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Abstract

Background

Apathy in dementia is common and associated with worse disease outcomes.

Objectives

To describe the longitudinal course of apathy in dementia, and identify associated sociodemographic

and disease-related factors.

Methods

Prospective cohort study of UK care home residents with dementia. At baseline, 4, 8, 12, and 16

months, care home staff rated apathy using the Neuropsychiatric Inventory (clinically-significant

apathy if >4), dementia severity, and provided other sociodemographic information about each

participant. We examined the prevalence and persistence of apathy and, in mixed linear models, its
association with time, age, sex, dementia severity, antipsychotic use, and baseline apathy and other

neuropsychiatric symptoms.

Results

Of 1419 included participants (mean age 85 years (SD 8.5)), 30% had mild dementia, 33% moderate,
and 37% severe. The point prevalence of clinically-significant apathy was 21.4% (n=304) and the 16-
month period prevalence was 47.3% (n=671). Of participants with follow-up data, 45 (3.8%) were
always clinically-significantly apathetic, 3 (0.3%) were always sub-clinically apathetic, and 420
(36.2%) were never apathetic until death or end of follow-up. In adjusted models, apathy increased
over time and was associated with having more severe dementia, worse baseline apathy and other

neuropsychiatric symptoms.



Conclusion

It is important for clinicians to know that most people with dementia are not apathetic, though it is
common. Most of those with significant symptoms of apathy improve without specific treatments,
although some also relapse, meaning that intervention may not be needed. Future research should

seek to target those people with persistent severe apathy and test treatments in this group.

Keywords

Dementia, apathy, care homes, neuropsychiatric symptoms, neuropsychiatric inventory, cohort study



Key Points

e In 1419 care home-dwelling people with dementia followed over 16 months, we found that

apathy was common but not universal.

e The point prevalence of clinically-significant apathy was 21% and its period prevalence over

16 months was 47%.

e  More than two-thirds of those without symptoms of apathy at baseline remained apathy

free.

e Fewer than half of people with baseline clinically-significant apathy at experienced this as a

persistent symptom.

e Apathy worsened over time and was associated with severe dementia, more severe apathy

and other neuropsychiatric symptoms.



Introduction

Apathy is a syndrome of diminished motivation which persists over time, with reduced emotions,
goal-directed behaviour or cognitive activity [1]. It is the most frequent neuropsychiatric symptom in
dementia with a pooled prevalence of 49%, ranging from 19% to 88% [2]. Apathy in dementia is
important as it is not only associated with deterioration in functional ability [3, 4], but also linked to
higher mortality [4, 5] other neuropsychiatric symptoms [6], and associated with adverse caregiver
outcomes [7, 8]. Apathy may indicate a worse disease course with the presence of apathy in mild
cognitive impairment (MCl) and community-dwelling older adults associated in longitudinal studies

with an increased risk of developing dementia [6, 9, 10].

The longitudinal course of apathy is unclear. One Dutch study of 199 people with dementia (mean
mini-mental state examination (MMSE) 18) found apathy to be the most persistent of the
neuropsychiatric symptoms studied, with 12% having persistent apathy during five assessments over
2 years, although only half of the sample had complete 2-year follow-up data [11]. Another Dutch
study followed 290 nursing homes residents with moderate to severe dementia (mean MMSE 7) of
whom 40% completed 2 years’ follow-up and found apathy symptom severity did not change over
time, but prevalence of apathy increased from 19% to 33% [12]. Over half of participants developed
apathy (53%) but between 37% and 58% resolved at each follow-up. Apathy may be more common
in behavioural variant frontotemporal dementia than in Alzheimer’s disease (AD) [13], in AD

compared to vascular dementia [12], and in early-onset AD than late-onset AD [14] .

There are no interventions for apathy with proven effectiveness [15-17], though a recent randomized
controlled trial of methylphenidate showed a promising result but the results require replication
[18]. This may be partly because of its heterogeneous phenotype and variable course making it
difficult to isolate treatment effects. Examining the longitudinal course of apathy in people with

dementia in a large longitudinal study, would clarify the nature of apathy and inform those affected



and professionals. Understanding the determinants of apathy may also inform development of

future interventions to manage apathy and identify whom these should target.

Therefore, in this study we aimed to 1) describe the prevalence and persistence of clinically-
significant apathy in UK care home residents with dementia, 2) investigate the association of other
neuropsychiatric symptoms in people with clinically-significant apathy, and 3) identify

sociodemographic and disease related factors associated with worse apathy trajectory.

Materials and methods

Data for this study came from the Managing Agitation and Raising Quality of life (MARQUE)
longitudinal care home study, which has previously been described in detail [19-21]. MARQUE was

approved by the National Research Ethics Committee London Harrow 14/L0/0034 (06/03/14).

