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ABSTRACT

Alzheimer’s disease (AD) is the leading cause of
cognitive impairment and dementia in older
individuals (aged C 65 years) throughout the
world. As a result of these progressive deficits in
cognitive, emotional, and physical function,
AD dementia can cause functional disability
and loss of independence. To gain a deeper
understanding of the recent literature on the
burden of AD, including that of mild cognitive
impairment (MCI) due to AD, we conducted a
comprehensive targeted review of the PubMed-
indexed literature (2014 to 2021) to examine
the humanistic and economic burden of AD
(including MCI) in North America, Europe, and
Asia. Our literature review identified a range of
factors associated with quality of life (QoL):
some factors were positively associated with
QoL, including caregiver relationship, religios-
ity, social engagement, and ability to engage in
activities of daily living (ADL), whereas other
factors such as neuropsychiatric symptoms were

associated with poorer QoL. While patient- and
proxy-rated QoL are highly correlated in
patients with early AD dementia, proxy-rated
QoL declines more substantially as severity
worsens. The maintenance of self-reported QoL
in patients with more severe AD dementia may
be due to lack of awareness or to adaptation to
circumstances. Compared to persons with nor-
mal cognition, MCI is associated with a greater
cost burden, and individuals with MCI exhibit
worse QoL. Key drivers of the societal economic
burden of AD include disease severity, depen-
dence level, institutionalization, and comor-
bidity burden. Evaluation of the impact of a
hypothetical disease-modifying treatment
delaying the progression from MCI to AD has
suggested that such a treatment may result in
cost savings.

Keywords: Alzheimer’s disease; Economic
burden; Humanistic burden; Informal care
costs; Mild cognitive impairment

A. A. Tahami Monfared (&) � Q. Zhang
Eisai, 200 Metro Blvd, Nutley, NJ 07110, USA
e-mail: amir_tahami@eisai.com

A. A. Tahami Monfared
McGill University, Epidemiology, Biostatistics and
Occupational Health, Montreal, QC, Canada

M. J. Byrnes � Leigh. A. White
Evidera, Waltham, MA, USA

Neurol Ther (2022) 11:525–551

https://doi.org/10.1007/s40120-022-00335-x

http://orcid.org/0000-0002-2681-5510
http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-022-00335-x&amp;domain=pdf
https://doi.org/10.1007/s40120-022-00335-x


Key Summary Points

As Alzheimer’s disease (AD) is the leading
cause of age-related dementia worldwide,
and several novel therapies for this disease
are in advanced stages of development, a
synthesis of the published evidence on its
humanistic and economic burden will be
useful in understanding the potential
benefits of these treatments.

Our review of the literature demonstrated
the considerable humanistic burden of AD
dementia, highlighted common
instruments used to assess quality of life
(QoL) in this population, identified key
factors that affect QoL in patients with AD
dementia, and explored the differences
between patient- and caregiver-rated
assessments of QoL.

Our review of the literature on the
economic burden of AD identified
informal care costs as a key driver of the
economic burden of AD.

Literature on the humanistic and
economic burden of mild cognitive
impairment (MCI) due to AD suggested
that while this condition is burdensome,
therapies that could delay the progression
of MCI to AD may improve patient QoL
and lead to cost savings.

INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of
cognitive impairment and dementia in older
individuals (aged C 65 years) throughout the
world [1]. As such, AD is one of the leading
causes of morbidity and mortality globally, with
substantial economic costs and burden to
health service provision.

AD follows a prolonged, progressive disease
course that begins with pathophysiological
changes in the brains of affected individuals

years before any clinical manifestations are
observed [2]. These pathophysiological changes
include the accumulation of toxic species of
amyloid-b (Ab) and the development of neu-
rofibrillary tangles of hyperphosphorylated tau
protein [3]. Individuals harboring such changes
may be asymptomatic or may exhibit clinical
manifestations that may vary from mild cogni-
tive impairment (MCI) to the severe and debil-
itating loss of memory and cognitive function
characteristic of AD dementia [2]. In addition to
the cognitive effects of the disease, patients
with AD dementia may also experience
increased anxiety and depression in the early
stages, and neuropsychiatric symptoms such as
confusion, aggression/agitation, and delusion/
hallucination in later stages.

As a result of these progressive deficits in
cognitive, emotional, and physical function,
AD dementia can cause functional disability
and loss of independence. In the early stages,
the main symptom of AD is memory lapses, and
patients may experience increased anxiety or
depression [1–3]. As the disease progresses, there
are additional signs of neuropsychiatric symp-
toms such as periods of confusion, disorienta-
tion, mood change, aggression/agitation, and
eventually delusion/hallucination in later
stages.

As AD is a progressive debilitating disease, its
financial burden is staggering [4–7]. Patients at
advanced stages of AD dementia incur a signif-
icant cost of care, including both formal medi-
cal and non-medical care (direct costs) as well as
informal caregiving costs. Indirect costs due to
reduced productivity of patients and caregivers
are also substantial, as well as intangible costs
due to pain and suffering of patients and their
families.

To gain a deeper understanding of the recent
literature on the burden of AD, including that
of MCI and dementia, we conducted a literature
review of the epidemiological, clinical,
humanistic, and economic burden of AD, with a
focus on recent English-language literature
published in North America, Europe, and Asia.
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METHODS

A comprehensive review was conducted of the
recent literature on the humanistic and eco-
nomic burden of AD in North America, Europe,
and Asia. Our primary literature search covered
the PubMed-indexed literature published
between 2014 and January 2021 and included
search terms related to AD (including MCI) and
to humanistic and economic burden (e.g.,
‘‘quality of life,’’ ‘‘utility,’’ ‘‘utilities,’’ ‘‘hrqol,’’
‘‘qol,’’ ‘‘cost,’’ ‘‘costs,’’ ‘‘economic,’’ ‘‘expendi-
ture,’’ ‘‘productivity,’’ ‘‘resource use,’’ ‘‘resource
utilization,’’ ‘‘absenteeism,’’ ‘‘presenteeism,’’
‘‘work disability’’) as well as relevant Medical
Subject Heading (MeSH) terms for AD/MCI and
humanistic/economic burden. Supplemental
searches of indexed and non-indexed literature
were also conducted.

Articles identified in the literature search
were considered for inclusion if they reported
relevant outcomes (i.e., pertaining to the
humanistic or economic outcomes of AD) either
globally or in the United States (USA), France,
Germany, Italy, Spain, the United Kingdom
(UK), China, or Japan. The year 2014 was
selected as a cutoff date in an effort to focus our
review on studies published after the publica-
tion of the 2011 National Institute on
Aging–Alzheimer’s Association (NIA-AA) guide-
lines, which defined three phases of AD: pre-
clinical AD (early pathological changes in the
brains of cognitively normal individuals), MCI
(symptomatic predementia), and dementia
[8–10]; additionally, we did not want to look
further back than 2014 for studies of economic
data, as such data may lose value over time due
to changes in healthcare policy and practice
patterns as well as cost inflation.

Articles reporting on patients with AD were
prioritized, whereas articles reporting on related
populations (e.g., patients with dementia, AD
and related dementia [ADRD], or AD and other
dementia [ADOD]) were not prioritized unless
they reported specific information on patients
with AD. Where many articles on a specific
topic were identified, those publishing unique
information were prioritized for inclusion.
Additional priorities included more recently

published articles and, where relevant, studies
of larger patient populations and studies
reporting on longer periods of follow-up. In
total, 93 articles were selected for inclusion in
this literature review.

The focus of the section on humanistic out-
comes was on identifying AD- or dementia-
specific instruments, discrepancies between
patient- and proxy-reported measures, factors
that affect quality of life (QoL) in patients with
AD including disease stage and severity, and
assessment of activities of daily living (ADL) and
utilities in patients with AD. As the use of dis-
ease-specific instruments for assessment of ADL
and utility was less common than for assess-
ment of QoL, some reporting of general instru-
ments was included in those sections.

The focus in the section on economic burden
is on the total societal cost burden of AD (in-
cluding both direct and indirect costs) and key
cost drivers, and resource use associated with
AD. As the economic burden section included
studies that reported on costs over a wide range
of time periods (e.g., per day, per month, per
quarter, per year), all costs were expressed as
monthly costs. This article is based on previ-
ously conducted studies and does not contain
any new studies with human participants or
animals performed by any of the authors.

RESULTS

Humanistic Burden of AD

For patients with dementia, cognition, ADLs,
social interaction, and psychological factors
interact in a complex fashion to affect QoL
[11, 12]. Measuring QoL is complicated because
of the many factors that can affect QoL, as well
as the difficulty in obtaining accurate self-re-
ported information in this population.

Common Instruments Used to Assess QoL
in Patients with AD
Numerous instruments, both dementia-specific
and general, have been used to evaluate QoL in
individuals with AD. A systematic literature
review (SLR) and meta-analysis by Martyr et al.
comprising 205 studies evaluating QoL in
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patients with dementia identified 14 dementia-
specific instruments (Table 1), as well as even
more general QoL instruments, that had been
used to evaluate these patients [13]. The Quality
of Life in Alzheimer’s Disease (QoL-AD) was the
most commonly used instrument in studies in
which the rating was performed by the patient
or caregiver/healthcare professional (informant-
rated), while the Dementia Quality of Life
Questionnaire (DEMQOL) was most commonly
used in proxy-rated studies (in which a caregiver
or healthcare professional chooses the rating
the patient would theoretically make) [13]. In
contrast, a consensus conference and SLR of
pharmacological intervention trials for demen-
tia by Webster et al. identified only three scales:
the general European Quality of Life–5 Dimen-
sions (EQ-5D) scale, the DEMQOL, and the QoL-
AD [14]. This same SLR identified 11 instru-
ments that were used to evaluate ADLs, of

which seven were specific to dementia patients
(Table 1) [14].

