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Abstract

BACKGROUND: Alzheimer ’s Disease is the most common
cause of dementia, affecting memory, thinking and behavior.
Symptoms eventually grow severe enough to interfere with
daily tasks. AD is predicted to increase healthcare spending and
costs associated with formal and informal caregiving. The aim
of this study was to identify and quantify the contribution of the
different cost components associated with AD.
METHODS: A structured literature review was conducted to
identify studies reporting the economic burden of Alzheimer`s
Disease beyond the healthcare setting. The search was
conducted in Medline, Embase and EconLit and limited to
studies published in the last 10 years. For each identified cost
component, frequency weighted mean costs were calculated
across countries to estimate the percentage contribution of each
component by care setting and disease severity. Results obtained
by each costing approach were also compared.
RESULTS: For community-dwelling adults, the percentage
of healthcare, social care and indirect costs to total costs were
13.9%, 17.4% and 68.7%, respectively. The percentage of costs
varied by disease severity with 26.0% and 10.4% of costs spent
on healthcare for mild and severe disease, respectively. The
proportion of total spending on indirect costs changed from
60.7% to 72.5% as disease progressed. For those in residential
care, the contribution of each cost component was similar
between moderate and severe disease. Social care accounted on
average for 85.9% of total costs.
CONCLUSION: The contribution of healthcare costs to the
overall burden was not negligible; but was generally exceeded
by social and informal care costs.
Key words: Indirect costs, healthcare costs, Alzheimer’s Disease,
societal perspective, economic evaluation.

Introduction

M

any chronic diseases pose significant
economic and humanistic burden for
patients, families, and society as a whole.
For example, it has been estimated that the indirect
costs of lost economic productivity of people with
chronic diseases are almost 300% greater than the direct
costs of healthcare (1). The economic consequences of
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health-related employment inactivity of people with
chronic conditions can also extend to the government
due to increased spending on support programs and
lost tax revenues (2, 3). Fewer people working, earning
income and paying taxes generates lost tax revenue for
the government and increasing dependency on public
benefits support (4). The externalities of poor health can
further extend to family members or friends who may
reduce or discontinue their work in order to provide
informal care (5-8). Furthermore, informal caregiving can
impact the well-being of those providing care, which is
shown to be proportional to the amount of care provided
(9, 10) suggesting that as the Alzheimer’s disease (AD)
population grows, the externalities of the condition also
expand.
Researchers have increasingly studied the cost related
to informal caregiving due to its significant impact on
families as well as the overall contribution to the total
economic burden of many chronic conditions (11). Studies
have also examined how including the cost of informal
care can influence findings of cost-effectiveness studies,
where inclusion of the cost of informal care can determine
the likelihood that interventions are considered costeffective or not (12). Many determinants can influence the
amount of informal care provided, including age, gender,
geographic region, caregiver relationship, the level of
dependence of the person requiring care and the amount
of social services being provided (1, 13).
The importance of informal caregiving is exemplified
by AD, which is a progressive chronic condition with
increasing global prevalence (14). AD is a continuum
with the first clinically recognizable stage being Mild
Cognitive Impairment (MCI) (15). MCI refers to
individuals who function similarly to their peers and
suffer some cognitive impairment, but it is not sufficiently
severe for it to be considered dementia (16). As the
disease progresses, symptoms gradually worsen and in
the later stages patients typically lose their independence
and become dependent on formal or informal care. As a
result, AD is predicted to increase healthcare spending
and costs associated with formal and informal caregiving
compared to an average aging population.
This is particularly important as AD progresses,
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and more intensive care is required (17-19). Increasing
demands are placed on informal care at a time when
the proportion of working aged adults is decreasing
in many advanced economies, which could influence
economies and labor markets (20). There is growing
evidence of the significant economic burden that AD
poses on the healthcare system as well as on patients and
their families. To further understand the contribution
of healthcare costs to overall costs attributed to AD,
we have reviewed the literature to identify studies that
provide comprehensive estimates of financial burden
including productivity losses, informal care costs,
institutionalization costs and other economic domains.
We believe that dissecting the cost components can give
a more complete picture of the overall burden of AD,
emphasize the major cost drivers associated with AD,
and in the end serve as a foundation for future policy
frameworks.

snowballing was conducted on eligible studies to identify
further relevant research.