Participants and setting

We recruited residents from 86 care homes between January 2014 and November 2015 if they had a
clinical diagnosis of dementia or scored more than two on the Noticeable Problems Checklist (NPC),
which is a six-item proxy-rated questionnaire assessing cognition and function, validated against
clinical criteria [22]. A range of different care homes were included, comprising voluntary, state and
private, recruited through third sector partners, NHS trusts and clinicians, a Department of Health

newsletter and a NIHR clinical research network.

After care home managers agreed for their home to participate in the study, care home staff then
completed the NPC for all residents without known dementia diagnosis to identify those who may
have undiagnosed dementia. All those with known dementia or who screened positive for dementia
were eligible. Staff asked residents who they judged as having mental capacity using the principles of
the UK 2019 Mental Capacity Act if researchers could approach them. These residents were then

asked for written informed consent to participate in the study. For all other residents, the staff tried
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to contact next-of-kin consultees to ask if the researchers could contact them and proxy consent was

obtained in line with the Mental Capacity Act 2005.

Measures and procedures

In a private room at the care home, a trained researcher interviewed a staff member who worked
closely with each resident with dementia to complete proxy-rated measures about the resident. Data

were collected on five occasions, at baseline, 4 months, 8 months, 12 months and 16 months.

Apathy

We assessed apathy and other neuropsychiatric symptoms using the Neuropsychiatric Inventory
(NPI) [23] which is an informant-rated scale assessing the presence and severity of 12
neuropsychiatric symptoms. For each symptom, the informant is asked whether the symptom has
been present during the past month. If not, the score for that symptom is 0, but if so, the symptom is
rated on severity (1-3) and frequency (1-4) and the score for each symptom is then derived by
multiplying the severity and frequency scores, resulting in a score from 0-12. Consistent with
previous studies [24], we divided participants into those with ‘no apathy’ (scoring 0 on NPI apathy

subscale), ‘sub-clinical apathy’ (scoring 1-3) and ‘clinically-significant apathy’ (scoring 4-12).

Other neuropsychiatric symptoms

Other neuropsychiatric symptoms (delusions, hallucinations, agitation, depression, anxiety,
irritability, euphoria, disinhibition, aberrant motor behaviour, night-time behaviour disturbances, and
appetite and eating abnormalities) were also assessed using the NPI with the same scoring scale as
for apathy, with a score of > 4 considered clinically-significant severity. Total score of the NPl was

calculated by summing scores of the 11 items (excluding apathy).

Other variables

We collected demographic information including the resident’s age, sex, and marital status



(married/common law partner, single/divorced or separated, and widowed). We asked whether
residents had taken antipsychotics, antidepressant, hypnotics/anxiolytics, analgesia,
acetylcholinesterase inhibitors, or memantine grouped according to chapters of the British National
Formulary [25] either prescribed regularly or as required during the preceding two weeks before
baseline [26]. All participants had dementia. Dementia severity was assessed using the Clinical
Dementia Rating (CDR) scale [27], where CDR 0.5 or 1 = mild dementia, 2 = moderate dementia, and

3 = severe dementia.

Statistical methods

Statistical analysis was performed with Stata/MP16. First, baseline demographics and presence of
other neuropsychiatric symptoms were described for people with no apathy, sub-clinical apathy, and
clinically-significant apathy, and characteristics were compared between the three groups using

ANOVA for continuous variables and chi-square test for categorical variables.

We then described the longitudinal course of apathy by describing, for each of the three apathy
groups, the proportion of participants who had no, sub-clinical, or clinically-significant apathy, or had
died at each subsequent time-point 4, 8, 12, and 16 months after baseline. Since deaths of
participants may lead to attrition bias, we included the number of dead people cumulatively over

time.

We examined the association of apathy with socio-demographic and clinical characteristics using
apathy data at all study time points. We used linear mixed models with a random effect for intercept
because data were clustered by individuals. We first examined the association of apathy NPI subscale
score with study time-point in unadjusted models and then included in our model age (continuous),
sex, dementia severity (mild, moderate or severe), use of antipsychotics, apathy at baseline (no
apathy, sub-clinical apathy, clinically-significant apathy), and baseline total score of the NPI (excluding

the apathy subscale).



Results

We included 1,419 residents with dementia whose sociodemographic and clinical characteristics are
summarized in table 1. The mean age of participants was 85 years (standard deviation (SD) 8.5) and
975 (68.7%) were women. The majority (55.7%) were widowed and 333 (24.1%) were married with
the remainder single, divorced or separated. There was a range of dementia severity with 418
(29.5%) having mild dementia, 468 (33.1%) moderate, and 530 (37.4%) severe. The most commonly
used medications were antidepressant (568, 40.0%). The number of participants at each study phase

is shown in Figure 1.