Disease-specific instruments for measuring
QoL in patients with dementia have been rec-
ommended over general instruments [14]. For
example, it has been suggested that the EQ-5D,
while widely used for a variety of disease states,
may be less useful in patients with dementia
because it focuses on generic health status and
may not be sensitive enough to distinguish
caregiver burden for dementia patients [15, 16].
In contrast, a study evaluating the QoL-AD in
elderly medical patients (but not diagnosed
with dementia) found that QoL-AD results were
not correlated with medical comorbidities,
which might allow patients and caregivers to
focus on mental health in their assessments
[17]. As illustrative of the different results that
can be found when comparing various instru-
ments, in a Norwegian study of people in
nursing homes, the QoL-AD and EQ-5D showed

Table 1 Dementia-specific quality of life and activities of daily living instruments [13, 14]

Quality of life (QoL) instruments Activities of daily living (ADL) instruments

Activity and Affect Indicators of QOL (AAIQoL)

Alzheimer’s Disease Related Quality of Life (ADRQL)

Bath Assessment of Subjective Quality of Life in

Dementia (BASQID)

Community Dementia Quality of Life Profile

(CDQLP)

Cornell-Brown Scale for Quality of Life in Dementia

(CBSQLD)

Dementia Quality of Life Instrument (DQoL)

Dementia Quality of Life Questionnaire (DEMQOL)

Observable Displays of Affect Scale (ODAS)

Observed Emotion Rating Scale (OERS)

Pleasant Events Schedule-Alzheimer’s disease (PES-AD)

Quality of Life in Alzheimer’s Disease (QoL-AD)

QUAlity of LIfe in DEMentia (QUALIDEM)

Quality of Life in Late-Stage Dementia Scale

(QUALID)

Quality of Life Questionnaire for Dementia (QLQD)

• Alzheimer’s Disease Cooperative Study—Activities of Daily

Living (ADCS-ADL)

Alzheimer’s Disease Functional Assessment and Change Scale

(ADFACS)

Bristol Activities of Daily Living Scale (BADLS)

Dependence Scale (DS)

Disability Assessment for Dementia (DAD)

Functional Activities Questionnaire (FAQ)

Interview for Deterioration in Daily Living Activities in

Dementia (IDDD)
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that those without dementia had higher scores,
but QoL assessed by a patient- and staff-rated
visual analogue scale (VAS) showed the reverse,
results that the investigators felt were based on
the differing factors measured in each scale that
had implications for patients with dementia
[15].

Factors Associated with QoL in Patients
with Dementia
Given the many factors that can contribute to
QoL, a number of researchers have investigated
which are most important for dementia
patients. In the meta-analysis noted above by
Martyr et al., the most important factors for
better QoL were the relationship with the care-
giver, religious beliefs or spirituality, and greater
social engagement; factors such as functional
ability, self-rated health and awareness, care in a
special dementia unit or living in a community
with a spouse, and white race were next in
importance; and demographic factors were
found to have little impact on QoL [13]. The
most important factor associated with poor QoL
was neuropsychiatric symptoms, including
depression [13]. Poorer QoL also had a small
association with more severe dementia, other
medical conditions, pain and anxiety, unmet
needs, and living alone [13].

Several studies have found that depres-
sion/mood/psychiatric comorbidity is a key
factor in patients with a clinical diagnosis of AD
dementia based on the Diagnostic and Statisti-
cal Manual of Mental Disorders, 4th Edition
(DSM-IV) and/or the 1984 National Institute of
Neurological and Communicative Disorders
and Stroke (NINCDS) and the Alzheimer’s Dis-
ease and Related Disorders Association (ADRDA)
guidelines [12, 18–28]. For example, in a French
study of 123 patients with mild to moderate AD,
when measured by the QoL-AD, depression
(p\ 0.001) was significantly associated with
poorer QoL for the overall score in multivariate
analysis; this association was significant for
both self-report (p\ 0.05) and caregiver report
(p\ 0.001) [21]. Similarly, in a Spanish study of
92 patients with AD, depression had a more
important effect on QoL, measured by the QoL-
AD, than did the loss of functional abilities [20].
Several studies that developed regression

models evaluating the various factors that affect
QoL found that psychiatric comorbidity and/or
depression were key predictors of lower QoL,
particularly for caregiver-rated QoL [25–28].

Several studies have examined the associa-
tion between ADL scales and QoL in patients
with dementia [22, 26, 28]. In the population of
French patients noted above, data from the
Dementia Quality of Life (DQoL) scale were
evaluated in concert with data from two general
ADL scales using a multivariate analysis [22].
The study found that patients who were able to
move about their homes due to maintained
motor function (p = 0.02) or who could still
perform ADLs such as using the telephone
(p = 0.05), as well as those with disinhibition
(p = 0.04), had significantly higher scores on
the self-esteem domain of the DQoL, and those
who had home help (p = 0.0002) or disinhibi-
tion (p = 0.003) had better scores for the nega-
tive affect domain [22]. Illustrating the complex
nature of QoL, home delivery of meals had a
negative effect on some DQoL domains and a
positive effect on others; the authors theorized
that while home meal delivery might empha-
size the patient’s limitations, it also might be a
source of social interaction [22]. Retention of
functional abilities can also have a complex
effect: the ability to get dressed without assis-
tance was significantly associated with lower
QoL in the negative affect domain of the DQoL
(p = 0.0007) [22]. While this may reflect the
complexity of assessing QoL in people with
dementia, the study authors suggested that this
observation might be due to difficulties patients
experienced while getting dressed, or a lack of
desire to get dressed (commonly seen in
patients as AD advances) [22]. A cross-sectional
survey of patients with AD (n = 98) who lived at
home found that patient-rated QoL-AD scores
were correlated with impairment of IADL
(p = 0.02) and ADL (p = 0.012), as were care-
giver-rated QoL-AD scores (IADL, p\ 0.001;
ADL, p = 0.023) [25]. Another cross-sectional
study conducted in German patients with AD
(n = 100) observed a medium inverse correla-
tion between patient-rated QoL and ADL
(r = -0.34; p\0.01) and a strong inverse cor-
relation between proxy-rated QoL and ADL
(r = -0.51; p\ 0.01) [28]. A larger study

Neurol Ther (2022) 11:525–551 529



(n = 264 patients with AD in Brazil) reported
similar findings, observing that functionality as
assessed by the Pfeffer Functional Activities
Questionnaire was associated with both patient-
rated and proxy-rated QoL-AD scores [26].

Two studies examined the association
between engagement in activities and QoL in
patients with dementia [23, 29]. One study
investigating the effect of daily activities on
QoL was conducted in 115 patients with
dementia living in Dutch nursing homes [23].
After QoL was evaluated with the QoL-AD by
the staff, patients were divided into ‘‘high QoL’’
and ‘‘low QoL’’ groups based on the median
QoL-AD value, and then the types of activities,
engagement in activities, social interaction,
physical effort, mood, and agitation were
monitored [23]. It was found that patients in
the high QoL group spent significantly more
time in active, expressive, and social activities
and less time in passive/purposeless activities
than did patients in the low QoL group
(p\ 0.001 for both), and were also more clearly
engaged in these activities (p\0.001) [23].
Regression analysis showed that social interac-
tion and better mood were associated with
better QoL [23]. Of note, the causality of this
interaction is unclear; available data do not
clarify whether increased social participation is
a cause or an effect of higher QoL [23]. Patients
in the higher QoL group had significantly
higher cognition (p = 0.003) [23]. In a study of
1144 patients with dementia living in Dutch
nursing homes that evaluated the effect of time
spent in activities on QoL, it was found that
medium and high activity involvement was
correlated with better scores on the QUAlity of
LIfe in DEMentia (QUALIDEM) domains of
positive affect, restless tense behavior, social
relations, and having something to do (inde-
pendent of help from others), and that high
activity involvement was correlated with better
scores for the care relationship domain [29].
High activity involvement was also associated
with lower scores on positive self-image; the
investigators theorized that this could occur
because these patients were more likely to be
confronted with their limitations [29].

Patient- and Caregiver-Rated QoL
The ability of patients with dementia to
describe their QoL can be limited and/or unre-
liable, making rating by informants and proxies
important [14]. For this reason, the consensus
conference/SLR by Webster et al. recommended
use of the DEMQOL because it includes both
self-rating and proxy-rating components [14].
However, regardless of the instrument that has
been used, numerous studies have reported a
discrepancy between patient-reported and
informant/proxy-reported QoL for patients with
dementia, with patients reporting better QoL
than their informants/proxies
[12, 13, 17, 25, 28, 30–35]. Of note, intermedi-
ate to strong correlations have been shown
between patient- and proxy-rated QoL assess-
ments [12, 17, 28]. The gap between patient-
rated and proxy-rated QoL increases as disease
severity increases, which may relate to lack of
awareness of more severely affected patients
[28, 31].

One of the suggested reasons for this dis-
crepancy is lack of awareness on the part of the
patients. This lack of awareness can result in
more positive self-reports of QoL and in
stable self-reports of QoL over time, while
caregivers report a decline [11]. Indeed, a
regression analysis found that impaired patient
awareness was a predictor of lower caregiver-
rated QoL but of higher patient-rated QoL [26].
For example, in a study that followed 236 Fin-
nish patients with very mild/mild clinically
diagnosed AD for 5 years, patient-rated QoL (on
the QoL-AD) remained stable over the 5 years,
even as neuropsychiatric symptoms increased
[31]. QoL rated by their caregivers decreased
significantly over this period (p B 0.001), and
was correlated with the presence of neuropsy-
chiatric symptoms at both baseline and 5 years
[31]. The investigators noted that the increasing
lack of insight of the patients as dementia pro-
gressed was a factor in their stable self-reported
QoL [31]. Similarly, in a study of Brazilian
patients with clinically diagnosed AD, at both
baseline and 12 months, caregivers rated
patient QoL significantly lower than did the
patients [33]. Regression analysis showed that
the main factor leading to the discrepancy was
impaired awareness by the patients [33]. In
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addition, it has been suggested that lack of
awareness in patients with dementia is inde-
pendent of cognitive level, and that the key
ways patients display lack of awareness is in not
recognizing decreased QoL or decreased func-
tional abilities [36]. In a US study evaluating the
effect of being aware of their diagnosis in
patients with clinically diagnosed MCI (63%
aware) or mild AD dementia (34% aware),
patients who were unaware of their diagnosis
reported significantly better values on the QoL-
AD and DEMQOL than patients who were aware
in terms of daily life satisfaction, difficulty due
to health in daily life, well-being, cognitive
functioning, social relationships, activities, and
self-concept (p\0.001), and better QoL on the
EQ-5D (p B 0.002) even though cognitive
functioning and memory impairment did not
differ significantly between groups [37]. How-
ever, in a Dutch study of patients with young-
onset dementia (clinically diagnosed AD or
frontotemporal dementia [FTD]), worse QoL
was associated with lower disease awareness
[24].