Study aims

Outcomes

The aim of this literature review was to provide an
overview of the different cost components associated
with AD and estimate the proportion of overall costs
of AD that are attributable to healthcare in comparison
with all other attributable costs incurred by individuals,
households and society.

For the patient and caregiver, the outcomes of
interest included direct and indirect healthcare costs;
these including but not limited to income, labor force
participation, economic (in)activity, work adaptation;
disposable income; social insurance allowance or benefit;
disability allowance and caregiver’s allowance. Studies
assessing total societal costs which included health costs
and the cost of each component as well as the total were
included. However, studies reporting only on a single
component of economic impact, e.g., only informal costs
or health costs only, were excluded.

Methods
Search strategy
A comprehensive search strategy was constructed
using controlled vocabulary and free-text terms relating
to the population, outcomes and study designs of interest.
Population terms included those related to AD and mixed
dementia, as well as neurocognitive disorders other than
AD, and those defined by the Diagnostic and Statistical
Manual of Mental Disorders (DSM-V) and recognized
patient societies, in order to reduce irrelevant studies.
Outcome terms were clustered around five concepts:
labor force participation and income, disposable income,
social security, disability allowances and indirect costs.
These measures are typically not included in randomized
trials; or are reported as secondary outcomes for which
studies are not powered to analyze. Additionally, when
these data are collected alongside randomized trials they
are intervention-specific, restricted to shorter followup periods and of limited generalizability due to strict
trial inclusion criteria (21).Therefore, a search filter for
observational studies formed the last search concept. The
search was limited to humans and to studies published
in the last 10 years. No language limitations were
predefined. The full strategy provided in Supplement 1
was used for searching MEDLINE (PubMed) and adapted
for searching EMBASE (OVID) and EconLIT. Backwards

Study eligibility
Population
Individuals identified with MCI likely due to AD or
AD with or without another form of dementia were
included along with their caregivers. Populations limited
to a single gender or AD in combination with nondementia health conditions were excluded.

Comparison
Comparisons of AD to a cognitively normal population
or between different stages of AD were of interest.

Study design
Non-interventional, observational studies providing
an overview of AD were included. Interventional
studies were kept in if they reported relevant outcomes;
however, they were of less priority. Randomized or quasirandomized clinical trials, traditional and systematic
literature reviews, qualitative studies, methodological
papers or study protocols, economic modeling studies,
comments, editorials and letters were excluded. Studies
with less than 10 subjects per arm were also omitted.

Study selection
References were downloaded into ENDNOTE version
9.3. Study titles and abstracts were screened against the
eligibility criteria described above by a single reviewer.
The full texts of relevant studies were subsequently
obtained and screened by two independent reviewers.
Posters of conference abstracts were sought if the
material had not been published in a journal manuscript.
Uncertainties between reviewers were resolved by
discussion with a third reviewer.
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Data extraction and synthesis
Data were extracted from each study by a single
reviewer on study design and duration, country, care
setting, sample size and age, disease diagnosis and
disease severity; measurement and costing of resources
(costing approach, costing year and currency), and the
absolute mean and variance of each cost component and
of the total costs. The resource items comprising each cost
component were also recorded.
The percentage of total costs covered by each
component was calculated for the overall AD population
in each study and by disease severity. Outcomes from
cross-sectional studies and at baseline from longitudinal
studies were narratively synthesized. For each cost
component, frequency weighted mean costs were
calculated to summarize results across countries by
disease severity, and per country when multiple studies
were available. For this purpose, all costs were inflated to
2019 using country specific consumer price index values
(22) and then converted to Euros. Primary analysis was
based on studies that used the human capital approach
for valuing indirect costs (23) and repeated for each
care setting. When studies reported multiple analyses,
results obtained with supervision time from a caregiver
or family member were included. A separate assessment
was conducted on studies that valued informal care using
the labor replacement approach, i.e., by using the cost
for hiring a professional caregiver. Results obtained with
the two costing approaches for the community setting
were compared. Economic elements not included in the
estimation of the total societal costs, i.e., income, were
narratively summarized.