Longitudinal course of apathy

At baseline, 946 participants (66.7%) had no apathy, 169 participants (11.9%) had sub-clinical apathy
and 304 (21.4%) had clinically-significant apathy. By the 16-month study time-point, 492 (34.7%)
residents had died, comprising 320 (33.8%) of people who had no apathy at baseline, 52 (30.8%) of
people with sub-clinical apathy and 120 (39.5%) of those with clinically-significant apathy at baseline.
The period prevalence of any apathy during the 16 months of study follow-up was 85.1% (1207
participants) and the period prevalence of clinically-significant apathy during this time was 47.3%
(671 participants). Full information about apathy scores at each time-point is in Supplementary Table

1.

The longitudinal progression of apathy is shown in Figure 2. Of the people who had clinically-
significant apathy at baseline, 52 (18.2%) had died four months later, 89 (32.5%) at 8 months, 109
(40.7%) at 12 months and 120 (45.8%) at 16 months’ follow-up. 100 (35.1%), 80 (29.2%), 70 (26.1%)
and 65 (24.8%) of the baseline clinically-significantly apathetic participants had clinically-significant
apathy at the 4, 8, 12, and 16-month time-points respectively. The proportions of surviving
participants with clinically-significant apathy at baseline who had clinically-significant apathy at 4, 8,

12, and 16 months were 42.9%, 43.2%, 44.0%, and 45.8% respectively.
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Of the people who had no apathy at baseline, 89 (10.1%) had died at 4 months, 188 (22.1%) at 8
months, 261 (31.7%) at 12 months, and 320 (39.7%) at 16 months. 606 (69.0%), 491 (57.6%), 411
(49.9%), and 346 (42.9%) of participants who had no apathy at baseline continued to not be
apathetic at 4, 8, 12, and 16 months’ follow-up respectively. The proportions for surviving
participants only who had persistent absence of apathy at these time-points were 76.8%, 73.9%,
73.1%, and 71.3% at 4, 8, 12, and 16 months. Sub-clinical apathy rarely persisted, with only 12.2%,
9.4%, 7.9% and 4.5% of the 169 participants with sub-clinical apathy at baseline remaining in this

group at study follow-up.

Of the 1196 people who had at least two assessments, 45 (3.8%) were always clinically-significantly
apathetic, 3 (0.3%) were always sub-clinically apathetic, and 420 (36.2%) were never apathetic until

death or end of follow-up.

Association of socio-demographic and clinical characteristics with baseline apathy

There were no differences in age, sex, marital status, and use of medications, including
antidepressant, antipsychotics, hypnotics, analgesics, acetylcholinesterase inhibitors, or memantine,
between the three baseline apathy groups. There was a higher rate of more severe dementia in

those with clinically-significant apathy (p <0.001).

Several other neuropsychiatric symptoms were significantly more common in those with apathy
(Table 2). Clinically-significant hallucinations (present in 11.1% of those with clinically-significant
apathy vs 4.9% of those without apathy), agitation/aggression (52.6% vs 26.7%),
depression/dysphoria (25.3% vs 7.4%), anxiety (21.5% vs 10.4%), disinhibition (15.0% vs 6.3%),
irritability (31.7% vs 15.8%), sleep disturbance (24.4% vs 11.4%), and appetite disturbance/eating
disorder (37.7% vs 10.4%) were more common in those with clinically-significant apathy compared to
those without apathy. Only the presence of delusions, elation/euphoria, and aberrant motor

behaviour was not associated with apathy. The mean NPI score (excluding the apathy subscale) was

11



substantially higher for those with clinically-significant apathy (20.2, SD 16.8) than those without

apathy (10.3, SD 12.3) or those with sub-clinical apathy (11.3, SD 9.5).

Determinants of apathy over time

Apathy overall increased over follow-up: NPI apathy subscale scores were 0.36 (95% confidence
interval (Cl) 0.10, 0.62) points higher at 8 months, 0.56 (0.29, 0.84) points higher at 12 months, and
0.71(0.42, 1.00) at 16 months compared to 4 months (Table 3). In adjusted models, this increase in
apathy over time persisted. Having more severe dementia was associated with worse apathy: (1.18
(0.78, 1.58) NPI apathy points higher for those with severe v mild dementia). Having worse baseline
apathy was associated with worse apathy (1.73 (1.31, 2.16) points higher apathy score for those who
had clinically-significant v no apathy). Worse baseline neuropsychiatric symptoms were also
associated with worse apathy (0.03 (0.02, 0.04) points higher apathy score for each one point higher

NPI scale score). Older age, sex or taking antipsychotic medication were not associated with apathy.