Other potential reasons for the discrepancy
between self- and informant-reported QoL for
patients with dementia include the types of
symptoms shown by the patient (e.g., psychi-
atric/behavioral symptoms) and their degree of
dependence, as well as caregiver factors, such as
caregiver burden [30, 32, 34, 35]. For example,
regression analysis in a study of Italian patients
with clinically diagnosed AD showed that key
factors for the higher self-rated QoL values were
depression in patients and caregivers, patient
ability to perform ADLs, patient psychiatric/
behavioral symptoms, and caregiver burden
[30]. In a UK study of 488 people with mild or
moderate dementia, better self-reported QoL
was associated with higher self-rated health and
lower dementia severity, while caregivers
reported better QoL for patients who were
younger and had less depression and more ADL
independence, and when the caregiver lived
with the patient [32]. Higher levels of caregiver
stress were associated with poorer caregiver-
rated patient QoL [32]. Caregiver burden was
also reported as an important factor for lower
caregiver-reported patient QoL in a study eval-
uating 110 patients with clinically diagnosed

young-onset or late-onset AD [35]. While self-
reported and caregiver-reported QoL-AD results
did not differ according to whether the patient
had young-onset or late-onset AD dementia,
caregiver-reported QoL was significantly worse
than patient-reported QoL for both groups
(young-onset, p\0.001; late-onset, p = 0.002)
[35]. Regression analysis revealed that caregiver
burden was an important factor in caregiver
perspective for both groups [35]. A recent
regression analysis based on 98 patients with
clinically diagnosed AD dementia found that
Neuropsychiatric Inventory (NPI), NPI-distress,
and Mini-Mental State Examination (MMSE)
scores were associated with proxy-rated QoL,
whereas ADL, IADL, and caregiver education
were associated with both patient- and proxy-
rated QoL [25].

A more complex picture was described in a
study of dementia patients living in the com-
munity versus those living in nursing homes
[34]. The patients consistently scored their QoL
on the QoL-AD higher than did their caregivers,
regardless of their living situation [34]. How-
ever, caregivers reported higher QoL for patients
living in the community, while patients living
in the community self-reported lower QoL than
patients living in nursing homes, leading to less
discrepancy between self-report and proxy
report of QoL for community-dwelling patients
[34]. The investigators noted that patients in
nursing homes were more dependent and had
more behavioral issues, leading to worse care-
giver QoL rating, while patients living in the
community may have had less opportunities for
specialized activities, leading to lower QoL self-
rating [34].

Impact of AD Severity and Progression on QoL
MCI is associated with lower QoL, increased
psychiatric burden (e.g., depression), and
reduced social activity [38]. An analysis of
individuals with clinically diagnosed MCI
(n = 204) in China found that depressive
symptoms (p\0.001), poor sleep quality
(p = 0.004), and old age (p = 0.024) were pre-
dictors of lower QoL (as assessed by the QoL-
AD) [39]. A larger study that included individ-
uals with normal cognition (n = 99), MCI
(n = 92), and probable AD (n = 68) found that
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those with MCI had lower QoL (as assessed by
the DEM-QOL), greater depression and subjec-
tive stress, and more difficulty with IADLs (all
p\0.05) [40]. Adverse impact on QoL was also
seen in individuals with subjective cognitive
impairment even without a diagnosis of MCI
[41]. In an aging population (n = 1387) of
whom 50.6% had subjective cognitive decline
(SCD; i.e., performed normally on cognitive
tests despite reporting some subjective decline),
individuals with SCD had significantly reduced
QoL as assessed with a general instrument (the
EQ-VAS; p\ 0.001) [41]. A recent cross-sec-
tional analysis highlighted that sleep quality (as
assessed by the Pittsburgh Sleep Quality Index)
was worse in patients with MCI (n = 67) and AD
dementia (n = 17) diagnosed according to 2011
NIA-AA guidelines compared with individuals
with normal cognition (n = 46) or SCD (n = 91,
including n = 53 with no memory concerns and
n = 38 with memory concerns) [42]. The differ-
ence in sleep quality was significant across the
five groups (p\0.001) [42]. Among patients
with MCI, poor sleep quality was a predictor of
cognitive impairment (odds ratio [OR] 11.0,
95% confidence interval [CI] 4.5 to 26.98) [42].
Among all patient categories, including those
with MCI, poor sleep quality was associated
with worse 36-Item Short Form Health Survey
(SF-36) QoL [42].

A number of studies have reported that self-
reported QoL does not decline as clinically
diagnosed AD dementia progresses and that
patients with mild, moderate, or severe
dementia show little difference in self-reported
QoL, although informant-reported QoL shows
differences [12, 13, 28, 43–45]. Lack of aware-
ness may be an explanation for the positive self-
reports in patients with severe AD and the
unchanged self-reported QoL in patients whose
AD has progressed [43]. It has also been sug-
gested that as AD progresses, patients may adapt
to their limitations and adjust their expecta-
tions [43].

In the meta-analysis by Martyr et al., more
severe dementia had a small association with
poorer QoL, but when the analysis included
only long-term studies (n = 20), the association
of worse QoL with more advanced dementia
was not significant [13]. In a study of 525

Spanish patients with clinically diagnosed AD
in residential care homes, there was no signifi-
cant difference in self-rated QoL between
patients with mild/moderate or severe demen-
tia, while proxies rated QoL significantly lower
in patients with severe dementia (p\ 0.001)
[12]. Similarly, in results from the Spanish
component of the GERAS II study, an observa-
tional study of patients with clinically diag-
nosed AD dementia residing in the community,
QoL decreased significantly with increasing
severity of AD according to proxy EQ-5D results
[44].

A few studies do show self-rated QoL differ-
ing by dementia severity. For example, baseline
findings from the GERAS-US study showed that
patients with clinically diagnosed mild AD had
worse self-reported QoL on the Bath Assessment
of Subjective Quality of Life in Dementia (BAS-
QID, comprising total score, life satisfaction,
feelings of positive QoL; all p\ 0.001) com-
pared to patients with MCI [46]. An analysis of
patient- and proxy-rated QoL in patient–care-
giver dyads (n = 100) found that both measures
declined with increasing dementia severity, but
the decline was more pronounced in proxy-
rated QoL than in patient-rated QoL [28].

As AD progresses, patients become more
dependent on caregivers, and some studies have
evaluated how increasing dependence could
affect QoL. For example, in the French compo-
nent of the GERAS [Geriatric Education and
Research in Aging Sciences] study, over
18 months, increasing dependence was signifi-
cantly associated (p\0.05) with worse QoL as
measured by proxy using the EQ-5D [47].
However, different results were found in the UK
DADE (Dependence in Alzheimer’s Disease)
study, in which 145 people with clinically
diagnosed mild, moderate, or severe AD
dementia were evaluated at baseline and
18 months [43]. Over 18 months, there was a
significant increase in the dependence of the
patients, as well as significant reductions in
cognition and the ability to perform ADLs (all
p\0.001) [43]. For the subgroup (n = 70) who
were able to self-report at 18 months, mean QoL
was not significantly different from baseline,
although there was a wide variation in results,
with 40% reporting a decline on the DEMQOL
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and 57% reporting improvement; the proxy
evaluations showed similar percentages of
decline and improvement [43]. Changes in
dependence were not associated with QoL [43].
In addition, patient-reported QoL was not cor-
related with disease severity, as measured by
changes in cognition, neuropsychiatric symp-
toms, or ADL capabilities, although there was a
weak correlation between proxy-rated QoL and
neuropsychiatric symptoms (r = -0.29,
p\0.01) [43]. However, since the subgroup
only included those patients who were capable
of self-reporting at 18 months, patients who
experienced significant deterioration were not
included, which could have biased the results
[43].

ADL Using Disease- or Dementia-Specific
Instruments
As noted previously, the ability to perform ADLs
is an important component of QoL [11, 12].
Declining ADL skills can have a negative effect
on QoL, as shown in the study of French
patients with clinically diagnosed mild to
moderate AD dementia, in which patients who
could still perform ADLs such as using the
telephone (p = 0.05) had significantly higher
scores on the self-esteem domain of the DQoL
than patients who could not [22]. As with the
measurement of overall QoL, it has been rec-
ommended that measurement of ADLs be per-
formed with instruments that have dementia-
specific measures, such as the Disability Assess-
ment for Dementia (DAD) or Alzheimer’s Dis-
ease Cooperative Study-Activities of Daily
Living (ADCS)-ADL [14, 48]. A recent analysis of
ADL in patients with clinically diagnosed AD
dementia (n = 185) found that cognition (as
assessed by the MMSE and the Symbol Digit
Modalities Test [SMDT]) was not associated with
basic ADL (e.g., self-feeding, personal hygiene,
getting dressed) but was associated with total
ADL, which also included activities such as
telephone use, reading, managing finances, and
dong chores) [48].

Factors unrelated to dementia can affect
ability for ADLs. For example, some ADLs may
never have been performed prior to dementia
onset (e.g., cooking), and comorbid non-de-
mentia-related medical issues may decrease ADL

ability [14]. A study of patients with mild AD
and with (n = 113) or without diabetes (n = 859)
showed that after 18 months, while there was
no difference between the groups in terms of
changes in cognition or QoL (on the QoL-AD or
EQ-5D), patients with AD and comorbid dia-
betes had significantly less deterioration in
ADLs [49, 50].

