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Abstract Introduction: Agitation in individuals with Alzheimer’s disease (AD) may predict institutionaliza-
tion. This study assessed the incremental risk and costs associated with agitation in individuals with AD.
Methods: A retrospective analysis of the National Alzheimer’s Coordinating Center Uniform Data
Set (June 2005-February 2018) was conducted. Incremental risk of institutionalization associated
with agitation was estimated and used with the number of institutionalized individuals with AD
and agitation and costs of living by residential setting in the United States (literature-based), to esti-
mate incremental institutionalization costs.

Results: The analysis included 11,348 individuals with AD: 6603 (58.2%) with and 4745 (41.8%)
without agitation. Compared with individuals without agitation, those with agitation were 20%
more likely to be institutionalized (odds ratio = 1.20; 95% CI = 1.08-1.33). Total incremental
cost of institutionalization associated with agitation was $4.3 billion ($50,588/individual).
Discussion: Agitation is associated with a higher risk of institutionalization among patients with AD,
which translates into a substantial economic burden.

© 2019 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Background

Alzheimer’s disease (AD), the most common form of de-
mentia, is a complex neurodegenerative brain disease that af-
fects over 5 million Americans [1]. The defining clinical
features of AD include progressive decline in cognition
and functional abilities, and a range of behavioral symp-
toms—including agitation, mood disorders, psychotic symp-
toms, and sleep disorders—that manifest throughout the
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disease process [2,3].

Agitation is among the most persistent and distressing
behavioral symptoms of AD [4,5]. However, until 2015,
there was no established definition of agitation, leading to
variability in reports of disease burden and epidemiological
data. Recently, a working group led by the International
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Psychogeriatric Association developed a consensus defini-
tion of agitation in patients with cognitive disorders. Agita-
tion is defined as excessive motor activity, verbal aggression,
or physical aggression that is associated with observed or in-
ferred evidence of emotional distress, severe enough to pro-
duce excess disability, which in the physician’s opinion is
beyond that due to the cognitive impairment and not attribut-
able solely to another comorbid psychiatric or medical con-
dition [6].

Agitation is a frequent behavioral symptom in individuals
with AD, but, owing to the lack of an established definition
until recently, prevalence estimates vary greatly in the liter-
ature [4,7,8]. This is perhaps best illustrated by a recent large
care home survey, in which 40% of patients with dementia
were reported to have clinically significant agitation based
on the Cohen-Mansfield Agitation Inventory (score >45),
whereas 32% were reported to have clinically significant
agitation based on the Neuropsychiatric Inventory (NPI;
score >4 on the agitation domain) and 57% were reported
to have any agitation (score >1 on the NPI agitation domain)
[9]. Other studies have also reported prevalence of agitation
for individuals with dementia in residential facilities to be
between 28% and 60% [5,8,10,11]. Among community-
dwelling individuals with dementia, the prevalence of agita-
tion was reported to be between 24% and 67% [7,12].

In patients with dementia, agitation is associated with
more rapid decline and deterioration in cognitive function
and quality of life, which impede daily activities and rela-
tionships including those with family and caregivers
[8,9,13]. In addition, agitation may be an important predictor
of institutionalization [12,14,15]. Among patients with
dementia, more severe behavioral symptoms and disruptive
behaviors are important predictors of earlier institutionaliza-
tion [16—18]. However, prior studies have been limited to
very small sample sizes and largely focused on behavioral
symptoms in general.

The main components of the costs attributable to demen-
tia are the costs associated with institutional and home-based
long-term care rather than medical care. Together, residen-
tial and formal and informal home care represent 75% to
84% of costs attributable to dementia in the United States
[19]. Across disabilities, costs associated with long-term
care residential facilities has been estimated at over $200
billion in the United States in 2012—representing almost
10% of all the US personal health care spending [20]. Given
that agitation may increase the risk of institutionalization, it
is likely associated with a substantial economic burden, yet
there is a paucity of published data on costs of institutional-
ization associated with agitation in individuals with AD.

The primary objective of this study was to assess the in-
cremental risk of institutionalization associated with agita-
tion, as defined by the agitation domain of the NPI
Questionnaire (NPI-Q), in individuals with AD. The second-
ary objective was to estimate the incremental costs of
institutionalization associated with agitation in individuals
with AD.