Discussion

In, to our knowledge, the largest study of apathy in people with dementia including 1419 people
with dementia living in UK care homes over 16 months, we found that apathy was a common but not
universal symptom, and that it frequently fluctuated over months with most people who had
clinically-significant apathy at one time period no longer scoring in the clinically-significant range four
months later. In addition, three-quarters of those with no apathy symptoms at baseline never
developed clinically-significant apathy. However nearly half of residents were reported as having
clinically-significant apathy at least once, indicating that even those who had no apathy at baseline
often later had apathy at some point in follow-up. Apathy scores in the whole population worsened
over time and this increase was more pronounced in those with more severe dementia, more severe
apathy and other neuropsychiatric symptoms at baseline. One third of participants had some level of

apathy at baseline and a fifth had clinically-significant levels. Over time, many people in the study
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developed apathy, with the large majority of participants (85%) having sub-clinical or clinically-
significant apathy at least once during study 16 months’ follow-up. However, the longitudinal course
of apathy was variable. More than two-thirds (71-77%) of those without symptoms of apathy
remained apathy free. In contrast, fewer than half (40-46%) of people had persistent clinically-
significant apathy at 4 monthly time points, and only 5-12% had persisting sub-clinical apathy. Only
4% of participants with at least two assessments had persistent clinically-significant apathy until the

end of follow-up.

The prevalence of apathy in our large care-home dwelling sample is slightly lower than that found in
other smaller studies. We found a third of people had any apathy at baseline, whereas three studies
of people with moderate dementia found that point-prevalence of apathy on the NPI ranged from
40-51.3% [11, 28, 29]. Our lower prevalence is surprising as our sample had people with more severe
dementia than these studies and were recruited from care homes, rather than community clinic
settings as for the other studies. We might expect the nursing home population to have higher rates
of apathy but this was not the case. Our finding of baseline point prevalence of 21% for clinically-
significant apathy was however consistent with a study of 290 nursing home residents with severe

dementia (prevalence 18.8%) [12].

The disparities in apathy prevalence between these studies may reflect differences in the perspective
of the rater. Both ours and the care home study [12] used care home staff ratings which may be less
influenced by the personality of the person with dementia before the illness. Although not explicitly
described, it is likely that the other studies of community-dwelling people with dementia used
family-informants [11, 28, 29]. Family members are more likely to compare their relative to the way
they were when well and to find apathy distressing, linked with feelings of guilt and difficulties in
decision-making [30], so apathy may be more salient in family-raters than professional caregivers, for

whom apathy is rarely considered distressing [31].
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We expected that apathy would be associated with depression and anxiety, which are commonly
grouped as affective neuropsychiatric symptoms [32]. We were surprised that apathy was associated
with symptoms of hyperactivity — agitation and irritability — as these may be considered to be
antithetical [33], although as expected apathy was not associated with elation and increased motor
activity. Our findings are consistent with previous studies which have found associations of apathy
with most other neuropsychiatric symptoms, for example uncooperative agitation 2.6x, physical
agitation 2.7x, and impulsive or euphoric behaviour 3.9x more common in people with dementia
who have apathy than in those who do not [34]. Apathy therefore, when present, is likely to co-exist

with other neuropsychiatric symptoms.

We found that more severe dementia, more severe apathy and other neuropsychiatric symptoms at
baseline were associated with a worse course of apathy; demographic features and psychotropic
prescription were not. This finding is in line with a small longitudinal study of people with newly
diagnosed dementia [28] and a large population based survey [4] showing the association between
more severe dementia or worse cognitive function and incident apathy. An autopsy study found that
apathy was associated with higher neurofibrillary tangle concentration in the anterior cingulate
cortex [35] and imaging studies indicate that apathy is linked with prefrontal-subcortical circuit

disruption [36, 37] suggesting that apathy reflects neurodegeneration.

Strengths of this study include the large number of participants and the five assessments over 16
months with systematic assessment of neuropsychiatric symptoms. It extends previous research by
examining associations longitudinally, has a low attrition, with 85% of participants followed until
their death or the end of our study period. However, there are limitations which affect the
interpretation of our findings. Firstly, though we aimed to speak to care staff who knew the residents
well, they may have been looking after many residents and so there may be measurement error
which accounts for variability in apathy scores across time. While the NPl is the most used

instrument for assessing apathy in dementia, it lacks detail on specific symptoms which limits our
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conclusions. Previous studies have suggested a Hawthorne effect whereby repeated visits to a care
home influence neuropsychiatric symptoms in a positive way so this may have affected our
longitudinal ratings [38]. We did not collect comorbidities or pain which could have affected apathy
and we did not have information about dementia subtype meaning we could not consider whether
apathy trajectory varied by dementia type. We did not include data on staffing of, or activities in,
included care homes but previous studies have suggested that there are not associated with other
neuropsychiatric symptoms [19]. Finally, our observational study did not deliver any intervention to
participants, but some may have received treatments aiming to improve apathy as part of their usual
clinical care and we do not have information about this. However, as no interventions have proven
efficacy [15, 17], these treatments are unlikely to have altered our findings on apathy’s longitudinal

course.