A broader concept relating to ADLs is that
the inclusion of activities such as social inter-
action and hobbies can have an important
impact on QoL [51]. A UK study of patients with
mild AD and their caregivers evaluated impair-
ment in IADLs, QoL, and cognition from this
viewpoint [51]. The study also attempted to
differentiate between the key but separate abil-
ities of initiating an action versus performing
the action [51]. The results showed that patients
had greater deficits in performance of IADLs
compared to initiating IADLs, with the excep-
tion of engaging in hobbies and maintaining an
active social life [51]. However, the deficits in
these latter two IADLs were correlated with
worse QoL and were also a reason for caregiver
stress [51].

Some studies have evaluated methods of
predicting deficits in ADLs. For example, a study
in Canadian patients with dementia evaluated
the effects of cognitive fluctuations (sudden and
variable decreases in their already reduced cog-
nition and attention) on ADLs and QoL [52].
The results showed that cognitive fluctuations
were significantly associated with decreases in
ADLs on the Alzheimer’s Disease Func-
tionalAssessment Scale-Activities of Daily Liv-
ing (ADFACS-ADL) and in QoL as measured by
the Quality of Life in Late-Stage Dementia Scale
(QUALID) [52]. While no correlation was seen
with IADLs, the investigators noted that
because of the severity of dementia, IADLs were
already severely limited in these patients [52].
A US study of patients with clinically diagnosed
AD dementia evaluated the predictive value of
patient versus caregiver reports of depressive
symptoms for deficits in IADLs [53]. Results
showed that self-report of depressive symptoms
was more accurate than caregiver report of
depressive symptoms in predicting deficits in
IADLs over and above IADL deficits due to
declines in cognitive function [53].
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ADL impairment has also been suggested as a
tool for predicting risk for development of AD.
People who develop MCI or AD may first notice
a decline in their cognitive abilities (SCD),
although their cognitive performance testing
results remain normal [54]. Data from the Ger-
man Study on Ageing, Cognition, and Demen-
tia in Primary Care Patients (AgeCoDe) were
analyzed to determine whether a decline in
IADLs in conjunction with SCD could help
identify patients who would progress to AD
[54]. Over a 10.5-year follow-up period, 10.7%
of participants (157/1467) developed AD [54].
Risk for AD was highest in those with both SCD
and impaired IADLs (hazard ratio [HR] 6.1, 95%
CI: 2.9, 13.0); after adjustment for demograph-
ics, lifestyle, and health, the HR was 2.5 (95%
CI: 1.1, 5.7) [54]. In this study, both MCI and
AD dementia were diagnosed based on clinical
criteria [54].

Utilities in AD
An SLR found that the most common instru-
ments used to assess utilities in patients with
AD were the general tools EQ-5D, Health Utili-
ties Index Mark 2 (HUI2) and Mark 3 (HUI3),
Quality of Well-Being (QWB), Assessment of
Quality of Life (AQoL), and 15D, and the
dementia-specific tool DEMQOL-U [55]. How-
ever, there is little consensus among investiga-
tors as to whether a general or specific
instrument is best for patients with dementia.

The SLR found the general EQ-5D to be the
most appropriate instrument for patients with
dementia due to its high scores in terms of
feasibility (willingness/ability to complete
assessment), reliability, and responsiveness, and
its moderate to strong validity [55]. The HUI2
and HUI3 also scored strongly in terms of fea-
sibility and reliability, but because they have no
ceiling or floor effects, the QWB and the AQoL
had the highest precision [55]. The QWB scored
highly in terms of validity because it includes
the most items of interest to patients with
dementia and their caregivers [55]. The DEM-
QOL-U, despite being a dementia-specific scale,
scored poorly in every category [55].

A study that compared the use of the
dementia-specific QoL-AD and the general
instrument HUI3 found that HUI3 results had a

stronger correlation with other outcome mea-
sures, including functional abilities, cognition,
dependence, and behavior, than the QoL-AD
[56]. Other researchers have noted that while it
is a general instrument, the HUI3 includes
domains such as speech and cognition that are
important for patients with dementia [57].

In contrast, other studies have questioned
the use of general instruments in patients with
dementia. A recent analysis of patients with
dementia and their caregivers (n = 560 dyads) in
which EQ-5D utilities were compared with QoL-
AD scores highlighted some limitations of the
EQ-5D-3L in this population [58]. Most notably,
both EQ-5D-3L utilities and EQ-5D VAS were
strongly correlated with patient-rated QoL-AD
scores (r = 0.644 and r = 0.553, respectively),
but were only weakly correlated with proxy-
rated QoL-AD scores (r = 0.314 and r = 0.170,
respectively), suggesting that the EQ-5D has the
same limitations as other patient-reported
measures of QoL [58]. The EQ-5D-3L also had a
notable ceiling effect (18% of patients had the
highest score on the EQ-5D-3L compared
with\ 1% of patient QoL-AD scores). However,
some properties of the EQ-5D were accept-
able (e.g., acceptability, discriminative ability—
i.e., ability to differentiate among health
states—and convergent validity) [58]. A similar
study demonstrated that depression adversely
impacted QoL in patients with clinically diag-
nosed MCI [59].

Economic Burden of AD

The considerable total societal economic bur-
den of AD includes direct costs (including both
medical and non-medical costs) and indirect
costs (largely informal care costs, but also lost
productivity costs and intangible costs)
[7, 60, 61]. While the precise definitions of dif-
ferent cost categories varied across studies, it
was generally the case that direct medical costs
included costs for physician and other outpa-
tient services, emergency department (ED) vis-
its, hospitalizations, and/or pharmacy costs. By
contrast, direct non-medical costs (often
described as social care costs) included com-
munity care service costs, costs for
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consumables, costs for home modifications, and
costs for institutionalization. Finally, indirect
costs included lost productivity costs for
patients and caregivers as well as informal care
costs (i.e., the value of unpaid care provided by
family members). The total societal burden of
AD dementia was estimated at more than $307
billion in the USA in 2010, 91.4 billion ren-
minbi (RMB) in China in 2010, €232 billion in
Europe (European Union [EU] 28) in 2015, and
$958 billion worldwide [4–7]. By 2050, these
costs are projected to increase by approximately
4.9-fold in the USA (to $1.5 trillion), 3.6-fold in
China (to 332.5 billion RMB), 2.7-fold in Europe
(to €633 billion), and 9.5-fold worldwide (to
$9.1 trillion) [4–7]. These estimated cost
increases are driven by increases in the preva-
lence of AD dementia as a result of population
aging as well as increased per-patient costs
[4–7]. Notably, the two models that provided
cost breakdowns differed considerably in
included cost inputs: the US model estimated
that 41% of the 2010 total societal burden was
due to informal care costs, whereas the Chinese
model estimated that paid home caregivers
accounted for 70% of the total cost burden and

did not incorporate the contribution of unpaid,
informal care by family members [5, 7]. These
findings are broadly consistent with a world-
wide study evaluating the burden of dementia
(i.e., not exclusively due to AD), which esti-
mated a worldwide burden of $604 billion in
2010 and $818 billion in 2015, with informal
care costs accounting for 36% of total costs in
2010 and 40% in 2015 [62]. In this model,
approximately 90% of total costs were incurred
in high-income countries. The following sec-
tions report on per-patient costs associated with
AD, including key cost drivers such as dementia
severity, and on resource use by patients with
AD. Total societal costs are considered as well as
the underlying component costs.

Total Societal Cost of AD Dementia and Key
Cost Drivers
Total societal costs per patient per month
(PPPM) incurred by patients with clinically
diagnosed AD dementia from six countries are
reported in Table 2. Monthly costs reported in
US dollars varied from $1595 (China) to $5941
(USA); those reported in euros varied from
€1852 (France) to €5363 (one of two estimates

Table 2 Total societal cost (PPPM) incurred by patients with AD dementia

Author, year (study name) Setting Total societal cost (PPPM)

Zissimopoulos, 2014* USA $5941�

Henderson, 2019 (IDEAL) UK £1166��

Reed, 2017 (GERAS) UK £1806� (€2106)�

France €1852�

Germany €2122�

Maresova, 2018 (meta-analysis) France, Spain €3895

Olazaran, 2017 (GERAS II) Spain €2190

Darba, 2015 Spain €5363**

Nakanishi, 2020 (GERAS-J) Japan JPY 224,584 ($2101)

Jia, 2018 China $1595�

AD Alzheimer disease, GERAS Geriatric Education and Research in Aging Sciences, PPPM per patient per month, UK
United Kingdom, USA United States
*Model-based estimate of per-patient costs for patients aged C70 years with AD dementia
Costs reported over longer time frames (18 months�, 12 months�, 6 months**, or 3 months��) were adjusted as appropriate
to generate monthly costs
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from Spain) [6, 7, 44, 63–66]. Two UK studies
reported different monthly total cost estimates
(£1160 and £1806), as did two studies con-
ducted in Spain (€2190 and €5363)
[44, 64, 66, 67]. The substantial gap between the
two studies conducted in Spain may be due to
differences in dementia severity between pop-
ulations, although the studies used different

metrics for assessing severity, preventing direct
comparisons [44, 64]. Olazaran et al., who
assessed dementia severity by MMSE score,
reported that 38.4% of patients had moderate-
to-severe AD dementia, whereas Darba et al.
assessed severity by Clinical Dementia Rating
(CDR) score and reported that 30.4% of patients
had severe AD [44, 64]. Of note, the analysis by

Table 3 Total societal cost (PPPM) incurred by patients with AD, stratified by dementia severity

Author, year (study name) Setting Total societal cost (per month)

Mild Moderate Moderate-to-severe p value

Robinson, 2020 (GERAS-

US)

USA $4243* – – –

$2653� – – –

Reed, 2017 (GERAS) France €1327� €1878� €2328� NR

Germany €1445� €2357� €2830� NR

UK €1676� €2002� €2822� NR

Lenox-Smith, 2016 (GERAS) UK £1437� £1717� £2420� \ 0.001

Maresova, 2018 (meta-

analysis)