2. Methods
2.1. Data sources

This study utilized two data sources; the primary analyses
were conducted using data from the National Alzheimer’s
Coordinating Center Uniform Data Set (NACC-UDS,
September 2005-February 2018), and sensitivity analyses
were conducted using the Alzheimer’s Disease Neuroimag-
ing Initiative (ADNI) database (September 2005—September
2017).

The NACC-UDS reflects the enrollment of individuals
from approximately 39 past and present Alzheimer’s Dis-
ease Centers across the United States, which are supported
by the US National Institute on Aging/National Institute of
Health. The NACC-UDS includes information on over
39,000 individuals with a range of cognitive status—normal
cognition, mild cognitive impairment, and different types of
dementia. More specifically, the NACC-UDS comprises lon-
gitudinal data on individual demographics, family history,
medical history (including medication use), cognitive status
(based on validated instruments such as the Mini—Mental
State Examination and Clinical Dementia Rating scale
[CDR® Dementia Staging Instrument]), functional status
(evaluated using the Functional Assessment Questionnaire),
and behavioral symptoms (evaluated using the NPI-Q). The
NACC-UDS protocol requires annual follow-up visits as
long as the individual is able to participate.

The ADNI (adni.loni.usc.edu), a public—private partner-
ship led by the Principal Investigator Michael W. Weiner,
MD, is a longitudinal multicenter study of individuals over
55 years of age, designed to identify clinical, imaging, ge-
netic, and biochemical markers for the early detection and
tracking of AD. The study includes over 1000 individuals
in the United States; 25% with dementia, 50% with mild
cognitive impairment of the amnestic type, and 25% without
cognitive impairment. For up-to-date information, see www.
adni-info.org. Individuals in the ADNI database have been
observed for up to 12 years after study enrollment, with
visits scheduled every 6 months.

Enrollment in both the NACC-UDS and the ADNI data-
bases is protocol specific and is not intended to be represen-
tative of the broader US population. Written informed
consent was obtained from all participants and informants
to the NACC-UDS and ADNI. Both databases comply
with the Health Insurance Portability and Accountability
Act. This study received an exemption from institutional re-
view from the New England Independent Review Board on
the basis that the data do not include any identifiable individ-
ual information.

In addition, for the estimation of the incremental institu-
tionalization/living costs associated with agitation in AD, a
targeted literature review was conducted to identify aggre-
gated unit costs by type of living place in the US, including
costs of living in a regular home without assistance, costs of
assisted living, and costs of living in a skilled nursing home
facility.
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2.2. Study design, sample selection, and cohort definition

A retrospective cohort design was employed. Individuals
were selected for this study if they (1) were enrolled in the
NACC-UDS study and had mild cognitive impairment or de-
mentia; (2) had known information on key variables (e.g.,
agitation domain of the NPI-Q, institutionalization) at any
time; and (3) had dementia with presumptive etiologic diag-
nosis of AD at any time before the index date or during the
study period (defined below). Individuals meeting the selec-
tion criteria were classified into two mutually exclusive co-
horts. Individuals were classified in the Agitation cohort if
they had at least one visit with a score of 1 or more on the
agitation domain from the NPI-Q classification (i.e., at least
a noticeable change in the patient being resistive to help
from others at times, or hard to handle since the patient first
began to experience memory problems) [21] recorded at any
time. Individuals were classified in the Agitation-free cohort
if they had no visit with an indicator of agitation recorded at
any time. An indicator of agitation was defined as a score of
1 or more on the agitation domain from the NPI-Q classifi-
cation, a meaningful change in behavior related to agitation
based on clinician assessment as reported in the NACC-
UDS, or a mention of any type of agitation in other psychi-
atric disorders. Individuals with an indicator of agitation, but
without a score of 1 or more on the agitation domain of the
NPI-Q at any time, were excluded from the study.

For each individual in the Agitation cohort, one visit was
randomly selected (using equal probability sampling)
among all of the individual’s visits where a score of 1 or
more on the agitation domain from the NPI-Q classification
was recorded, and the date of the selected visit was defined
as the index date. For each individual in the Agitation-free
cohort, one visit was randomly selected (using equal proba-
bility sampling) among all of the individual’s visits without
an indicator of agitation, and the date of the selected visit
was defined as the index date. For both cohorts, the study
period was defined as the 12-month period after the index
date (or the next visit if there was no other visit within
12 months) (Fig. 1).