In conclusion, our results indicate that most people with dementia are not apathetic at any one time
but it is common, and fluctuates in its course. It is important for clinicians to know that most people
with dementia do not develop apathy and it is not an inevitable symptom. In people with less severe
dementia and less severe apathy or other neuropsychiatric symptoms, it is more likely to improve.
Clinicians and researchers may suggest social stimulation (as is good practice in care homes) and
watchful waiting as appropriate responses since most cases will resolve. Previous reviews suggest
that individualized treatments incorporating patients' past preferences and environmental factors
are potential treatment approaches [15] but some of the failures of drug treatment to show efficacy
may be related to recruiting people who will, in the main, remit spontaneously. There are no
treatment options which have consistently proven clinical effectiveness, and researchers should
consider targeting those whose symptoms are less likely to remit spontaneously, such as those with
more severe dementia, worse apathy and other neuropsychiatric symptoms. These groups may be

suitable targets for future trials of promising treatments such as methylphenidate [18]. Future
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studies may also identify neurobiological markers of apathy and elucidate those with persistent

apathy allowing targeted treatment.

16



Acknowledgements

We are grateful for all the MARQUE study participants, their families, and the care home staff. We
would like to thank Dr Lucy Webster for her contribution to documenting the longitudinal
participation of the MARQUE study subjects. AS, HKP and GL are supported by University College

London Hospitals NIHR BRC.

Funding declaration

This work was supported by a grant from the UK Economic and Social Research Council and the

National Institute of Health Research Grant number NIHR/ESRC ES/L001780/1.

Conflict of interest

The authors have no conflict of interest to report.

17



References

(1]

(2]

(4]

(5]

(6]

(7]

(8]

9]

[10]

(1]

(12]

Robert P Onyike CU, Leentjens A, Dujardin K, Aalten P, Starkstein S, Verhey F, Yessavage J,
Clément J-P, Drapier D (2009) Proposed diagnostic criteria for apathy in Alzheimer's
disease and other neuropsychiatric disorders. £ur Psychiatry 24, 98-104.

Zhao Q-F, Tan L, Wang H-F, Jiang T, Tan M-S, Tan L, Xu W, Li J-Q Wang J, Lai T-J, Yu J-T
(2016) The prevalence of neuropsychiatric symptoms in Alzheimer's disease: Systematic
review and meta-analysis. J Affect Disord 190, 264-271.

O'Connor CM, Clemson L, Hornberger M, Leyton CE, Hodges JR, Piguet O, Mioshi E (2016)
Longitudinal change in everyday function and behavioral symptoms in frontotemporal
dementia. Neurol Clin Pract 6, 419-428.

van der Linde RM, Matthews FE, Dening T, Brayne C (2017) Patterns and persistence of
behavioural and psychological symptoms in those with cognitive impairment: the
importance of apathy. /nt / Geriatr Psychiatry 32, 306-315.

Vilalta-Franch J, Calvo-Perxas L, Garre-Olmo J, Turrd-Garriga O, Lopez-Pousa S (2013)
Apathy syndrome in Alzheimer's disease epidemiology: prevalence, incidence, persistence,
and risk and mortality factors. / Alzheimers Dis 33, 535-543.

Kolanowski A, Boltz M, Galik E, Gitlin LN, Kales HC, Resnick B, Van Haitsma KS, Knehans A,
Sutterlin JE, Sefcik JS, Liu W, Petrovsky DV, Massimo L, Gilmore-Bykovskyi A, MacAndrew
M, Brewster G, Nalls V, Jao YL, Duffort N, Scerpella D (2017) Determinants of behavioral
and psychological symptoms of dementia: A scoping review of the evidence. Nurs Outlook
65, 515-529.

Dauphinot V, Delphin-Combe F, Mouchoux C, Dorey A, Bathsavanis A, Makaroff Z, Rouch |,
Krolak-Salmon P (2015) Risk factors of caregiver burden among patients with Alzheimer's
disease or related disorders: a cross-sectional study. / Alzheimers Dis 44, 907-916.

Feast A, Moniz-Cook E, Stoner C, Charlesworth G, Orrell M (2016) A systematic review of
the relationship between behavioral and psychological symptoms (BPSD) and caregiver
well-being. /nt Psychogeriatr 28, 1761-1774.

van Dalen JW, van Wanrooij LL, Moll van Charante EP, Brayne C, van Gool WA, Richard E
(2018) Association of Apathy With Risk of Incident Dementia: A Systematic Review and
Meta-analysis. JAMA Psychiatry 75, 1012-1021.

Bock MA, Bahorik A, Brenowitz WD, Yaffe K (2020) Apathy and risk of probable incident
dementia among community-dwelling older adults. Neurology 95, e3280-e3287.

Aalten P De Vugt ME, Jaspers N, Jolles J, Verhey FR (2005) The course of neuropsychiatric
symptoms in dementia. Part I: findings from the two-year longitudinal Maasbed study. /nt
J Geriatr Psychiatry 20, 523-530.

Wetzels RB, Zuidema SU, de Jonghe JF, Verhey FR, Koopmans RT (2010) Course of
neuropsychiatric symptoms in residents with dementia in nursing homes over 2-year

period. The American Journal of Geriatric Psychiatry 18, 1054-1065.