Results
The search yielded 2250 results. After removing
duplicates, the titles and abstracts of 1740 records were
screened of which 143 were considered relevant for fulltext screening. Of these, 3 were conference abstracts
for which journal publications were identified; 1 was
a repeated publication; 10 provided an insufficient
description of methods or results and 108 met at least
one exclusion criteria. 21 publications were included
in a narrative synthesis. Five publications were further
included in synthesis after backward snowballing. Study
selection is depicted in Figure 1.

Characteristics of individual studies
Ten publications reported results from the GERAS
I (18, 24-28), GERAS II (29, 30), and extensions of the
GERAS to Japan (31) and the USA (32). The remaining
20 publications included the ECO, EVOCOST and
Codep-AD studies from Spain (33-36); the ECAD from
Ireland (17, 37); one multinational study (38); a clusterrandomized observational study from China (39, 40);
and others from France (41), Germany (42), Sweden (43),

and the USA (44-48). Together there were 17 studies with
unique methodologies.
Figure 1. Flow of study selection

One retrospective case-control study from the USA
used a claims database to assess patient and caregiver
medical costs in comparison to a cognitively healthy
spouse-patient dyad (47-50). Based on population survey
data also from the USA, Ton (46) assessed the relationship
between cognitive decline (MCI and AD) and household
income in addition to patient medical costs.
The total socioeconomic burden was estimated in 15
studies. The characteristics of these are summarized in
Table 1. Two studies used random sampling to identify
study sites (33, 39, 40). In the remaining studies,
participants were conveniently sampled from their
healthcare settings by their local healthcare providers.
Longitudinal studies (9 studies) limited their sample to
community-dwelling adults, with exception of the ECO
study that also included individuals from a residential
setting. Three studies further restricted their sample by
disease severity: the EVOCOST study focused on adults
with moderate disease severity (34); the GERAS-US
study (32) compared mild AD against MCI; and Zhu (45)
compared adults with MCI against cognitively healthy
adults. Cross-sectional studies (6 studies) included a
broad sample from the community and residential setting,
except for Gervès et al (2014) who studied communitydwelling adults; and most did not specify an age-limit for
inclusion (35, 36, 38, 42, 43). Disease severity was defined
by the Mini-mental State Exam (MMSE) scores in 14
studies; and by the Clinical Dementia Rating (CDR) in the
ECO and Codep-AD studies (33, 35, 36). Discrepancy was
observed between studies in the diagnostic criteria for AD
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DE, FR, UK

IT, ESP

JPN

USA

ESP

CN

IE

DE

SWE

ESP

USA

FR

SWE, ESP,
UK, USA

ESP

USA

GERAS I (18, 24-28)

GERAS II (29, 30)

GERAS-J (31)

GERAS-US (32)

Codep-AD (35, 36)

Jia (39), Yan (40)

ECAD study (17, 37)

Reese (42)

Mesterton (43)

ECO study Coduras (33)

Michaud (44)

Gervès (41)

Gustavsson (38)

EVOCOST study (34)

Zhu (45)

Longitudinal
prospective,
case-control

Longitudinal
prospective

Cross-sectional,
multinational

Cross-sectional

Longitudinal
prospective

Longitudinal
prospective

Cross-sectional

Cross-sectional

Longitudinal
prospective

Cross-sectional

Cross-sectional

Longitudinal
prospective

Longitudinal
prospective

Longitudinal
prospective

Longitudinal
prospective

Study design

36

12

NA

NA

36

12

NA

NA

24

NA

NA

36

18

6

18

Follow-up
(months)