Entropy balancing was applied to reweight the demo-
graphic and clinical characteristics of individuals included
in the two cohorts [22]. Individuals in the Agitation-free
cohort were reweighted so that the distribution of specified
covariates had the exact same moments (mean and standard
deviation) as the distribution of covariates for individuals in
the Agitation cohort. Weights were normalized so that the
sum of weights was equal to the number of individuals in
each cohort. The following characteristics were balanced be-
tween cohorts as of the index date: age, gender, race,
ethnicity, education level, primary language, marital status,
systolic and diastolic blood pressure, resting heart rate, active
depression, score on the Clinical Dementia Rating, score on
the Geriatric Depression Scale, score on the Modified Ha-
chinski Ischemia Scale, and score on the Functional Activ-
ities Questionnaire (high [score >9] vs. low [score <9]).

For the sensitivity analysis using the ADNI database,
similar study design and selection criteria were used, but
agitation was identified based on the score on the agitation
domain of either the NPI or NPI-Q (based on availability).

2.3. Measures, outcomes, and statistical analyses

Descriptive statistics were used to summarize individual
characteristics including demographics and AD-related clin-
ical characteristics, separately for the Agitation cohort and
Agitation-free cohort, before and after reweighting. Means,
standard deviations, and medians were presented for contin-
uous variables, and frequencies and percentages were pre-
sented for categorical variables. Standardized differences
between the two cohorts were calculated both before and af-
ter reweighting.

2.3.1. Institutionalization risk

Institutionalization risk was assessed from a prevalence-
based perspective and was measured at any visit before or
during the study period. Individuals were considered institu-
tionalized if they reported living in a residential care facility
where individuals are expected to require assistance with ac-
tivities related to daily living (e.g., personal care, meal prep-
aration, administration of medication). More specifically,
the following two categories were considered: (1) an assisted
living facility, adult family home, boarding home, or (2)
skilled nursing facility, nursing home, hospital, or hospice.
Institutionalization rates were calculated for each cohort as
the weighted number of individuals institutionalized divided
by the total number of individuals in the cohort. Incremental
institutionalization risk associated with agitation was esti-
mated using a weighted logistic regression model, where
the dependent variable was institutionalization and the inde-
pendent variable was a dummy variable for the Agitation
cohort. Results were reported as odds ratios (ORs) with their
95% confidence intervals (CIs) and P values.

2.3.2. Institutionalization costs

The total institutionalization costs incurred by individuals
with AD and agitation in the United States were estimated
based on the following components: the number of individ-
uals with AD and agitation institutionalized in the United
States (obtained from the literature); the incremental risk
of institutionalization associated with agitation in individ-
uals with AD (estimated in this study); and the unit costs
of institutionalization and the costs of living in a regular
home without assistance in the United States (obtained
from the literature) [1,10,23-27]. The incremental
institutionalization costs associated with agitation in
individuals with AD were estimated based on the
difference between the institutionalization costs and the
costs of living in a regular home without assistance,
multiplied by the incremental number of institutionalized
individuals with AD and agitation in the United States.
Unit costs obtained from the literature were adjusted for
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Fig. 1. Study design.

inflation and expressed in 2018 US dollars using the
Consumer Price Index, Urban All Items Component.

3. Results

A total of 11,348 individuals from the NACC-UDS met

the sample selection criteria for the study: 6603 individuals
(58.2%) were included in the Agitation cohort and 4745 in-
dividuals (41.8%) were included in the Agitation-free cohort
(Fig. 2). Before entropy balancing, the Agitation cohort

showed greater cognitive impairment in terms of AD
severity and clinical and cognitive assessment than the
Agitation-free cohort. The mean score on the Clinical De-
mentia Rating Scale was 8.4 in the Agitation cohort and
6.0 in the Agitation-free cohort; similarly, the mean score
on the Functional Activities Questionnaire was 19.2 versus
14.5, respectively, with standardized differences between
cohorts >0.50 for both scores (Table 1). After applying en-
tropy balancing, the Agitation and Agitation-free cohorts
had similar demographics and AD severity, as well as similar
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Individuals were enrolled in the NACC-UDS study and had mild cognitive impairment or dementia

N = 21,283 (100.0%)

Individuals had at least one recorded score on the agitation domain of the NPI-Q at any time and had

recorded information on key variables at any time

N =20,634 (97.0%)