18



[13]

[14]

(15]

(16]

(17]

(18]

[19]

(20]

(21]

[22]
(23]

(24]

(25]

(26]

Léger GC, Banks SJ (2014) Neuropsychiatric symptom profile differs based on pathology in

patients with clinically diagnosed behavioral variant frontotemporal dementia. Dement

Geriatr Cogn Disord 37, 104-112.

Park HK, Choi SH, Park SA, Kim HJ, Lee Y, Han SH, Kim EJ, Kim BC, Han HJ, Moon SY, Yang

DW, Park KW, Park KH, Yoon B, Seo SW, Na DL, Na HR, Lee JH (2015) Cognitive profiles

and neuropsychiatric symptoms in Korean early-onset Alzheimer's disease patients: a

CREDOS study. J Alzheimers Dis 44, 661-673.

Theleritis C, Siarkos K, Politis AA, Katirtzoglou E, Politis A (2018) A systematic review of

non-pharmacological treatments for apathy in dementia. /nt J Geriatr Psychiatry 33, e177-

e192.

Berman K, Brodaty H, Withall A, Seeher K (2012) Pharmacologic treatment of apathy in

dementia. The American Journal of Geriatric Psychiatry 20, 104-122.

Ruthirakuhan MT, Herrmann N, Abraham EH, Chan S, Lanctot KL (2018) Pharmacological

interventions for apathy in Alzheimer's disease. Cochrane Database Syst Rev.

Mintzer J, Lanctot KL, Scherer RW, Rosenberg PB, Herrmann N, van Dyck CH, Padala PR,

Brawman-Mintzer O, Porsteinsson AP, Lerner AJ, Craft S, Levey Al, Burke W, Perin J, Shade

D, Group AR (2021) Effect of Methylphenidate on Apathy in Patients With Alzheimer

Disease: The ADMET 2 Randomized Clinical Trial. JAMA Neurology.

Livingston G, Barber J, Marston L, Rapaport P, Livingston D, Cousins S, Robertson S, La

Frenais F, Cooper C (2017) Prevalence of and associations with agitation in residents with

dementia living in care homes: MARQUE cross-sectional study. B/Psych Open 3, 171-178.

Robertson S, Cooper C, Hoe J, Lord K, Rapaport P Marston L, Cousins S, Lyketsos C,

Livingston G (2020) Comparing proxy rated quality of life of people living with dementia

in care homes. Psychol/ Med 50, 86-95.

Marston L, Livingston G, Laybourne A, Cooper C (2020) Becoming or Remaining Agitated:

The Course of Agitation in People with Dementia Living in Care Homes. The English

Longitudinal Managing Agitation and Raising Quality of Life (MARQUE) Study. /

Alzheimers Dis 76, 467-473.

Levin E (1989), National Institute for Social Work, London.

Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J (1994) The

Neuropsychiatric Inventory: comprehensive assessment of psychopathology in dementia.

Neurology 44, 2308-2314.

Ballard CG, Margallo-Lana M, Fossey J, Reichelt K, Myint P, Potkins D, O Brien J (2001) A 1-

year follow-up study of behavioral and psychological symptoms in dementia among

people in care environments. / Clin Psychiatry 62, 631-636.

Joint Formulary Committee (2022) British National Formulary, London: BMJ Group and

Pharmaceutical Press.

La Frenais F, Vickerstaff V, Cooper C, Livingston G, Stone P, Sampson EL (2021)

Psychotropic prescribing for English care home residents with dementia compared with

national guidance: findings from the MARQUE national longitudinal study. B/Psych Open
19



[27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

7.

Morris JC (1997) Clinical dementia rating: a reliable and valid diagnostic and staging
measure for dementia of the Alzheimer type. /nt Psychogeriatr9, 173-176.
Gillette-Guyonnet S, Andrieu S, Nourhashemi F, Gardette V, Coley N, Cantet C, Gauthier S,
Ousset P-J, Vellas B (2011) Long-term progression of Alzheimer’s disease in patients under
antidementia drugs. Alzheimer's & Dementia 7, 579-592.

Garre-Olmo J, Lopez-Pousa S, Vilalta-Franch J, de Gracia Blanco M, Vilarrasa AB (2010)
Grouping and trajectories of neuropsychiatric symptoms in patients with Alzheimer's
disease. Part Il: two-year patient trajectories. / Alzheimers Dis 22, 1169-1180.

Chang CYM, Baber W, Dening T, Yates J (2021) “He Just Doesn’t Want to Get Out of the
Chair and Do It": The Impact of Apathy in People with Dementia on Their Carers. /nt J
Environ Res Public Health 18, 6317.

Hessler JB, Schaufele M, HendImeier |, Junge MN, Leonhardt S, Weber J, Bickel H (2018)
Behavioural and psychological symptoms in general hospital patients with dementia,
distress for nursing staff and complications in care: results of the General Hospital Study.
Epidemiology and psychiatric sciences 27, 278-287.

van der Linde RM, Dening T, Stephan BC, Prina AM, Evans E, Brayne C (2016) Longitudinal
course of behavioural and psychological symptoms of dementia: systematic review. 7The
British Journal of Psychiatry 209, 366-377.