France,

Spain

€2668 – €5270 NR

Rapp, 2018 (GERAS) France €1341� €1905� €2454� \ 0.001

Bruno, 2018 (GERAS II) Italy €1850 €1552 €2728 \ 0.001

Chiatti, 2015 Italy – €1677** – NA

Olazaran, 2017 (GERAS II) Spain €1514 €2082 €2818 \ 0.001

Darba, 2015*** Spain €2623�� €5765�� €8746��,�� \ 0.001

Nakanishi, 2020 (GERAS-J) Japan JPY 158,454

($1483)

JPY 211,302

($1977)

JPY 294,224

($2753)

NR���

Jia, 2018; Yan, 2019 China $1133** $1399** $2167**,�� \ 0.001

AD Alzheimer disease, CDR Clinical Dementia Rating, GERAS Geriatric Education and Research in Aging Sciences,
MMSEMini-Mental State Exam, NA not applicable, NR not reported, PPPM per patient per month, UK United Kingdom
*Caregiver costs calculated using opportunity cost method, in which hours of lost productivity are multiplied by average
annual gross hourly wage for workers and lost leisure time (valued at 35% of hourly worker wage) for non-workers
�Caregiver costs calculated using replacement cost method, in which hours of lost productivity are multiplied by professional
caregiver/aide hourly wage
Costs reported over longer time frames (18 months�, 12 months**, or 6 months��) were adjusted as appropriate to generate
monthly costs
��Costs for patients with severe AD dementia, rather than moderate-to-severe AD dementia
***Severity was indicated by CDR score of 1 (mild), 2 (moderate), or 3 (severe), rather than by MMSE score as with other
studies in this table
���While no p value was provided, these results were described as significant and had 95% confidence intervals that did not
overlap, indicating significance
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Zissimopoulos et al. estimated that total societal
costs were considerably higher among patients
with AD than among those who did not have
AD ($5941 vs. $1531) [7].

Potential drivers of total societal costs in
patients with AD dementia include dementia
severity, patient dependence level, cognitive
and/or functional decline, institutionalization,
and comorbidity burden.

Studies conducted in the USA, EU5 countries
(France, Germany, Italy, Spain, and the UK),
Japan, and China found that costs rise with
increasing severity of AD dementia (Table 3).
These studies included national cohorts from
the GERAS (France, Germany, and UK), GERAS
II (Spain and Italy), GERAS-J (Japan), and
GERAS-US prospective studies as well as two
cross-sectional studies (Spain, China), an anal-
ysis of baseline data from a randomized con-
trolled trial (RCT) set in Italy, and a meta-
analysis of three studies conducted in France
and Spain [63–66, 68–72]. In all studies report-
ing on dementia severity strata, patients with
moderate-to-severe or severe dementia incurred
higher total societal costs than those with mild
or moderate dementia, and the difference
between severity groups was statistically signif-
icant in all studies where significance was
reported [64–66, 68, 70, 71]. Of note, one study,
conducted in Italy, found that among patients
with AD, those with moderate dementia incur-
red lower total societal costs than those with
mild dementia [68].

Dependence level and cognitive or func-
tional decline are associated with total societal
costs in patients with AD dementia. Studies
conducted in the USA, UK, and Spain found
that as the level of functional dependence
increased, total societal costs also rose [73–75].
The three studies used different methods of
assessing dependence level, with the UK study
mapping dependence levels of 0 to 5 based on
ADCS-ADL questionnaire responses (the cost
difference from dependence level 1 to depen-
dence level 5 was €2844 PPPM, p\ 0.001) and
the other studies using Dependence Scale (DS)
scores to stratify patients into four dependence
levels (the Spanish study; cost difference from
the lowest to highest dependence level was
€7133 PPPM, p\0.001) or six dependence

levels (the US study; cost difference from the
lowest to highest dependence level was $5401
PPPM) [73–75]. An analysis of patients from the
GERAS study in France, Germany, and the UK
found that those with cognitive decline (C 3-
point decline from baseline MMSE score) or
functional decline (decline in performance of
C 20% of ADCS-ADL items) exhibited signifi-
cantly increased total societal costs compared to
patients who did not experience such declines
(for cognitive decline, €1653 vs. €1210,
p = 0.045; for functional decline, €1660 vs.
€945, p\ 0.001) [76]. An evaluation of cogni-
tive decline in patients with mild AD (n = 200)
from the UK cohort of the GERAS study found
that a 3.6-point reduction in MMSE score over
the 18-month study period was associated with
an increase in total societal costs of approxi-
mately £124 per month [77]. In the French arm
of the GERAS study, a 1-point reduction in
MMSE score (indicative of worsening cognitive
function) was associated with higher total
societal costs (2.2% increase; p\0.01) [70].

Institutionalization and comorbidity burden
have also been associated with total societal
costs in patients with AD dementia. A model
evaluating the relationship between time to
institutionalization and total societal costs
estimated that total societal costs rose from
£1900 at 5 years before institutionalization to
£3160 at institutionalization [78]. A study con-
ducted in China reported that total societal
costs rose as the number of comorbidities rose;
PPPM costs rose from $1145 for patients with no
comorbidities to $3196 for those with C 5
(p\ 0.001) [71]. The association between costs
and comorbidity number was also observed in
patients stratified by AD severity (p\0.001 for
difference across mild, moderate, and severe
dementia strata) [71].

Total Direct Cost of AD Dementia and Key
Cost Drivers
Direct costs PPPM incurred by patients with
clinically diagnosed AD dementia from seven
countries are reported in Table 4. Monthly total
costs reported in US dollars varied from $1479
(China) to $3506 (USA), those reported in euros
varied from €312 to €878 (both estimates from
Spain), those reported in British pounds varied
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from £284 to £1339 (both estimates from UK),
and a study from Japan reported a total cost of
JPY (Japanese yen) 95,923 [6, 7, 44, 64, 65,
67, 79–84]. Studies from six countries reported
on direct medical costs, which varied from $531
(China) to $1473 (USA), €171 (Spain) to €313
(France and Spain), £365 (UK), and JPY 26,744
(Japan) [6, 44, 63–65, 81, 85]. Finally, direct
non-medical costs (i.e., social care costs such as
home health assistance, community care, skil-
led nursing facility care, consumables), reported
in five countries, were €141 to €589 (Spain),
€1398 (meta-analysis of France and Spain), £975
(UK), $258 (China), and JPY 69,179 to JPY
81,970 (Japan) [6, 44, 63–65, 81, 86]. Among

studies reporting on direct medical and non-
medical costs, three studies and a meta-analysis
reported that non-medical costs were higher
(£975 vs. £365 in a UK study, €589 vs. €289 in a
Spanish study, JPY 69,179 vs. JPY 26,744 in a
Japanese study, and €1398 vs. €313 in a meta-
analysis), whereas two studies reported that
direct medical costs were higher than non-
medical costs (€171 vs. €141 in another Spanish
study and $1055 vs. $424 in a Chinese study).
The cause of these differences is unclear, but it
may have to do with differences in cost classi-
fication or differences between study popula-
tions. Notable differences were also seen
between a database study conducted in the USA,

Table 4 Total direct cost (PPPM) incurred by patients with AD dementia

Author, year (study name) Setting Direct costs (per month)

Total Medical Non-medical (i.e., social care)

Chen, 2019 USA $1161* – –

Zissimopoulos, 2014 USA $3506* – –

Bayen, 2020 USA $1601* – –

Pyenson, 2019 USA $1601* – –

Desai, 2019�� USA – $1473*,**,�� –

Bruggenjurgen, 2015 Germany €855* – –

Henderson, 2019 (IDEAL) UK £284� – –

Jones, 2015 UK £1339� £365� £975�

Maresova, 2018 (meta-analysis) France, Spain – €313 €1398

Olazaran, 2017 (GERAS II) Spain €878�� €289 €589

Darba, 2020 Spain €449* – –

Darba, 2015 Spain €312�,e €171� €141�

Nakanishi, 2020 (GERAS-J) Japan JPY 95,923�� JPY 26,744 JPY 69,179

Takechi, 2019 Japan – – JPY 81,970

Jia, 2018; Yan, 2019 China $789*,�� $531* $258*

AD Alzheimer disease, ED emergency department, GERAS Geriatric Education and Research in Aging Sciences, PPPM per
patient per month, UK United Kingdom, USA United States
Costs reported over longer time frames (12 months*, 6 months�, or 3 months�) were adjusted as appropriate to generate
monthly costs
**Includes hospitalization and ED costs but not outpatient and drug costs
��Based on addition of medical and non-medical costs
��Reports costs incurred during the year prior to diagnosis of AD dementia
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Table 5 Total direct cost (PPPM) incurred by patients with AD, stratified by dementia severity

Author, year (study name) Setting Total direct costs (per month)

