs in non-ap (delusions
and hallucinations). As seen in Table 2, across the seven
significant NPSs in AD, progression risk rose incrementally
corresponding to the number of NPSs that were endorsed,
with HR 1.3-1.4 among those who endorsed 1-3 NPSs,
HR 1.9 among those who endorse 4 NPSs and HR 2.3
among those who endorsed 5-7 NPSs. In the absence of
the seven significant NPSs, half of the participants developed
severe dementia within 6.0 years of follow-up. This duration
shortened to 5.2-5.4 years in the presence of 1-3 significant
NPSs, 4.8 years in the presence of 4 NPSs, and 4.3 years
in the presence of 5-7 NPSs. Similarly, for participants
with non-Ap, the risk rose incrementally across the two
significant NPSs. In the absence of the two significant NPSs,
half of the participants developed severe dementia within
5.0 years of follow-up. This duration shortened to 4.2 years
in the presence of 1 NPS and 3.2 years in the presence
of 2 NPSs. The differential risks across the number of
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Participants in NACC database
n=39,019

A

A4

Diagnosis of NC or MCI
n = 24,822

Diagnosis of dementia
n=14,197

\ 4

Concurrent diagnosis of delirium
n=3

No concurrent diagnosis of delirium
n=14,194

A4

Baseline global CDR = 1
n=9,.878

Baseline global CDR # 1
n=4316

A4

No data on NPS at baseline
n =446

Available data on NPS at baseline
n =9,432

A 4

4

Age >65 years
n=7,594

A 4

Included in current study
n=7,594

Age <65 years
n=1,838

Figure 1. Participant enrolment and exclusion details. MCI, mild cognitive impairment.

significant NPSs are further visible in the Kaplan—Meier

curves in Figure 2.

Discussion

NPSs in early dementia were associated with the risk
of progression to severe dementia, with demonstratable
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dose-response relationships across the severity and the
number of NPSs. However, progression risk was primarily
present among participants with Ap and not among those
with non-ap. When comparing across various NPSs, seven
NPSs in AD were associated with progression risk, and they
were depression, anxiety, apathy, delusions, hallucinations,
irritability and motor disturbance. In contrast, only two



Neuropsychiatric symptoms in early dementia

(A) Participants with Alzheimer's dementia
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Figure 2. Kaplan—Meier curves on the risk of progression to severe dementia, focusing only on the individual NPSs that had been
identified to be significant in the current study. For AD, this is based on the presence of seven significant NPSs (namely, depression,
anxiety, apathy, delusions, hallucinations, irritability and motor disturbance). For non-AD, this is based on the presence of two
significant NPSs (namely, delusions and hallucinations).
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Table 1. Associations between the NPSs in early dementia and the risk of progression to severe dementia, stratified by those

with AD (»=6,221) and those with non-AD (»=1,373)

NPSs in mild dementia

Participants with AD Participants with non-AD
HR (95% CI)* P-value® HR (95% CI)* P-value*
Presence of any NPS
No 1.0 (Ref) Ref 1.0 (Ref) Ref
Yes 1.4 (1.1-1.6) 0.001 0.9 (0.5-1.5) 0.661
Severity of NPSs”
No NPS 1.0 (Ref) Ref 1.0 (Ref) Ref
Mild 1.2 (1.0-1.5) 0.049 0.8 (0.5-1.5) 0.526
Moderate 1.4 (1.1-1.7) 0.001 1.0 (0.6-1.7) 0.916
Severe 1.6 (1.2-2.0) <0.001 0.8 (0.4-1.5) 0.467
NPI-Q total score®
0-2 1.0 (Ref) Ref 1.0 (Ref) Ref
34 1.2 (1.0-1.4) 0.100 1.2 (0.8-1.9) 0.449
5-7 1.3 (1.1-1.6) 0.001 1.1 (0.7-1.7) 0.749
>8 1.4 (1.1-1.7) 0.001 1.0 (0.6-1.6) 0.968
Number of NPSs¢
0-1 1.0 (Ref) Ref 1.0 (Ref) Ref
2-3 1.2 (1.0-1.5) 0.013 0.8 (0.5-1.3) 0.410
4-5 1.3 (1.0-1.5) 0.020 0.9 (0.6-1.4) 0.617
>6 1.5 (1.2-1.9) <0.001 0.9 (0.6-1.5) 0.718
Presence of individual NPS
Depression 1.2 (1.1-1.4) 0.004 1.0 (0.7-1.4) 0.987
Anxiety 1.2 (1.1-1.4) 0.005 0.9 (0.7-1.3) 0.711
Apathy 1.2 (1.0-1.3) 0.020 0.9 (0.7-1.3) 0.634
Sleep 1.1 (0.9-1.2) 0.500 1.2 (0.8-1.6) 0.333
Appetite 1.1 (1.0-1.3) 0.172 1.0 (0.7-1.5) 0.800
Delusions 1.4 (1.1-1.7) 0.002 1.7 (1.1-2.5) 0.008
Hallucinations 1.6 (1.2-2.0) 0.002 1.9 (1.3-2.7) 0.002
Agitation 1.1 (0.9-1.3) 0.241 1.1 (0.8-1.5) 0.590
Irritability 1.2 (1.0-1.3) 0.037 0.6 (0.5-0.9) 0.005
Motor disturbance 1.4 (1.1-1.6) <0.001 1.1 (0.8-1.6) 0.580
Disinhibition 1.1 (0.9-1.2) 0.490 0.8 (0.6-1.1) 0.097
Elation 1.0 (0.7-1.3) 0.860 0.4 (0.2-0.8) 0.014