Agitation Cohort |

Agitation-free Cohort

Individuals had a score greater than zero on

the agitation domain of the NPI-Q at any time

Individuals had no indicator of agitation! at

anytime

N=19,954 (48.2% )

N=10,017 (48.5%)

Individuals had dementia due to Alzheimer's
disease” at any time prior to the index date or

during the study period

Individuals had dementia due to Alzheimer's
disease’ at any time prior to the index date or

during the study period

N= 6,603 (66.3%)

N= 4,745 (47.4%)

NACC-UDS: National Alzheimer's Coordinating Center Uniform Data Set; NPI-Q: Neuropsychiatric Inventory

Questionnaire

Source: National Alzheimer's Coordinating Center (June 2005 — February 2018)

Notes:

[1] A total of 663 individuals with an indicator of agitation, but without a score of 1 or more on the agitation
domain of the NPI-Q at any time, were excluded from the analyses.
[2] Individuals with dementia for which Alzheimer's disease was identified as the presumptive etiologic diagnosis

of the cognitive disorder.

Fig. 2. Sample selection—NACC-UDS database.

clinical and cognitive assessment scores (i.e., all standard-
ized differences <0.20).

Compared with individuals in the Agitation-free cohort,
those in the Agitation cohort were 20% more likely to be
institutionalized (OR: 1.20; 95% CI: 1.08-1.33) (Fig. 3).
In the sensitivity analysis using the ADNI database
(N = 567), agitation was also found to be associated with
a higher risk of institutionalization (OR: 3.48; 95% CI:
1.16-10.44) (Supplementary Table 1).

Based on a prevalence of agitation in institutionalized in-
dividuals with AD of 50% [10] and an incremental risk of in-
stitutionalization associated with agitation in individuals
with AD of 1.20, an estimated excess of 85,089 individuals
with AD were institutionalized because of agitation, and the
estimated total incremental costs of institutionalization asso-
ciated with agitation in individuals with AD was $4.3 billion
in 2018 ($50,588 for each additional institutionalized indi-
vidual with AD) (Table 2). Owing to the lack of consensus
in the literature on the prevalence of agitation in institution-
alized individuals with AD, a sensitivity analysis was con-
ducted using prevalence estimates of 28% and 60%
[5,8,10,11]. With a prevalence of 28%, the total annual in-
cremental cost of institutionalization associated with agita-
tion in individuals with AD was estimated at $2.4 billion.
With a prevalence of 60%, the total annual incremental

cost of institutionalization associated with agitation in indi-
viduals with AD was estimated at $5.1 billion (results not
presented). Thus, it is estimated that the incremental costs
of institutionalization associated with agitation represent
2.9% to 6.1% of the total absolute costs of institutionaliza-
tion in individuals with AD, which were estimated at
$84.1 billion in 2018.

4. Discussion

This study, drawing on data from two large-scale longitu-
dinal studies of AD, found that among individuals with AD,
those with agitation were more likely to be institutionalized
compared with individuals without agitation. In addition, the
annual total incremental costs of institutionalization associ-
ated with agitation in individuals with AD were estimated at
$4.3 billion in 2018.

Findings based on the NACC-UDS data were consistent
with those from the sensitivity analysis based on the ADNI
data. However, some variations in the estimated risk of insti-
tutionalization based on NACC-UDS and ADNI data were
observed, which may be explained by the smaller sample
size from the ADNI data resulting in wider CIs for the esti-
mates. In addition, differences in the underlying populations
of the two databases may also contribute to observed
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Table 1