Mild Moderate Moderate-to-severe p value

Total direct costs

Ton, 2017��,*** USA $2694* $1672* $4722*,�� \ 0.001

Rapp, 2018 (GERAS) France €644� €903� €1193� NR

Lenox-Smith, 2016 (GERAS) UK £559� £805� £1032� NR

Chiatti, 2015 Italy – €545� – NR

Olazaran, 2017 (GERAS II) Spain €464 €844 €1238 NR

Darba, 2015�� Spain €183** €333** €427** NR

Nakanishi, 2020 (GERAS-J) Japan JPY 70,347 JPY 94,812 JPY 118,380 NR

Direct medical costs

Rapp, 2018 (GERAS) France €285� €395� €451� NR

Lenox-Smith, 2016 (GERAS) UK £161� £174� £170� 0.624

Maresova, 2018 (meta-analysis) France, Spain €280 – €278 NR

Olazaran, 2017 (GERAS II) Spain €272 €236 €346 0.320

Darba, 2015�� Spain €151** €151** €225** 0.02

Nakanishi, 202 0 (GERAS-J) Japan JPY 27,441 JPY 26,309 JPY 26,649 NR

Direct non-medical costs

Rapp, 2018 (GERAS) France €359� €508� €742� NR

Lenox-Smith, 2016 (GERAS) UK £398� £631� £862� \ 0.001

Maresova, 2018 (meta-analysis) France, Spain €619 – €1705 NR

Olazaran, 2017 (GERAS II) Spain €192 €608 €892 \ 0.001

Darba, 2015�� Spain €32** €183** €202** \ 0.001

Nakanishi, 2020 (GERAS-J) Japan JPY 42,906 JPY 68,503 JPY 91,731 NR

AD Alzheimer disease, CDR Clinical Dementia Rating, GERAS Geriatric Education and Research in Aging Sciences,
MMSE Mini-Mental State Exam, NR not reported, NS not significant, PPPM per patient per month, UK United
Kingdom, USA United States
Costs reported over longer time frames (24 months*, 18 months�, 12 months�, or 6 months**) were adjusted as appropriate
to generate monthly costs
��Costs for patients with severe AD dementia, rather than moderate-to-severe AD dementia
��Severity of dementia was indicated by CDR score, rather than by MMSE score as with other studies in this table
***Costs reported here are excess costs beyond those incurred by a control group
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which reported a total cost direct burden of
$1161 PPPM, and a US model, which estimated
a considerably higher burden of $3506 PPPM.
Among the five studies that reported on cost
comparisons between patients with AD
dementia and controls, all reported that direct
costs were higher among patients with demen-
tia. According to a recent retrospective database
analysis conducted in the USA, which followed
patients newly diagnosed with AD dementia
(n = 16,454) and matched controls, direct
medical costs were comparable between groups
for most of the 3 years prior to diagnosis, but
rose considerably in the AD dementia group
during the 6 months prior to diagnosis (AD
dementia group: $1742 PPPM vs. control group:
$806 PPPM; p\ 0.0001) [87].

Potential drivers of direct costs in patients
with AD include dementia severity, patient
dependence level/care need, cognitive and/or
functional decline, institutionalization, comor-
bidity burden, treatment status, age, and
agitation.

Studies conducted in the EU5 countries
(France, Germany, Spain, and the UK), Japan,
China, and the USA found that total direct costs
rose with increasing AD severity (Table 5). These
studies included national cohorts from the
GERAS (France, Germany, and UK), GERAS II
(Spain and Italy), and GERAS-J (Japan)
prospective studies as well as two cross-sectional
studies (USA, Spain) and a meta-analysis
[44, 63–65, 70, 88, 89]. Patients with moderate-
to-severe or severe AD dementia tended to incur
higher total direct, medical, and non-medical
costs than those whose dementia was mild or
moderate, although tests of statistical signifi-
cance were often not conducted. Dementia
severity was associated with direct non-medical
costs in each of the three studies that assessed
this (all p\ 0.001) but was associated with
direct medical costs in only one of the three
studies (p = 0.02) [44, 64, 88]. A systematic
review identified seven studies that reported on
total direct costs stratified by AD severity in
Europe or the USA; of these, all but one study
reported higher costs in patients with more
severe AD dementia [90].

Dependence level and cognitive decline have
been associated with direct costs

[70, 73–75, 81, 86]. Studies conducted in France,
Spain, Japan, the UK, and the USA found that as
the level of functional dependence increased,
direct costs also rose [70, 73–75, 81, 86]. In the
US study, which used the DS to stratify the
patient population into six dependence levels
from very mild to very severe, total direct, direct
medical, and direct non-medical (i.e., social
care) costs rose with increasing dependence,
with the steepest rise seen in the non-medical
costs related to long-term care [75]. A UK study,
which focused on direct medical costs, found
that those costs increased significantly
(p\ 0.001) over five levels of dependence; the
magnitude of the increase (from €295 to €616
PPPM) was lower than that seen in the US study
($377 to $1120 PPPM) [74, 75]. Another UK
study also found that non-medical costs
accounted for most of the direct cost increase in
patients at higher dependence levels (increase
from highest to lowest dependence, PPPM £136
in direct medical costs vs. £2166 in non-medical
costs) [81]. By contrast, the study conducted in
Spain found that dependence was associated
with significant increases in both medical (from
€625 to €1722, p\0.001) and social care (from
€138 to €1432, p\ 0.001) costs [73]. An analysis
of the French cohort of the GERAS study found
that cognitive decline (1-point decrease in
MMSE score) during the 18-month study was
associated with a 2.5% increase in patient costs
(p\ 0.001) [70]. A study conducted in Japan
found that when patients were stratified by care
need, monthly social care costs rose with
increasing need, from JPY 11,529 to JPY 233,584
(p\ 0.001) [86].

Institutionalization and the cost impact of
treatment have also been associated with direct
costs [78, 91, 92]. A model evaluating the rela-
tionship between time to institutionalization
and total societal costs estimated that total
monthly direct costs rose from £770 at 5 years
before institutionalization to £1529 at institu-
tionalization, with healthcare costs accounting
for relatively little of the increase (£283 to £348)
[78]. Two retrospective database analyses con-
ducted in the USA found that direct costs were
higher among patients with clinically diag-
nosed AD dementia aged 65 to 100 years who
received a Food and Drug Administration
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(FDA)-approved treatment compared with those
who did not [91, 92]. One study found that total
direct costs were significantly higher among
untreated patients (PPPM costs $2509 vs. $2152,
p = 0.0162) [91, 92]. The other analysis, which
also stratified patients by age and timing of
treatment initiation, found that patients aged
65 to 100 years who were not treated incurred
higher costs than those who were treated
(PPPM costs: untreated: $2744, treated: $2029
to $2706 depending on timing of treatment
initiation) [92]. Similar findings were seen
among patients with AD dementia aged 50 to
64 years (PPPM costs: untreated: $3807, trea-
ted: $1754 to $2303 depending on timing of
treatment initiation), although the difference
between treated and untreated patients was
more pronounced [92].

An analysis of data from a prospective study
conducted in the UK found that agitation was a
key driver of direct costs (including medical and
social costs) in patients with AD dementia
(n = 695) [93]. Patients with no agitation
incurred a monthly cost of £2415, whereas
those with agitation incurred significantly
greater monthly costs of £2600 to £4572 (costs
adjusted for demographic and medical charac-
teristics) (p = 0.01) [93].

Total Indirect Cost of AD Dementia and Key
Cost Drivers
Total PPPM informal care costs (i.e., costs asso-
ciated with unpaid caregiving, typically by
family members) incurred by patients with AD
dementia from five countries are reported in
Table 6. Other indirect costs (i.e., patient or
caregiver lost productivity costs and intangible
costs due to mental suffering and unexpected
injuries) were not well reported. Monthly costs
reported in US dollars varied from $786 (China)
to $2436 (USA), and those reported in euros
varied from €1312 to €5539 (two estimates from
Spain and one from a meta-analysis of studies
conducted in France and Spain) [6, 7, 44,
63, 64]. One UK study reported a monthly cost
of £864 and a study in Japan reported a
monthly cost of JPY 128,661 [65, 67]. Only two
studies reported on other types of indirect costs,
a Chinese study which found that patients
incurred $47 per month in intangible costs and
a Spanish study that found an indirect cost of
€77 per month due to lost caregiver productiv-
ity [6, 64]. The US analysis was based on a model
in patients with AD dementia who
were C 70 years of age; this analysis estimated
that monthly costs in patients who did not have
AD were considerably lower than in those with
AD dementia ($247 vs. $2436) [7].

Table 6 Total informal care and other indirect cost (PPPM) incurred by patients with AD dementia

Author, year (study name) Setting Informal care costs Other indirect costs

Zissimopoulos, 2014** USA $2436* NR

Henderson, 2019 (IDEAL) UK £864� NR

Maresova, 2018 (meta-analysis) France, Spain €1556 NR

Olazaran, 2017 (GERAS II) Spain €1312 NR

Darba, 2015 Spain €5539� €77�

Nakanishi, 2020 (GERAS-J) Japan JPY 128,661 NR

Jia, 2018 China $760* $47*,��

AD Alzheimer disease, GERAS Geriatric Education and Research in Aging Sciences, NR not reported, PPPM per patient
per month, UK United Kingdom, USA United States
Costs reported over longer time frames (12 months*, 6 months� or, or 3 months�) were adjusted as appropriate to generate
monthly costs
**Model-based estimate of per-patient costs for patients aged C70 years with AD dementia
��Cost of mental suffering of caregivers and unexpected injuries
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Potential drivers of informal care costs in
patients with AD dementia include dementia
severity, patient dependence level, and comor-
bidity burden.

Studies conducted in EU countries (France,
Italy, Spain, and the UK) and Japan found that
informal care costs rose with increasing
dementia severity (Table 7). These studies
included national cohorts from the GERAS
(France, and UK), GERAS II (Spain and Italy),
and GERAS-J (Japan) prospective studies as well
as a cross-sectional study (Spain), an analysis of
baseline data from an RCT (Italy), and a meta-
analysis [44, 63–65, 68–70, 88]. In all studies,
patients with moderate-to-severe or severe AD
dementia incurred higher informal care costs
than those with less severe dementia, and the
difference between groups was significant in the
five studies that assessed significance. Of note,
one study, conducted in Italy, found that
patients with moderate AD dementia incurred
lower informal care costs than those with mild
AD dementia [68]. A systematic review identi-
fied six studies that reported on total indirect
costs (related to caregiving and lost

productivity) stratified by AD dementia severity
in Europe or the USA, each of which reported
higher costs in patients with more severe
dementia [90].