community

community

community and
residential

community

community

community and
residential

community and
residential

community and
residential

community

community and
residential

community and
residential

community

community

community

community

Care setting

convenience
sampling

convenience
sampling

convenience
sampling

convenience
sampling

convenience
sampling

stratified
multistage
probabilistic
sampling

convenience
sampling

convenience
sampling

convenience
sampling

cluster sampling

convenience
sampling

convenience
sampling

convenience
sampling

convenience
sampling

convenience
sampling

Sampling
approach

Age criteria: 55-90 yrs
n=259 patients, 107 controls

Age criteria: NR
n=162 dyads

Age criteria: None
n=1222 dyads

Age criteria: 60+ yrs
n=57 patients

Age criteria: 50-85 yrs
n=132 dyads

Age criteria: 50+ yrs
n=560 dyads

MCI, cognitively
healthy controls

AD

probable or possible AD1

AD

probable or possible AD1

probable or possible AD1

AD with or
without vascular
components

MCI, probable or
possible AD1

Age criteria: NR
n=395 dyads

Age criteria: None
n=233 dyads

MCI3, probable or
possible AD1

probable or possible AD1

probable or possible AD1

MCI mild AD2

probable AD2

probable AD2

probable or possible AD1

Disease definition

Age criteria: 50+ yrs
n=72 patients

Age criteria: 60+ yrs
n=2507 carers, 3046 patients

Age criteria: None
n=343 dyads

Age criteria: 55+ yrs
n=1239 carers, 1237 patients

Age criteria: 55+ yrs
n=553 dyads

Age criteria: 55+ yrs
n=578 dyads

Age criteria: 55+ yrs
n=1497 dyads

Sample

MCI: MMSE ≤ 24, CDR=0.5
Controls: MMSE > 26, CDR=0, GDS 1-2

moderate: MMSE 10-19

mild: MMSE > 20
moderate: MMSE 10-20
severe: MMSE < 10

mild: MMSE ≥ 20
moderate to severe: MMSE ≤ 19

Dependence Scale stages

mild: CDR 0.5
mild to moderate: CDR 1-2
moderate to severe: CDR 3

mild: MMSE 20-26
moderate: MMSE 10-19
severe: MMSE < 10

MCI: MMSE ≥ 26
mild: MMSE 21-25
moderate: MMSE 15-20
severe: MMSE ≤ 15

MMSE, not specified

For illiterate dementia mild: MMSE 21–24; moderate:
MMSE 11–20; severe MMSE ≤10. For literate dementia mild: MMSE 16–19; moderate: MMSE 8–15;
severe: MMSE ≤7.

questionable: CDR 0.5
mild: CDR 1
moderate: CDR 2
severe: CDR 3

MMSE ≥ 24 & FAQ < 6
MMSE ≥ 20 & FAQ ≥ 6

mild: MMSE 21-26
moderate: MMSE 15-20
severe: MMSE ≤ 15

mild: MMSE 21-26
moderate: MMSE 15-20
severe: MMSE ≤ 15

mild: MMSE 21-26
moderate: MMSE 15-20
severe: MMSE ≤ 15

Disease severity

1. National Institute of Neurological and Communicative Disorders, and Stroke and Alzheimer’s Disease and Related Disorders Association criteria; 2. National Institute on Aging and Alzheimer’s Association Alzheimer’s
criteria; 3 .International Working Group on Mild Cognitive Impairment (J Intern Med 2014; 256(3):240-246) ; AD: Alzheimer`s Disease. CN: China. DE: Germany. ESP: Spain. FR: France. IE: Ireland. IT: Italy. JPN: Japan. MCI:
Mild cognitive impairment. NR: Not reported. NA: Not available. SWE: Sweden. UK: United Kingdom. USA: United States of America. MMSE: Mini-Mental State examination. FAQ: Functional Activities Questionnaire. CDR:
Clinical Dementia Rating. GDS: Global Deterioration Scale.