Snowden J, Bathgate D, Varma A, Blackshaw A, Gibbons Z, Neary D (2001) Distinct
behavioural profiles in frontotemporal dementia and semantic dementia. / Neuro/
Neurosurg Psychiatry 70, 323-332.

Chow TW, Binns MA, Cummings JL, Lam |, Black SE, Miller BL, Freedman M, Stuss DT, van
Reekum R (2009) Apathy symptom profile and behavioral associations in frontotemporal
dementia vs dementia of Alzheimer type. Arch Neuro/ 66, 888-893.

Marshall GA, Fairbanks LA, Tekin S, Vinters HV, Cummings JL (2006) Neuropathologic
correlates of apathy in Alzheimer’s disease. Dement Geriatr Cogn Disord 21, 144-147.
Theleritis C, Politis A, Siarkos K, Lyketsos CG (2014) A review of neuroimaging findings of
apathy in Alzheimer's disease. /nt Psychogeriatr 26, 195-207.

Starkstein SE, Brockman S (2018) The neuroimaging basis of apathy: empirical findings and
conceptual challenges. Neuropsychologia 118, 48-53.

Selbaek G, Kirkevold @, Engedal K (2008) The course of psychiatric and behavioral
symptoms and the use of psychotropic medication in patients with dementia in
Norwegian nursing homes—a 12-month follow-up study. 7he American Journal of
Geriatric Psychiatry 16, 528-536.

20



Table 1. Clinical characteristics according to severity of apathy

Characteristics All participants  No apathy Sub-clinical Clinically-significant  p-value
(N=1419) (N=946) apathy (N=169) apathy (N=304)
n % n % n % n %
Age (mean % SD) 85.0 +8.5 85.1+8.3 83.7+9.9 85.2 +8.5 0.149
Sex Female 985 69.4 665 70.3 112 66.3 208 68.4 0.529
Marital Married/common law partner 333 241 208 22.6 49 29.9 76 25.6 0.273
status Single, divorced or separated 279 20.2 185 20.1 31 18.9 63 21.2
Widowed 771 55.8 529 574 84 51.2 158 53.2
Missing 36 24 5 7
Dementia Mild 418 29.5 325 344 53 31.4 40 13.2 <0.001
severity Moderate 468 33.1 319 33.8 63 37.3 86 284
Severe 530 37.4 300 31.8 53 31.4 177 58.4
Missing 3 2 0 1
Medications Antipsychotics 238 16.8 145 15.3 32 18.9 61 20.1 0.114
Antidepressant 568 40.0 370 39.1 79 46.8 119 39.1 0.165
Hypnotic or anxiolytics 273 19.2 181 19.1 32 18.9 60 19.7 0.968
Analgesia 933 65.8 616 65.1 115 68.1 202 66.5 0.730
Acetylcholinesterase inhibitor 139 9.8 89 9.4 17 10.1 33 10.9 0.756
Memantine 84 5.9 50 5.3 13 7.7 21 5.9 0.338
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Table 2. Neuropsychiatric symptoms according to severity of apathy