Dependence level and behavioral symptoms
have also been associated with informal care
costs in patients with AD dementia. Studies
conducted in the USA and Spain found that as
the level of functional dependence (as assessed
by the DS scale) increased, informal care costs
also tended to rise [73, 75]. In the US study,
which stratified the patient population into six
dependence levels from very mild to very sev-
ere, informal care costs (PPPM) rose from $46
among patients with very mild dependence to a
peak of $2705 among those with moderate
dependence. Informal care costs were lower
among patients with severe ($2051) and very
severe dependence ($1763), which may reflect a
transition from informal to formal care at the
highest dependence levels [75]. By contrast, the
study conducted in Spain, which stratified
patients into four dependence levels, found that
dependence was associated with significant
increases in monthly informal care costs (from

Table 7 Informal care cost (PPPM) incurred by patients with AD, stratified by dementia severity

Author, year (study name) Setting Informal care cost (per month)

Mild AD Moderate AD Moderate-to-severe AD p value

Lenox-Smith, 2016 (GERAS) UK £871* £945* £1371* \ 0.001

Rapp, 2018 (GERAS) France €698* €1002* €1261* \ 0.001

Maresova, 2018 (meta-analysis) France, Spain €1027 – €1996 NR

Bruno, 2018 (GERAS II) Italy €1370 €1223 €2223 \ 0.001

Chiatti, 2015 Italy – €1677� – NA

Olazaran, 2017 (GERAS II) Spain €1050 €1239 €1580 0.013

Darba, 2015�� Spain €2760 €5983 €8817�,** \ 0.001

Nakanishi, 2020 (GERAS-J) Japan JPY 88,107 JPY 116,488 JPY 175,845 NR

AD Alzheimer disease, CDR Clinical Dementia Rating, GERAS Geriatric Education and Research in Aging Sciences,
MMSE Mini-Mental State Examination, NR not reported, PPPM per patient per month, UK United Kingdom, USA
United States
Costs reported over longer time frames (18 months*, 12 months�, or 6 months�) were adjusted as appropriate to generate
monthly costs
**Costs for patients with severe AD dementia, rather than moderate-to-severe AD dementia
��Severity of dementia was indicated by CDR score of 1 (mild), 2 (moderate), or 3 (severe), rather than by MMSE score as
with other studies in this table
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€2311 to €9639, p\ 0.001) costs [73]. An anal-
ysis of data from the GERAS study cohorts in
France and Germany, for which the follow-up
period was extended to 36 months, found that
functional loss (as assessed by ADCS-ADL scores
at baseline and at 18 months) was associated
with increased informal care costs [94].

Resource Use

A clinical diagnosis of AD dementia (based on
diagnostic codes in administrative claims data)
was associated with increased healthcare
resource use and increased need for informal
care. Many of the studies previously discussed
regarding costs associated with AD dementia
also reported on increased resource use and/or
informal care hours. For example, three studies
conducted in the USA (two studies) and Ger-
many found that patients with AD dementia
incurred more resource use, including emer-
gency department (ED) visits, hospitalizations,
inpatient days, physician contacts, and/or pre-
scriptions compared with controls [79, 85, 87].
In both US studies, the increased resource use
occurred prior to diagnosis, including one study
that found that the difference in hospitaliza-
tions and ED visits was statistically significant
(both p\ 0.01) [85, 87]. In the German study,
patients diagnosed with AD dementia had more
hospitalizations, inpatient days, physician con-
tacts, and drugs prescribed (all p\ 0.001) com-
pared with controls [79].

Several studies also found that increasing
severity of AD dementia was associated with
resource use [66, 70, 79, 88–90, 95]. A multi-
national (USA, Canada, and the EU5) survey
examining resource use by people with AD
(n = 6143) found that resource use rose with
increasing AD severity [95]. For most elements
of resource use assessed (primary care visits,
other provider visits, and hospitalizations),
resource use increased with rising dementia
severity (p\ 0.001), with the exception of spe-
cialist visits, which were less common among
patients with severe dementia than in those
with moderate dementia [95]. Studies con-
ducted in the USA and UK have found that the
severity of AD dementia is associated with risk

of hospitalization (one study, p\ 0.005) and/or
institutionalization (both p\ 0.001) [88, 89].
Studies conducted in the UK, France, and Spain
found that caregiver time rose with increasing
severity of AD dementia (all significant, p
B 0.03); an SLR identified three studies that
reported similar findings [70, 88–90]. An anal-
ysis of the GERAS study (conducted in France,
Germany, and the UK) found between-country
differences in resource use by patients with AD
dementia: for example, caregiver time was sig-
nificantly higher in the UK (125 hours/month)
and Germany (101 hours/month) than in
France (89 hours/month; p\ 0.001), whereas
hospitalizations were more frequent in France
than in the UK or Germany (p\0.001) [66].
Such differences may reflect differences in the
health and social care systems in the different
countries.

Two studies conducted in the USA found
that AD dementia is a common driver of
resource use, particularly due to institutional-
ization, but that this may be less costly than
that used by patients with other diseases. An
analysis of US hospital discharges from 2002 to
2012 (using the Nationwide Inpatient Sample
[NIS]) demonstrated that a diagnosis of AD
dementia was associated with increased risk of
hospitalization (OR 1.07, 95% CI 1.03, 1.11,
p\0.001) and increased hospital length of stay
(LOS) (?0.8 days, p\0.001), although hospital
charges were lower (-$5900, p\0.001), sug-
gesting that AD dementia is a frequent cause of
hospitalization among affected patients but the
resultant hospital charges per discharge are
lower than the average charges [96]. A retro-
spective analysis of Medicare claims data iden-
tified a cohort of patients with AD or related
dementia with functional dependency and
nursing home use as one of five high-need
phenotypes among Medicare beneficiaries. This
patient cohort was characterized by a high
degree of institutionalization (only 59.4% of
living days spent in the community), which led
to a Medicare cost burden of $2395 per month
[97]. However, other high-need phenotypes
identified in this study, such as comorbid
ischemic heart disease with home care or hos-
pitalization and skilled nursing facility use, were
more costly.
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Key drivers of institutionalization in AD
include loss of independence and aggression/
agitation. According to a panel of 11 experts
recruited from urban China, patients with
moderate-to-severe AD who are aggressive
require additional support compared to those
who are non-aggressive. Among dependent
patients, aggression is associated with increased
likelihood of placement in a hospital rather
than a nursing home (70–90% hospitalization
rate vs. 5–35%) [98]. Among independent
patients, aggression is associated with an
increased requirement for caregiver time (12 to
15 hours vs. 1 to 3 hours). A study conducted in
the USA also showed a link between agitation
and risk of institutionalization. Among patients
with AD, the risk of institutionalization was
significantly higher in agitated patients com-
pared with those who were not agitated (OR
1.20, 95% CI 1.08, 1.33); the burden of institu-
tionalization was considerable (incremental
cost of $50,588 per institutionalized patient)
[99].

Economic Burden of MCI due to AD
MCI Costs Studies of individuals with MCI
typically show that this condition is associated
with increased medical costs [100]. A retro-
spective analysis of Medicare expenditures
found that during the 2 years following a clini-
cal diagnosis of MCI, direct costs were increased
considerably in patients with MCI (n = 2826)
compared with those of propensity-matched
controls [100]. The cost difference was highest
in the initial year following diagnosis (year 1:
MCI, $1698 per month; controls, $724 per
month; year 2: MCI, $1191 per month; controls,
$845 per month) [100]. Similarly, a prospective
study (GERAS-US) found that a cohort of
patients (n = 677) with MCI, as evidenced by
MMSE score, incurred a monthly societal cost of
$2816 or $2035 depending on the method of
imputation of informal care costs [72]. Con-
versely, an analysis of direct medical costs in
patients with amnestic MCI (aMCI, as evi-
denced by CDR-SB [sum of boxes] score of 0.4 to
4.0, with higher CDR-SB scores indicative of
mild [4.5 to 9.0], moderate [9.5 to 15.5], or
severe [C 16.0] dementia) estimated that such
expenditures were not significantly increased

over those of unaffected controls (aMCI vs.
controls, -$5459, 95% CI -$6186 to $17106)
[89].

MCI Resource Use A US database study that
compared patients with clinically diagnosed
MCI (n = 5648) and those with AD (n = 3768)
found that during the 3 years prior to diagnosis,
patients with AD had lower overall resource use
(adjusted rate ratio, 0.94, 95% CI 0.90 to 0.97),
outpatient visits (adjusted rate ratio, 0.91, 95%
CI 0.88 to 0.95), and ED visits (adjusted rate
ratio, 0.77, 95% CI 0.69 to 0.87), but more than
double the use of long-term care services (ad-
justed rate ratio, 2.35, 95% CI 1.92 to 2.88)
[101]. Similarly, the abovementioned analysis
of Medicare expenditures associated with a
diagnosis of MCI found increased resource use,
including more hospitalizations and longer
stays as well as more physician visits and home
health services [100].

Prolongation of MCI Stage A long-term model
evaluating the economic impact of prolonging
the MCI stage via a treatment that delays pro-
gression to AD dementia estimated that such an
approach would have the potential for sub-
stantial cost savings in the EU [4]. A treatment
that reduced the incidence of AD dementia by
10% (by delaying progression from MCI) was
estimated to reduce the total economic impact
of AD by 6.5% in 2030. Greater reductions in
incidence (e.g., 20% and 30%) were associated
with even greater reductions in the total cost
burden (20% and 34%, respectively) [4]. A
model developed in a Swedish setting found
that a treatment that reduced progression from
MCI due to AD to AD dementia by 25% would
likely be cost-effective at a willingness-to-pay
threshold of $70,000 per quality-adjusted life-
year (QALY) gained [102].