Country

Study

Table 1. Characteristics of studies assessing total socioeconomic burden of AD
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Table 2. Weighted mean (min-max) contribution of each cost component to total costs across countries
Community
n dyads
(studies)

Healthcare

MCI†

677 (1)

Mild AD

1838 (5)

Moderate AD

Residential

Combined Community & Residential

Social care

Indirect costs

n dyads
(studies)

Healthcare

Social care

Indirect
costs

n dyads
(studies)

Healthcare

Social care

Indirect costs

50.9%

9%

40.1%

-

-

-

-

-

-

-

-

26.0%
(7.8 %36.2%)

13.3%
(5.8%-45.3%)

60.7%
(30%-82.2%)

-

-

-

-

91 (1)*

14.5%

72.2%

13.3%

1388 (5)

15.7%
(6.3%-30.4%)

17.3%
(0%-37.2%)

67.1%
(43.2%-84.1%)

132 (1)*

8.2%
(5.5%-10.5%)

85.4%
(81.7 %- 92.2%)

6.4%
(2.4%-9.9%)

558 (2)*

13.8%
(5%-20.8%)

61.3%
(47.1%-84.7%)

24.9%
(10.3%-40.2%)

Severe AD

1083 (4)

10.4%
(2.6%-24.4%)

17.1%
(9.3%-47.3%)

72.5%
(39.1%-87.8%)

179 (1)*

8.5%
(7.3%-9.7%)

86.2%
(82.9%-89.6%)

5.3%
(2.3%-7.4%)

432 (2)*

10.9%
(4.7%-14%)

69.1%
(58.7%-59.4%)

20.0%
(5.9%-32.9%)

All AD x

3885 (7)

13.9%
(4.2%-29.9%)

17.4%
(7.4%-42.1%)

68.7%
(38%-86.1%)

434 (2)

8.6%
(6.8%-9.9%)

85.9%
(82.3%-90.8%)

5.5%
(2.3%-8.1%)

5104 (5)

23.8%
(6.7%-33.7%)

32.4%
(15.6%-83.9%)

41.5%
(9.4%-67.8%)

† only one MCI study identified.

and disease staging based on MMSE scores. Two studies
staged disease severity by dependency level (36, 44).
Overall, adults with MCI likely to be due to AD were
included in 3 studies (17, 32, 37, 42); their outcomes were
reported separately from adults with AD in the GERASUS (32).
All 16 studies included patient health care, social
care and informal care in their estimation of total
socioeconomic burden. There were minimal differences
across studies in the resource items assessed as most
studies used the Resource Utilization in Dementia (RUD)
(52) or RUD-Lite (53) instruments for measuring resource
utilization. The case-control study by Zhu (45) differed
from the others by using the Resource Use Inventory (54)
to capture resource utilization and not valuing the use of
informal care in MCI. It is also noteworthy that Reese (42)
conducted their economic evaluation from the perspective
of the German statutory health insurance; formal and
informal care were assessed together as a component of
social care. This evaluation also estimated productivity
losses of the patient and caregiver. Productivity loss
of the caregiver was evaluated independently from
informal care in one other study where informal care
was accounted as lost leisure time (35). Informal care
was accounted as productivity loss in one study each
from the USA (44) and China (39, 40). The Chinese study
further considered intangible costs which accounted for
4.2% of total costs. Additionally, healthcare costs of the
caregiver were evaluated by GERAS I, GERAS II-Spain
and GERAS-US.
The contribution of patient health and social care and
indirect costs to total societal costs, without caregiver
health care and intangible costs, were calculated across
all studies. Indirect costs related to informal care and
productivity loss when evaluated separately.

Cost components by setting
The cost components attributed to the MCI population
were obtained from a single study where the largest
component of overall costs was patient health care costs
(50.9%) followed by informal care costs (40.1%) when
using the human capital approach. The case-control
study by Zhu (45) found hospitalization to be the largest