Risk of progression to severe dementia

Ref, reference group. *Model adjusted for baseline covariates of age, sex, ethnicity, years of education, APOE e4 genotype, MMSE score, CDR sum of boxes score,
use of cognitive enhancers, use of antidepressants, use of antipsychotics and use of sedatives. Significant risk-estimates (with 2 < 0.05) are highlighted in bold. >The
NPSs were split into 4 levels of severity based on responses on the 12 items in NPI-Q: No NPS was defined if all items in NPI-Q were scored 0, Mild NPS was
defined if at least one item in NPI-Q was scored 1 but no items scored >2, Moderate NPS was defined if at least one item in NPI-Q was scored 2 but no items
scored 3, and Severe NPS was defined if at least one item in NPI-Q was scored 3. “The NPI-Q total score was split into 4 quartiles. ¢The number of NPSs was split

into 4 quartiles.

NPSs (delusions and hallucinations) were associated with
progression risk in non-ap.

The findings are not inconsistent with those reported
in extant literature. Several studies have demonstrated the
association between NPSs in early dementia and progression
risk [3-5]. However, these prior studies only focused on
individuals with Ap. Two prior studies also attempted to
identify the specific NPSs that was associated with demen-
tia progression [5,6]. However, both studies had relatively
small sample (7= 97-335), which resulted in inconclusive
findings—one study [5] showed significant association of
agitation and psychosis (but not affective and apathy symp-
toms), while the other study [6] reported non-significant
association across all NPSs. In contrast, the current study
has a larger sample and possibly may afford a clearer answer
on the association between NPSs and dementia progression,
across AD and non-AD as well as across various NPSs.
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Based on available literature, the association between
NPSs and dementia progression has been explained by
at least 2 postulations, both of which are summarised in
Figure 3. NPSs may be the symptoms of a more aggressive
disease [4,5], and hence, those with NPSs may have faster
rates of dementia progression. This postulation has some
support from recent evidence, where the presence of NPSs—
even among those without dementia—predicted greater
cognitive decline [33,34]. At the same time, the association
between NPSs and dementia progression may also be
mediated by less optimal dementia care (Figure 3). NPSs
can cause great distress and burden to caregivers [1,2,35—
38]. Inadvertently, this may lead to care environments
that are less than optimal, as well as more conducive for
dementia progression [5,39]. For example, in the face of
NPSs and caregiver burden, caregivers may be less willing
to engage persons with dementia in activities with social
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Table 2. Risk of progression to severe dementia, focusing only on the individual NPSs that had been identified to be

significant in the current study *

Number of significant NPSs * HR (95% CI) ®

(A) Participants with AD

0 1.0 (Ref)

1 1.3 (1.0-1.6)
2 1.4 (1.1-1.7)
3 1.4 (1.1-1.8)
4 1.9 (1.5-2.4)
5-7¢ 2.3 (1.7-3.2)
(B) Participants with non-AD

0 1.0 (Ref)

1 1.5 (1.1-2.2)
2 2.3 (1.4-3.9)

P-value Median time to severe dementia,
year (95% CI)¢
Ref 6.0 (5.6-6.5)
0.023 5.3 (4.7-5.9)
0.003 5.2 (5.0-5.5)
0.002 5.4 (4.9-5.9)
<0.001 4.8 (4.3-5.4)
<0.001 4.3 (3.7-4.9)
Ref 5.0 (4.2-5.9)
0.020 4.2 (2.7-5.7)
0.002 3.2 (1.7-4.8)

Ref, reference group. *Based on the individual NPSs that were significantly associated with progression risk as identified in the current study. For AD, this is based on

the presence of seven significant NPSs (namely, depression, anxiety, apathy, delusions, hallucinations, irritability and motor disturbance). For non-AD, this is based

on the presence of two significant NPSs (namely, delusions and hallucinations). ®Model adjusted for baseline covariates of age, sex, ethnicity, years of education,

APOE e4 genotype, MMSE score, CDR sum of boxes score, use of cognitive enhancers, use of antidepressants, use of antipsychotics and use of sedatives. “The

estimated time that is needed for half of the participants to develop severe dementia. The 95% CI was computed with 1,000 bootstrap sampling. ¢Participants with

5-7 significant NPSs were combined into one category due to limited sample size in each group.