DISCUSSION

Twenty-one AD- or dementia-specific instru-
ments for assessing health-related QoL (HRQoL)
and ADL in patients with AD dementia were
identified in the literature review. Disease-
specific instruments are preferred over general
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instruments in the context of dementia because
the latter may lack the sensitivity to detect key
aspects of the burden of dementia, such as
caregiver burden [14–16]. Key factors associated
with HRQoL in patients with AD dementia
include social engagement, relationship with
caregiver, religious beliefs or spirituality, mood,
and ability to perform ADLs [12, 13, 20–24].
While basic ADLs (e.g., self-feeding, personal
hygiene) and instrumental ADLs (e.g., reading,
telephone use, and managing finances) are
associated with patient- and caregiver-rated
HRQoL, instrumental ADLs are more sensitive
to the cognitive decline associated with AD
dementia [48]. Of note, dementia severity has
not been shown to have a major impact on
patient-reported HRQoL in patients with AD,
which may be due in part to a discrepancy in
patient-reported and caregiver-reported HRQoL
that may be attributable to patients’ lack of
awareness at more advanced stages of dementia
[12, 13, 43, 44]. Other reasons for this discrep-
ancy include the presence of behavioral/psy-
chiatric symptoms, patients’ degree of
dependence, and caregiver factors such as bur-
den and stress, which tend to have a greater
negative impact on caregiver-rated HRQoL
compared with patient-rated HRQoL
[30, 32, 34, 35].

Reductions in HRQoL were observed in
patients with MCI due to AD, along with
increased psychiatric burden and reduced social
activity [38]. Poor sleep quality and depressive
symptoms have been shown to play a role in
reduced HRQoL in patients with MCI
[39, 40, 42].

While disease-specific measures of QoL are
typically preferred to generic measures in AD
dementia, assessment of utilities have usually
relied on general instruments such as the EQ-
5D, HUI2, and HUI3 [55]. The EQ-5D was found
to be better correlated with other outcome
measures compared with other general instru-
ments and even the dementia-specific QoL-AD
[56]. However, other studies, including the
prospective GERAS study, have highlighted the
limitations of generic measures such as the EQ-
5D in patients with AD dementia [16]. In par-
ticular, EQ-5D utilities appear to have the same
limitations as patient-rated HRQoL, as EQ-5D

utilities are only weakly correlated with care-
giver-rated HRQoL [58].

The combination of rising prevalence and
increasing cost of care (including both formal
and informal care) is projected to lead to an
increase in total societal costs of up to tenfold
from 2010 to 2050 [4–7].

AD is associated with a considerable eco-
nomic burden to society that is inclusive of
direct costs (medical and non-medical) and
indirect costs (most substantially the burden of
informal, unpaid caregiving, but also lost pro-
ductivity and intangible costs). This societal
burden is estimated to be more than $958 bil-
lion worldwide and it is expected to increase
severalfold over the next three decades, with
the vast majority of increased costs (90%)
incurred in high-income countries [4–7, 62].
This estimated increase in costs is driven by the
rising prevalence of AD dementia as the popu-
lation ages and increases in per-patient costs.
Key drivers of per-patient costs include demen-
tia severity, patient dependence level, cognitive
and/or functional decline, institutionalization,
comorbidity burden, and behavioral symptoms
(particularly agitation/aggression). The rela-
tionship between dementia severity and costs is
stronger for informal care costs and direct non-
medical costs than for direct medical costs,
which is consistent with the observation of
progressive cognitive and functional decline as
AD progresses. Similarly, AD dementia is asso-
ciated with increased resource use, particularly
among more severely affected patients
[66, 70, 79, 85, 88–90, 95].

Several studies have observed substantial
medical costs and/or resource use in patients
with MCI, including one study that found a
higher cost burden compared with controls
with normal cognition [72, 100, 101]. However,
recent models have shown that a treatment that
could reduce the incidence of AD by prolonging
the MCI stage was likely to reduce the expected
burden of AD [4, 102].

In the literature identified in this review, AD
(including MCI and dementia) was most often
reported as a clinical diagnosis based on the
1984 NINCDS-ADRDA criteria, the 2011 NIA-AA
criteria, the DSM-IV criteria, and/or diagnostic
codes. However, a 2018 NIA-AA research
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framework and a 2021 international working
group on the diagnosis of AD have recom-
mended clinical-biological diagnostic criteria
that incorporate biomarker evidence of AD
pathology (amyloid- and tau-positive status) in
addition to clinical phenotypic evidence to
support a diagnosis of MCI due to AD or AD
dementia [103, 104]. Future research on the
humanistic and economic burden of AD should
be conducted in patients diagnosed with AD
based on clinical and biomarker criteria, as was
recently done in an analysis by Robinson et al.
[72].

CONCLUSIONS

Our review of the literature highlights the
considerable humanistic burden of AD, as evi-
denced by its impact on patient and caregiver-
reported outcomes, as well as the increasing
cost of care.
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59. Pusswald G, Moser D, Pflüger M, et al. The impact of
depressive symptoms on health-related quality of
life in patients with subjective cognitive decline,
mild cognitive impairment, and Alzheimer’s dis-
ease. Int Psychogeriatr. 2016;28(12):2045–54.

60. El-Hayek YH, Wiley RE, Khoury CP, et al. Tip of the
Iceberg: assessing the Global Socioeconomic Costs
of Alzheimer’s Disease and Related Dementias and
Strategic Implications for Stakeholders. J Alzheimers
Dis. 2019;70(2):323–41.

61. Pena-Longobardo LM, Rodriguez-Sanchez B, Oliva-
Moreno J, et al. How relevant are social costs in
economic evaluations? The case of Alzheimer’s
disease. Eur J Health Econ. 2019.

62. Wimo A, Guerchet M, Ali GC, et al. The worldwide
costs of dementia 2015 and comparisons with 2010.
Alzheimers Dement. 2017;13(1):1–7.

63. Maresova P, Dolejs J, Kuca K. Call for a uniform
strategy of collecting Alzheimer’s disease costs: a
review and meta-analysis. J Alzheimers Dis.
2018;63(1):227–38.

64. Darba J, Kaskens L, Lacey L. Relationship between
global severity of patients with Alzheimer’s disease
and costs of care in Spain; results from the co-de-
pendence study in Spain. Eur J Health Econ.
2015;16(8):895–905.

65. Nakanishi M, Igarashi A, Ueda K, et al. Costs and
resource use associated with community-dwelling
patients with Alzheimer’s Disease in Japan: baseline
results from the prospective observational GERAS-J
study. J Alzheimers Dis. 2020;74(1):127–38.

66. Reed C, Happich M, Argimon JM, et al. What drives
country differences in cost of Alzheimer’s Disease?
An explanation from resource use in the GERAS
study. J Alzheimers Dis. 2017;57(3):797–812.

67. Henderson C, Knapp M, Nelis SM, et al. Use and
costs of services and unpaid care for people with
mild-to-moderate dementia: Baseline results from
the IDEAL cohort study. Alzheimer’s Dementia
(New York, N Y). 2019;5:685–96.

68. Bruno G, Mancini M, Bruti G, et al. Costs and
resource use associated with Alzheimer’s disease in
Italy: results from an observational study. J Prev
Alzheimers Dis. 2018;5(1):55–64.

69. Chiatti C, Furneri G, Rimland JM, et al. The eco-
nomic impact of moderate stage Alzheimer’s disease
in Italy: evidence from the UP-TECH randomized
trial. Int Psychogeriatr. 2015;27(9):1563–72.

70. Rapp T, Andrieu S, Chartier F, et al. Resource use
and cost of Alzheimer’s Disease in France:

Neurol Ther (2022) 11:525–551 549



18-month results from the GERAS observational
study. Value Health. 2018;21(3):295–303.

71. Yan X, Li F, Chen S, et al. Associated factors of total
costs of Alzheimer’s disease: a cluster-randomized
observational study in China. J Alzheimers Dis.
2019;69(3):795–806.

72. Robinson RL, Rentz DM, Andrews JS, et al. Costs of
early stage Alzheimer’s disease in the United States:
cross-sectional analysis of a prospective cohort
study (GERAS-US)1. J Alzheimers Dis. 2020;75(2):
437–50.

73. Darba J, Kaskens L. Relationship between patient
dependence and direct medical-, social-, indirect-,
and informal-care costs in Spain. ClinicoEcon Out-
comes Res CEOR. 2015;7:387–95.

74. Kahle-Wrobleski K, Andrews JS, Belger M, et al.
Clinical and economic characteristics of milestones
along the continuum of Alzheimer’s disease: trans-
forming functional scores into levels of depen-
dence. J Prev Alzheimers Dis. 2015;2(2):115–20.

75. Michaud TL, High R, Charlton ME, et al. Depen-
dence stage and pharmacoeconomic outcomes in
patients with Alzheimer disease. Alzheimer Dis
Assoc Disord. 2017;31(3):209–17.

76. Jones RW, Lebrec J, Kahle-Wrobleski K, et al. Disease
Progression in Mild Dementia due to Alzheimer
Disease in an 18-Month Observational Study
(GERAS): the impact on costs and caregiver out-
comes. Dementia Geriatr Cognitive Disord Extra.
2017;7(1):87–100.

77. Lenox-Smith A, Reed C, Lebrec J, et al. Potential
cost savings to be made by slowing cognitive
decline in mild Alzheimer’s disease dementia using
a model derived from the UK GERAS observational
study. BMC Geriatr. 2018;18(1):57.

78. Belger M, Haro JM, Reed C, et al. Determinants of
time to institutionalisation and related healthcare
and societal costs in a community-based cohort of
patients with Alzheimer’s disease dementia. Eur J
Health Econ. 2019;20(3):343–55.

79. Bruggenjurgen B, Andersohn F, Ezzat N, et al.
Medical management, costs, and consequences of
Alzheimer’s disease in Germany: an analysis of
health claims data. J Med Econ. 2015;18(6):466–73.

80. Chen Y, Wilson L, Kornak J, et al. The costs of
dementia subtypes to California Medicare fee-for-
service, 2015. Alzheimers Dement. 2019;15(7):
899–906.

81. Jones RW, Romeo R, Trigg R, et al. Dependence in
Alzheimer’s disease and service use costs, quality of

life, and caregiver burden: the DADE study. Alz-
heimers Dement. 2015;11(3):280–90.

82. Bayen E, Yaffe K, Cleret de Langavant L, et al. The
direct health care cost to Medicare of Down syn-
drome dementia as compared with Alzheimer’s
disease among 2015 Californian beneficiaries. Ann
Phys Rehabil Med. 2020. https://doi.org/10.1016/j.
rehab.2020.07.011.
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