Individual characteristics (original and balanced cohort)—NACC-UDS database

Original cohort

Balanced cohort

Agitation-free

Agitation-free

L cohort . cohort R
Agitation cohort Standardized Standardized
Characteristics™ N = 6603 N = 4745 difference N = 4745 difference
Age, mean * SD [median] 75.9 = 9.9 [77.0] 76.1 = 10.0 [77.0] 0.020 75.9 £ 9.9 [77.0] 0.000
Female, N (%) 3515 (53.2%) 2704 (57.0%) 0.080 2526 (53.2%) 0.000
Race, N (%)
Asian 132 (2.0%) 84 (1.8%) 0.020 95 (2.0%) 0.000
Black 732 (11.1%) 412 (8.7%) 0.080 526 (11.1%) 0.000
White 5304 (80.3%) 4019 (84.7%) 0.120 3812 (80.3%) 0.000
Other' 257 (3.9%) 130 (2.7%) 0.060 185 (3.9%) 0.000
Unknown 178 (2.7%) 100 (2.1%) 0.040 128 (2.7%) 0.000
Ethnicity, N (%)
Hispanic 700 (10.6%) 388 (8.2%) 0.080 503 (10.6%) 0.000
Non-Hispanic 5891 (89.2%) 4341 (91.5%) 0.080 4233 (89.2%) 0.000
Unknown 12 (0.2%) 16 (0.3%) 0.030 9 (0.2%) 0.000
Education level’, N (%)
Less than high school 863 (13.1%) 523 (11.0%) 0.060 620 (13.1%) 0.000
High school degree 1546 (23.4%) 1105 (23.3%) 0.000 1111 (23.4%) 0.000
Some college 1108 (16.8%) 818 (17.2%) 0.010 796 (16.8%) 0.000
University degree 3036 (46.0%) 2274 (47.9%) 0.040 2182 (46.0%) 0.000
Unknown 50 (0.8%) 25 (0.5%) 0.030 36 (0.8%) 0.000
Primary language, N (%)
English 5914 (89.6%) 4294 (90.5%) 0.030 4250 (89.6%) 0.000
Spanish 536 (8.1%) 315 (6.6%) 0.060 385 (8.1%) 0.000
Other® 149 (2.3%) 131 (2.8%) 0.030 107 (2.3%) 0.000
Unknown 4 (0.1%) 5(0.1%) 0.020 3(0.1%) 0.000
Marital status, N (%)
Married 4258 (64.5%) 3017 (63.6%) 0.020 3060 (64.5%) 0.000
Widowed 1461 (22.1%) 1089 (23.0%) 0.020 1050 (22.1%) 0.000
Divorced 524 (7.9%) 381 (8.0%) 0.000 377 (7.9%) 0.000
Separated 59 (0.9%) 42 (0.9%) 0.000 42 (0.9%) 0.000
Never married 213 (3.2%) 130 (2.7%) 0.030 153 (3.2%) 0.000
Living as married/domestic partner 72 (1.1%) 63 (1.3%) 0.020 52 (1.1%) 0.000
Unknown 16 (0.2%) 23 (0.5%) 0.040 11 (0.2%) 0.000
Blood pressure (sitting)
Systolic, mean * SD [median] 127.9 = 34.1 [131.0] 125.9 = 38.3 [131.0] 0.250 127.9 = 34.1 [131.0] 0.000
Diastolic, mean = SD [median] 70.8 = 18.9 [73.0] 69.5 = 21.2 [72.0] 0.190 70.8 = 18.9 [73.0] 0.000
Resting heart rate (pulse), mean = SD 65.1 = 18.4 [67.0] 63.1 = 20.4 [66.0] 0.230 65.1 = 18.4 [66.0] 0.000
[median]
Comorbidities, N (%)
Hypertension 3821 (57.9%) 2607 (54.9%) 0.060 2675 (56.4%) 0.030
Hypercholesterolemia 3760 (56.9%) 2546 (53.7%) 0.070 2576 (54.3%) 0.050
Depression in the last 2 years 3175 (48.1%) 1671 (35.2%) 0.260 2282 (48.1%) 0.000
Incontinence—urinary 2148 (32.5%) 1093 (23.0%) 0.210 1428 (30.1%) 0.050
Cardiovascular disease 2019 (30.6%) 1417 (29.9%) 0.020 1433 (30.2%) 0.010
Clinical and cognitive assessment
Mini—Mental State Examination, 18.4 + 7.7 [20.0] 20.5 £ 6.5 [22.0] 0.300 18.0 = 7.4 [19.0] 0.050
Mean = SD [Median]
Individuals with missing values, N (%) 570 (8.6%) 744 (15.7%) 0.220 486 (10.2%) 0.050
Clinical Dementia Rating scale, 8.4 £52(7.0] 6.0 £ 4.3 [5.0] 0.520 8.4 £52([7.0] 0.000
Mean *= SD [Median]
Individuals with missing values, N (%) 0 (0.0%) 0 (0.0%) 0.000 0 (0.0%) 0.000
Functional Activities Questionnaire, 19.2 £ 9.2 [21.0] 14.5 = 9.4 [14.0] 0.510 18.7 = 9.3 [20.0] 0.060
Mean = SD [median]
Individuals with missing values, N (%) 41 (0.6%) 57 (1.2%) 0.060 29 (0.6%) 0.000
Geriatric Depression Scale, mean = SD 2.6 £2.8[2.0] 2.4 *2.6[2.0] 0.080 2.6 = 2.8[2.0] 0.000
[median]
Individuals with missing values, N (%) 628 (9.5%) 333 (7.0%) 0.090 451 (9.5%) 0.000
Modified Hachinski Ischemia Scale, 1.1 £ 1.5[1.0] 1.1 £ 1.5[1.0] 0.030 1.1 £1.5[1.0] 0.000

mean = SD [median]