component of medical costs and that adults with MCI
required significantly more informal care than cognitively
healthy adults.
In community-dwelling adults with AD, the weighted
mean contribution of health care costs was 26.0%, 15.7%
and 10.4% for mild, moderate and severe forms of AD,
respectively; and averaged 13.9% across all severity
levels. Results summarized in Table 2 show that the
weighted mean contribution of indirect cost to the overall
cost burden was substantially high and increased as
disease progressed representing 60.7%, 67.1% and 72.5%
for mild, moderate and severe AD, respectively. Countrylevel data presented in Supplement 2 show that patient
health care costs formed a greater component of total
costs in the USA compared to European countries at
all disease severity levels; and the least in Italy where
informal care costs exceeded 80% of total costs. Further,
social care costs composed a larger amount of the total
costs in Japan and Sweden, and even exceeded the
contribution of informal care in Sweden.
For adults living in residential care, the weighted mean
contribution of cost components was similar between
moderate and severe AD, as shown in Table 2. Across
severity levels, patient social care formed 85.9% of total
costs and patient health care was slightly larger than that
of informal care (8.6% vs. 5.5%). Further, the percentage
contribution of each cost component was similar between
countries. The difference in minimum and maximum
values between Germany, Spain, Sweden, UK and USA
were 3.1%, 8.5% and 5.8% for patient health care, social
care and indirect costs, respectively between Germany,
Spain, Sweden, UK and USA. Country-level data are
tabulated in Supplement 2.
In studies that assessed both community and
residential care settings, the percentage contribution
of cost components varied between countries in terms
of social care (15.6%-83.9%) and informal care (9.4%67.8%). Looking at country-level data (Supplement 2),
this outcome was heavily influenced by high social care
costs and little informal care in Sweden. Additionally,
social care constituted a smaller component of total costs
than patient healthcare in China (15.6% vs. 32.5%) than in
European countries.
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Table 3. Weighted mean (min-max) contribution of caregiver healthcare costs
n

Patient HC

Patient SC

Caregiver HC

Informal care

MCI

677

39%

23.4%

6.9%

30.7%

Mild AD

1333

23.7%
8.2%-24.2%

10.3%
6.2%-18.2%

11.5%
3%-16.12%

54.5%
62.4%-76.3%

Moderate AD

590

13.1%
7.7%-18.7%

15.1%
8.3%-19.8%

4.4%
2.4%-6.9%

67.5%
62.9%-72.1%

Severe AD

604

10.2%
5.5%-13%

14.7%
9.1%-21.9%

2.3%
1.8%-3.8%

72.8%
67.9%-76.1%

All AD

1877

12.2%
7.2%-17%

14.3%
8.2%-18.4%

3.7%
3%-4.2%

69.8%
66.7%-71.3%

AD: Alzheimer`s Disease. MCI Mild Cognitive Impairment. HC: Healthcare. SC: Social care.

Comparison of costing approaches
The choice of method for costing informal caregiving
time had a substantial impact on the distribution of cost
components in the early stages of cognitive decline. Using
the labor replacement approach increased the weighted
mean contribution of patient healthcare to total costs
for MCI (79.9% vs. 50.9%) and mild AD (39% vs. 26%),
as shown in Figure 2. Country-level results provided
in Supplement 2 show that this was especially true for
the USA where the contribution of patient healthcare
almost doubled (36.2% to 65.4%). Smaller, but observable
changes also occurred in Spain, Germany and Italy. Data
for these countries came from analyses that excluded
supervision time from informal care. Additional analysis
was carried out using results from the GERAS studies to
explore how the inclusion of supervision time influences
results. Across France, Germany, UK, Spain and Italy, the
weighted mean contribution of patient health and social
care were equally elevated by 5% to 6% with the exclusion
of supervision time from informal care calculations.
Results are presented in Supplement 3.
Figure 2. Comparison of labor replacement method
and human capital approach for valuing indirect costs
and influence on percentage contribution of each cost
component

Contribution of caregiver healthcare to overall
costs
Across the GERAS-I countries, Spain and the USA,
caregiver healthcare costs accounted for 6.9% of total
costs in adults with MCI likely due to AD (32) and 3.7%
of total costs in those with AD. As shown in Table 3,
the percentage contribution of this component to the
total cost decreased substantially from mild (11.5%) to
moderate AD (4.4%) and reached 2.3% for severe AD.
Across AD severity levels, the contribution of caregiver
healthcare costs showed little variation between countries
(3% - 4.2%).