Leads to

NPS in early dementia

Leads to

Less optimal dementia care

Apparent association

More aggressive disease

Predicts

Progression to severe dementia

Predicts

Figure 3. A directed acyclic graph to explain the apparent association between NPSs in early dementia and progression to severe

dementia.

stimulation and may become less proactive in discussing the
appropriate care options with healthcare providers [39]. In
the presence of psychotic symptoms (i.e. hallucinations and
delusions), clinicians may also be more inclined to prescribe
antipsychotic medications [1,2], which have been shown to
cause greater cognitive decline in recent literature (e.g. in
the CATIE-aD trial) [40]. Further research is still needed
to better understand the mechanisms by which NPSs in
early dementia can be associated with disease progression,
and how there can be differential risks across AD and non-
AD. Such research may improve our understanding on the
neurobiological underpinnings of NPSs as well as identify
specific aspects of dementia care that may moderate NPSs
and disease progression.

From the clinical perspective, the findings demonstrate
the potential usefulness of NPSs as prognostic markers of
dementia progression. Using the results in Table 2 by way of
example, among patients with early ap, those who displayed
0 out of the 7 significant NPSs have ~6.0 years before they

progress to severe dementia, while those with 5-7 NPSs
have much shorter time to severe dementia (4.3 years). Such
information can be useful in disease counselling and may
facilitate discussion on advanced care planning. Given the
prognostic utility of NPSs, their presence in early dementia
should also prompt clinical review to incorporate evidence-
based interventions that may address disease progression
[1,2,4,35,40-48]. Plausibly, the clinical review may be
guided by the postulated diagram in Figure 3—with a focus
on addressing aggressive disease and optimising dementia
care—and are further described in the following paragraph.

To address aggressive disease in the presence of NPSs,
cognitive enhancers should be considered if they are indi-
cated but have not been used. This is consistent with prior
literature on the prominent treatment effects of cognitive
enhancers among patients with Ap with rapid cognitive
decline [4]. In particular, patients’ cognitive function should
be closely monitored for evidence of disease progression (e.g.
steeper decline in MMSE or Montreal Cognitive Assessment

1715



T. M. Liew

scores) [15,49-51], with further consideration for high-dose
cholinesterase inhibitors [41,42] or add-on memantine when
indicated [43]. To optimise dementia care in the presence of
NPSs, clinicians should review the use of psychiatric medi-
cations and consider the various non-pharmacological inter-
ventions. Psychiatric medications may sometimes be needed
to manage more severe NPSs [1,2], but they should be used
sparingly and deprescribed when no longer indicated, espe-
cially given that some psychiatric medications (e.g. antipsy-
chotics and valproate) may lead to greater cognitive decline
[40,44]. Non-pharmacological interventions that may be
considered include caregiver training (to improve caregiving
competency in managing NPSs) [1,2,35,45], case manage-
ment (to identify care needs) [35,45] and tailored cognitive
and physical activities, given prior meta-analytic evidence
on the effectiveness of these interventions in improving
cognition among patients with dementia [46—48].

Several limitations should be considered. First, partic-
ipants in the study involved those who volunteered at
Alzheimer’s Disease Centers. They may be more represen-
tative of patients who voluntarily present to healthcare
settings than those in the community. Second, a small
number of participants (z =189) had the diagnosis of
mixed Alzheimer’s/vascular dementia, of which 107 had
primary actiology of AD (with contributing cerebrovascular
disease) and 82 had primary aetiology of vascular dementia
(with contributing Alzheimer’s disease). Although these
participants could still be classified by the primary aetiology
of dementia (i.e. either Alzheimer’s or vascular dementia),
the presence of mixed pathology may confound the findings
across AD and non-ap. Third, global CDR score was used to
define the primary endpoint of severe dementia. Arguably,
global CDR score was primarily developed for the staging
of ap [9]-with heavy weightage on the memory domain
[9,32]-and hence may not be as accurate for staging of non-
AD. This limitation was addressed in the sensitivity analysis,
with results remaining robust even when the endpoint of
severe dementia was redefined using an alternate method
[11,32] that has less reliance on memory domain in dementia
staging [32].

Conclusion

Many subtypes of NPSs in Ap were associated with higher
risks of disease progression. In contrast, only hallucinations
and delusions were associated with disease progression in
non-AD. The findings may be related to a more aggressive dis-
ease and less optimal dementia care among individuals with
NPSs. NPSs—especially in Ab—can be useful prognostic
markers of disease progression and may inform advanced care
planning. They should prompt clinical review to incorporate
evidence-based interventions that may address disease pro-
gression, such as prescribing higher dose cognitive enhancers
when indicated, deprescribing antipsychotics and valproate
when not indicated, and optimising non-pharmacological
interventions.
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