(Continued)
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Table 1
Individual characteristics (original and balanced cohort)—NACC-UDS database (Continued)
Original cohort Balanced cohort
Agitation-free Agitation-free
Lo cohort . cohort .
Agitation cohort Standardized Standardized
Characteristics™ N = 6603 N = 4745 difference N = 4745 difference
Individuals with missing values, N (%) 422 (6.4%) 651 (13.7%) 0.250 303 (6.4%) 0.000
Any medication use, N (%) 6341 (96.0%) 4539 (95.7%) 0.020 4528 (95.4%) 0.030
FDA-approved medication for AD 4542 (68.8%) 3007 (63.4%) 0.110 3196 (67.4%) 0.030
symptoms
Antihypertensive or blood pressure 3591 (54.4%) 2573 (54.2%) 0.000 2554 (53.8%) 0.010
medication
Lipid-lowering medication 2761 (41.8%) 2045 (43.1%) 0.030 1998 (42.1%) 0.010
Antidepressant 2919 (44.2%) 1646 (34.7%) 0.200 1940 (40.9%) 0.070
Anticoagulant or antiplatelet agent 2590 (39.2%) 1824 (38.4%) 0.020 1782 (37.6%) 0.030
Nonsteroidal anti-inflammatory 2480 (37.6%) 1679 (35.4%) 0.050 1639 (34.6%) 0.060
medication
Beta-adrenergic blocking agent (beta- 1362 (20.6%) 977 (20.6%) 0.000 943 (19.9%) 0.020
blocker)
Angiotensin converting enzyme inhibitor 1241 (18.8%) 874 (18.4%) 0.010 880 (18.5%) 0.010
Diuretic 954 (14.4%) 718 (15.1%) 0.020 711 (15.0%) 0.010
Calcium channel blocking agent 985 (14.9%) 710 (15.0%) 0.000 701 (14.8%) 0.000
Anxiolytic, sedative, or hypnotic agent 856 (13.0%) 443 (9.3%) 0.120 453 (9.5%) 0.110
Antipsychotic agent 870 (13.2%) 195 (4.1%) 0.330 316 (6.7%) 0.220
Diabetes medication 729 (11.0%) 439 (9.3%) 0.060 472 (9.9%) 0.040

NOTE. Bold face indicate that the standardized difference is greater than 0.20.
Abbreviations: AD, Alzheimer’s disease; FDA, Food and Drug Administration; NACC-UDS, National Alzheimer’s Coordinating Center Uniform Data Set;

SD, standard deviation.

*Individual characteristics were measured as of the index date. In the situation where specific information was not available as of the index date, the most

recent visit with complete information prior to the index date was used.

TOther race was defined as American Indian/Alaskan, Hawaiian/other place of origin, more than one race.

*Less than high school was defined as less than 12 years of education, high school degree was defined as 12 years of education, some college was defined as 13
to 15 years of education, and university degree was defined as 16 or more years of education.

$Other primary language was defined as Mandarin, Cantonese, Russian, Japanese, and other specified primary language.

variations in the estimates. In particular, individuals in the
ADNI database had less severe AD, higher educational
attainment, and were more likely to be white. Given that
the extent of cognitive impairment has consistently been
shown to be associated with higher risk of institutionaliza-
tion, it is possible that the marginal impact of agitation on
the risk of institutionalization is higher among patients
with less severe AD [14,15,28]. There is also some evidence
to suggest racial and ethnic disparities in the risk of institu-
tionalization among patients with dementia; in the United
States, African Americans and Hispanics have been associ-
ated with a lower rate of placement in residential care facil-
ities compared with non-Hispanic whites [28].