Impact of AD on other socioeconomic aspects
Ton et a (2017) (46) demonstrated that in the USA
not only adults with AD but also those with MCI had
greater medical expenditure and less household income
than cognitively healthy adults (<0.001). This result
remained highly significant after adjusting for age, sex,
race, education, marital status, residential region and
comorbidities (<0.015). Another study demonstrated
that, compared to MCI, significantly more individuals
with mild AD were pushed to an income below the
federal poverty level. Patients’ employment rates were
found to significantly drop from 21.4% to 9.4%; and the
number of employed adults who reduced their work
significantly rose from 3.2% to 13.8% (32). In the broader
AD population, a significant relationship between
dependency and household income has not been found
(44).
When examining the impact of AD on household
expenditure (47, 48), an US study indicated that annual
health care costs were double the amount of costs of
a cognitively healthy household ($6,028 vs. $2,951).
Patient health care costs were significantly higher
than age, sex and comorbidity-matched adults ($4408
vs. $1473, p<0.001). Spousal caregivers accumulated
significantly higher costs for AD-related and mental
health prescription; but on average were not significantly
different from spouses of cognitively health adults.
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Discussion
The rising costs of treating AD and the impact on
households and caregivers has been a topic of concern for
researchers, policy-makers and planners for many years
(55). The work described here helps to put expenditure
into perspective to understand major cost drivers in
the delivery of care to people with AD. This review has
illustrated that in community-dwelling adults with AD,
patient healthcare costs constitute the smallest component
of the total cost burden representing, on average,
13.9% across all AD severity levels. Furthermore, the
contribution of healthcare costs to the overall cost burden
decreases as disease progresses and as informal care
needs increase. As described here, the costs of informal
care represent approximately 60% of total costs, and
reach 72.5% of the total cost burden in severe AD. The
difference between the contribution of patient healthcare
and indirect costs was substantially reduced in early
stages of AD when using the replacement labor approach
to valuing informal care. This may be due to higher
employment rates of the caregiver of adults with MCI
and mild AD compared to the later stages; and that this
is disregarded with the use of a uniform cost to value
caregiving time. Robinson (32) reported employment
rates of 48.3% and 43.4% respectively for patients with
MCI and mild AD; with later stages of AD this tends to
drop below 30% (18, 30).
Variation in the distribution of the cost components in
the community and residential professional care settings
emphasize the importance of studying each setting
separately. When costs were pooled across settings,
results were heavily influenced by residency care and
showed high variability between countries. It is important
to put the informal care costs into perspective as these
represent lost earnings for individuals with significant
economic consequences (56). Therefore, interventions
that delay progression can offer economic benefits due to
reduced need for informal and formal care.
We observed that the distribution of cost components
was relatively similar between European countries. In
Italy, however, there was a heavy reliance on informal
care and little utilization of medical care which became
even more apparent with increasing disease severity.
The provision of long-term care by the family may be
due to differences in the formalization of and access to
healthcare compared to other European countries (29).
The greater contribution of community care in Japan,
compared to European countries, may be due to the
caregiver being an adult-child of the person with AD (31),
and in Sweden due to the availability of different social
care structures (38). Such factors have been considered in
other comparisons of country-level data (24, 26).
This review identified few studies evaluating the
broader economic burden of MCI likely due to AD,
probably because of the recent introduction of this term
and the difficulty to establish this diagnosis (57). These