Neuropsychiatric inventory All subjects No apathy Sub-clinical apathy Clinically-significant P value
(N=1,419) (N=946) (N=169) apathy (N=304)
n/N % n/N % n/N % n/N %
Delusion Frequency 141/1,398 10.1 93/940 9.9 14/164 8.5 34/294 11.6 0.554
score 6.9 + 2.6 (N=139) 6.9 + 2.7 (N=91) 6.6 + 2.7 (N=14) 6.9 + 2.3 (N=34)
. Frequency 89/1,407 6.3 47/944 4.9 9/166 54 33/297 11.1 0.001
Hallucinations
score 5.9 + 2.2 (N=89) 5.8+ 2.2 (N=47) 6.0+ 1.7 (N=9) 6.3 + 2.3 (N=33)
Agitation/Aggression Frequency 459/1,419 324 253/946 26.7 46/169 27.2 160/304 52.6 <0.001
score 6.8 + 2.6 (N=458) 6.6 + 2.5 (N=252) 6.1+ 2.3 (N=46) 7.2 + 2.8 (N=160)
Depression/Dysphoria Frequency 163/1,414 11.5 70/942 7.4 16/168 9.5 77/304 25.3 <0.001
score 6.2 + 2.5 (N=159) 5.9 + 2.4 (N=66) 5.1+ 2.1 (N=16) 6.6 2.5 (N=77)
Anxiety Frequency 183/1,417 12.9 98/945 10.4 20/169 11.8 65/303 21.5 <0.001
score 6.4 + 2.6 (N=182) 6.4 % 2.5 (N=97) 4.9 + 1.5 (N=20) 6.7 + 2.8 (N=65)
. . Frequency 41/1,416 2.9 25/945 2.7 4/168 2.4 12/303 3.9 0.464
Elation/Euphoria
score 6.0 £ 2.1 (N=39) 5.9+ 2.1 (N=23) 5.0 2.0 (N=4) 6.4 +2.3 (N=12)
Disinhibition Frequency 111/1,413 7.9 60/946 6.3 6/167 3.6 45/300 15.0 <0.001
score 6.7 £ 2.5 (N=111) 6.8 £ 2.5 (N=60) 7.0 +£3.0 (N=6) 6.5 + 2.6 (N=45)
Irritability/Lability Frequency 273/1,417 19.3 149/946 15.8 28/168 16.7 96/303 31.7 <0.001
score 6.9 + 2.7 (N=272) 6.6 + 2.5 (N=148) 3.1+ 2.4 (N=92) 7.7 + 2.9 (N=96)
] Frequency 259/1,405 19.3 164/940 17.5 27/169 159 67/296 22.6 0.092
Aberrant motor behaviour ~ 6.6 + 2.8 (N=232) 6.3 +2.7 (N=147) 6.2 + 2.6 (N=26) 7.3 +3.1 (N=59)
Sleep Frequency 198/1,407 14.1 107/940 11.4 18/168 10.7 73/299 24.4 <0.001
score 6.2 + 2.3 (N=194) 5.9 + 2.0 (N=105) 6.2 +2.3 (N=17) 6.6 + 2.6 (N=72)
Appetite / eating disorder Frequency 228/1,378 16.6 96/924 10.4 23/165 13.9 109/289 37.7 <0.001
score 7.3 + 2.8 (N=220) 7.3+ 2.8 (N=92) 6.5+ 2.7 (N=22) 7.6 + 2.9 (N=106)
Neuropsychiatric Inventory total score  12.5+13.7 (N=1,419) 10.3 +12.3 (N=946) 11.3 +9.5 (N=169) 20.2 +16.8 (N=304) <0.001
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Table 3. Longitudinal scores on NPI apathy score and relationship to clinical and socio-demographic features

Unadjusted N=1,230 Fully adjusted N=1,175
Coefficient  95% ClI Coefficient  95% ClI
Characteristic
Study time-point 4 months Reference Reference
8 months 0.36 (0.10,0.62) 0.36 (0.10, 0.63)
12 months 0.56 (0.29,0.84) 0.55 (0.27, 0.83)
16 months 0.71 (0.42,1.00) 0.68 (0.38,0.97)
Age (per year older age) -0.01 (-0.03, 0.01)
Sex Female Reference
Male 0.10 (-0.26, 0.45)
Dementia severity Mild Reference
Moderate 0.64 (0.25,1.03)
Severe 1.18 (0.78, 1.58)
Antipsychotic -0.18 (-0.60, 0.25)
Baseline apathy Baseline no apathy Reference
Baseline sub-clinical apathy 0.85 (0.37,1.34)
Baseline clinically-significant apathy 1.73 (1.31, 2.16)
Other baseline (per one point higher NPI (minus 0.03 (0.02, 0.04)

neuropsychiatric symptoms  apathy) score)

Notes: Outcome is NPI apathy score (range 0-12). The fully adjusted model includes all the characteristics described in the table as covariates.
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Figure 1. Participation at each study phase and reasons for non-participation
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Figure 2. Apathy’s longitudinal course according to the baseline presence of apathy
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Supplementary table 1. Apathy scores at each time-point

Baseline 4 months 8 months 12 months 16 months
(N=1419) (N=1160) (N=974) (N=830) (N=715)
n % N % n % n % n %
NPIscores O 946 66.7 804 69.3 657 67.5 541 65.2 460 64.3
1 65 4.6 41 35 22 23 24 29 16 2.2
2 57 4.0 23 2.0 21 2.2 19 23 18 2.5
3 47 3.3 37 3.2 23 24 29 35 15 21
4 90 6.3 64 5.5 58 6.0 41 4.9 38 5.3
6 50 3.5 33 2.8 36 3.7 28 34 28 4.0
8 87 6.1 84 7.2 75 7.7 65 7.8 63 8.8
9 9 0.6 8 07 3 03 5 0.6 5 0.7
12 68 4.8 66 5.7 79 8.1 78 9.4 72 10.1
Mean (SD)? 54 (3.6) 6.1 (3.7) 6.8 (3.7) 6.9 (3.8) 7.2 (3.7)
No apathy® 946 66.7 804 69.3 657 67.5 541 65.2 460 64.3
Sub-clinical apathy® 169 11.9 100 8.6 66 6.8 72 8.7 49 6.9
Clinically-significant 304 214 256 22.1 251 25.8 217 26.1 206 28.8
apathy®

Notes: NPI = Neuropsychiatric inventory; * Mean and standard deviation in those who scored >0; ® No apathy = 0 on

NPI apathy subscale, Sub-clinical apathy = 1-3, Clinically-significant apathy = 4-12

28