Results from the present study are in line with prior find-
ings suggesting an association between behavioral symp-
toms and institutionalization [14,15,28]. However, this
study benefits from a larger and more generalizable sample
than prior research samples. Moreover, agitation has been
proposed as one of the most important factors influencing
the decision to transfer an individual with dementia to a res-
idential care facility [28,29]. The increased risk of institu-
tionalization among agitated individuals may be attributed
to several factors. Agitated behavior adversely influences
the patient’s environment, and raises concerns about risk

of self-inflicted harm and deterioration in quality of life
and cognitive function, leading to a high burden on patients’
family and caregivers [8,13,30]. In addition, the therapeutic
management of agitation in patients with AD remains chal-
lenging, such that a large proportion of patients remain un-
treated [10]. Although nonpharmacological approaches are
generally appropriate, in many instances, pharmacological
treatment is necessary for the optimal management of pa-
tients with severe agitation symptoms [31,32]. Yet, there is
currently no treatment approved by the US Food and Drug
Administration (FDA) for the full spectrum of agitation
symptoms in dementia [32]. The absence of FDA-
approved treatments combined with concerns about poly-
pharmacy in this patient population may lead to a suboptimal
management of agitation symptoms [29].

The present study focuses on the incremental costs of in-
stitutionalization, but agitation may be associated with a
much higher overall burden. A study in the United Kingdom
estimated that the additional costs of managing agitation ac-
counted for approximately 12% of the costs of dementia or
£4091 ($7236) per individual with AD when including addi-
tional components such as health care costs [33]. In the US
setting, a recent claims-based retrospective study found that
patients with dementia and behavioral disturbances
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Agitation-free Cohort

Agitation Cohort

12.5% 13.0% 13.5% 14.0% 14.5%

1.20 (1.16; 1.33) <0.001*

15.0% 15.5% 16.0% 16.5%

Proportion of individuals institutionalized

CI: confidence interval; OR: odds ratio

* Significant at the 5% level

Note:

[1] An odds ratio greater than 1 indicates that the odds of institutionalization are higher in the Agitation Cohort than in the Agitation-free Cohort.

Fig. 3. Odds of institutionalization associated with agitation in individuals with Alzheimer’s disease (balanced cohorts)—NACC-UDS database.

including agitation had a higher prevalence of comorbidities,
greater use of comedications, and greater health care utiliza-
tion, resulting in higher health care costs ($9644) compared
with patients with dementia without behavioral distur-
bances. Future initiatives including multisite collaborations
to collect data on agitation representative of the US popula-
tion of patients with dementia are warranted to validate and
extend results of registry-based studies.

The evidence base for treatment of agitation in individ-
uals with dementia—including both nonpharmacological
and pharmacological interventions—is growing [31,32].
Several ongoing trials are evaluating the efficacy of psycho-
social and environmental behavior management strategies
centered around patients and caregivers (e.g., social engage-
ment and sensory interventions), as well as pharmacological
interventions (e.g., antipsychotics, selective serotonin reup-
take inhibitors, and cannabinoids) for the treatment of agita-
tion in individuals with dementia [3,34-36]. Addressing
agitation represents a great opportunity for therapeutic
intervention and the alleviation of individual suffering,
family burden, and societal costs. Reducing agitation
could also reduce caregiver burden and prevent or delay
the institutionalization of individuals with dementia. In the
absence of FDA-approved treatments for dementia-related
agitation, effective, safe, and well-tolerated pharmacolog-
ical treatments are needed to manage the full spectrum of
agitation symptoms in individuals with AD. Efforts to pro-
mote uptake of clinical practice guidelines and a systematic
approach to the treatment of agitation in individuals with AD
in real-world practice may also help reduce risk of institu-
tionalization through effective management of agitation
symptoms. Management of agitation symptoms in individ-
uals with AD remains largely inadequate. For example, prior
studies have noted that a considerable proportion of patients

do not receive nonpharmacological treatment as recommen-
ded by practice guidelines [10].

Findings from this study should be interpreted in the light
of some limitations. First, the population of the NACC-UDS
and ADNI databases may not be fully representative of the
general population of patients with AD as it includes individ-
uals who are predominantly white and have a higher socio-
economic status with better access to care than the general
AD patient population. Second, in the context of this study,
agitation was defined based on the agitation domain of the
NPI-Q, which evaluates whether the patient is resistive to
help from others at times or hard to handle. Although the val-
idity of the NPI-Q as a measure of agitation has been shown
[37], it may not inform on the impact of specific manifesta-
tions that could be considered aggressive or disruptive for a
given stakeholder. Moreover, the NPI-Q score was assessed
at irregular intervals, on average every 12 months in the
NACC-UDS database, and may not have been assessed at
every visit or may have been incorrectly entered. To the
extent that data entry errors did not occur in a systematic
way or differently across cohorts, it is unlikely that these
measurement errors significantly influenced the findings of
the present study. Third, because there is no single data
source to measure costs of institutionalization associated
with agitation in individuals with AD, several estimates
from the literature and governmental publications were com-
bined, which may result in inconsistencies. Fourth, many
factors may be involved in the institutionalization decision
process. Although important predictors of institutionaliza-
tion such as age, gender, race, education level, and dementia
severity were balanced between cohorts, there may be re-
maining unobserved differences between cohorts that could
potentially have an impact on institutionalization risk.
Finally, the present study considered the impact of agitation
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Table 2
Incremental costs of institutionalization associated with agitation in
individuals with Alzheimer’s disease—NACC-UDS database

Components Label  Estimate*

Incremental costs of institutionalization

associated with agitation in individuals

with AD

Excess number of individuals with AD in [A] 85,089
institutionalized settings associated
with agitation’

Average annual incremental costs of [B]
institutionalization per individual with
AD

Total excess costs of institutionalization [C]
associated with agitation in individuals
with AD

Total costs of institutionalization in

individuals with AD

Total number of individuals with AD in [D]
institutionalized settings’

Average annual costs per individual with [E]
AD in institutionalized settings "

Total absolute costs of institutionalization [F]
in individuals with AD

Total excess costs of institutionalization/ [G] 5.1%
total absolute costs of
institutionalization

$50,588

$4,304,468,479

1,021,068
$82,331

$84,065,869,488

Calculations:

[C] = [A]x [B]

[F] = [D] x [E]

[G] = [CVIF]

Abbreviations: AD, Alzheimer’s disease; NACC-UDS, National Alz-
heimer’s Coordinating Center Uniform Data Set.

*Combined results from the literature, public databases, and results from
the present study. Costs are presented in 2018 United States dollars.

"Excess number of individuals with AD in institutionalized settings asso-
ciated with agitation is based on a 50% prevalence of agitation in institution-
alized individuals with AD [10], total number of individuals with AD in
institutionalized and noninstitutionalized settings [23].

IAverage annual incremental costs of institutionalization per individual
with AD is based on the average annual costs per individual with AD in
institutionalized settings [27] and the average annual costs per individual
with AD in noninstitutionalized settings [1,24-26].

$Based on Long-Term Care Providers and Services Users in the United
States: Data From the National Study of Long-Term Care Providers, there
were 1,021,068 individuals with AD in institutionalized settings (nursing
home n = 690,329; assisted living facility n = 330,739) [23].

¥The average annual costs per individual with AD in institutionalized set-
tings is based on a an average annual costs of $94,637 per individual with
AD in nursing homes and $56,646 per individual with AD in assisted living
facilities. These costs were derived from the Market Survey of Long-Term
Care Costs [27].

on the risk of institutionalization based on any level of
changes in the patient behavior. Further studies are war-
ranted to understand how the risk of institutionalization is
impacted by agitation severity.

To our knowledge, this is the first study to put forth es-
timates of the incremental risk of institutionalization and
associated costs in a US setting among patients with
symptoms of agitation associated with AD. Findings
from two separate databases show that agitation is associ-
ated with a higher risk of institutionalization among

patients with AD, which translates into a substantial eco-
nomic burden. Findings from this study highlight the need
to better address symptoms of agitation in individuals
with AD.
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heimer’s disease (AD). More severe behavioral
symptoms are important predictors of institutionali- (12]

zation. However, most studies to date lack a specific

focus on agitation symptoms and are limited to small
sample sizes. [13]

2. Interpretation: Utilizing data from two large-scale

longitudinal studies of AD, this study found that

among individuals with AD, those with agitation
[14]

were more likely to be institutionalized compared
with individuals without agitation. The annual in- [15]
cremental cost of institutionalization associated with
agitation in individuals with AD was estimated at
$4.3 billion, equivalent to $50,588 for each addi-

tional institutionalized individual with AD. (6]
3. Future directions: Approved safe and effective treat-
ments for the full spectrum of agitation symptoms in (7]

AD are needed to address the suboptimal manage-
ment of the condition. Future large-scale studies
representative of the United States population are [18]
also warranted.
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