studies demonstrated that individuals with MCI likely
due to AD require social care and informal care more than
their age-matched peers; and that this is further increased
in those with mild AD dementia (32, 45). A similar trend
is seen with caregiver health care costs when they are
included in the estimation of total costs. These results
highlight the importance of reporting disaggregated
outcomes across early stages of cognitive decline. As
more sensitive diagnostic methods become available to
detect changes in cognition and more therapies become
available to slow down progression early in the AD
continuum, the need to explore the wide socioeconomic
impact of cognitive decline will become more pertinent.
The results of this review should be interpreted with
caution as a small number of studies were included.
A larger number of studies might have been identified
by removing the search limit on publication dates. The
intention of this search limit was to identify studies
reflecting current treatment practices. As part of a rapid
review, study screening and data extraction were carried
out mostly by a single reviewer, and the quality of the
included studies were not assessed due to limited time
and resources. The exclusion of quality appraisal is
justifiable as a meta-analysis of study results was not
possible. The analysis was nonetheless quantitative in
nature and would not have benefited from the inclusion
of qualitative evidence. Calculation of a frequencyweighted mean cost across countries was seen as a
descriptive method for summarizing estimated costs
per person. Differences in criteria for disease diagnosis
and staging were not considered in data synthesis. Only
the extensions of the GERAS study applied the more
recent diagnostic criteria from the National Institute on
Aging and Alzheimer’s Association Alzheimer’s (NIAAAA) (58). Study-level results differed more between
diagnostic criteria than between disease staging based on
MMSE scores. Differences in AD severity categorization
are likely to generate cost data somewhat different in
absolute terms. There is a clear trend in the data showing
that a reduction in the proportional contribution of
healthcare costs is accompanied by an increase in the
contribution of indirect costs, as severity progresses
(Figure 2). The authors believe that this overall trend is
unlikely to be substantially altered were AD categories
more homogeneous.
NIA-AAA criteria distinguish AD dementia from
earlier stages of cognitive decline, not limited to memory
loss alone, and from other dementing conditions. They
also recognize the additional use of imaging methods
or biomarker analysis in increasing certainty in
diagnosis, particularly for the differential diagnosis of
MCI likely due to AD. However, at time of publication
ancillary testing was described as optional clinical tools,
advocating more investigational research on their use
and standardization (57, 58). The Alzheimer`s Disease
Neuroimaging Initiative has played an important role
in the quest to find sensitive biomarkers and diagnostic
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tests; and have developed standardized methods for
clinical tests, magnetic resonance imaging, positron
emission tomography and cerebrospinal fluid biomarkers
(59). Multi-modal use of neuroimaging and biological
markers has been recommended as the way forward
for detecting changes in cognition throughout the AD
pathophysiology (60), and for predicting future decline
(59). Blood biomarkers have also been developed as
a non-invasive, low-cost alternative to cerebrospinal
fluid biomarkers; and have shown to be effective in
differentiating AD, MCI and cognitively normal controls
(59, 61). These recent advances will likely impact the
incidence of MCI due to AD and AD dementia and their
associated health care costs. Study-level results from this
review suggest the contribution of patient health care
costs to be lower and that of social care costs to be higher
with NIA-AAA criteria compared to older diagnostic
criteria. Future observational studies reflecting the use of
modern methods are needed to explore this hypothesis.

3.

4.

5.
6.
7.
8.
9.
10.

11.

Conclusions
Healthcare costs can cover up to 30% of the overall
burden of AD; but is generally exceeded by the costs
associated with social care and informal care in the
community setting the contribution of indirect costs to
overall costs increases and that of patient healthcare
decreases as disease progresses. As people transition from
community care to residential care, the proportion of
spending on social care increases and that of indirect costs
substantially decreases. Such a transition allows some
caregivers to regain independency and rejoin the labor
force. The reliance on informal care in the community
setting is likely due to the differing availability and
organization of social care between countries particularly
in the earlier, less dependent stages of AD.

12.
13.

14.
15.
16.
17.
18.

19.

Funding: This work was funded by Biogen.
Disclosures: During the peer review process, Biogen had the opportunity to
review and comment on the manuscript. The authors had full editorial control of
the manuscript and provided their final approval on all content to be published.
The authors hold no financial interests in the sponsoring company.

20.

Conflict of interest: The authors report no further conflicts of interest in relation
to the work described here.

21.

Ethical standards: The analysis reported here is based on previously reported
literature. No individual patient data has been collected for this study and no
ethics approval was required.
Open Access: This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecommons.org/
licenses/by/4.0/), which permits use, duplication, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons
license and indicate if changes were made.

22.
23.
24.
25.

References

26.

1.

27.

2.

Courbage C, Montoliu-Montes G, Wagner J. The effect of long-term care public
benefits and insurance on informal care from outside the household: Empirical
evidence from Italy and Spain. Eur J Health Econ 2020;21:1131-47.
Connolly MP, Kotsopoulos N, Postma MJ, Bhatt A. The fiscal consequences
attributed to changes in morbidity and mortality linked to investments in

28.

369

health care: A government perspective analytic framework. Value Health
2017;20(2):273-7.
Black D. Working for a healthier tomorrow. Department for Work and
Pensions, 2008. https://www.gov.uk/government/publications/workingfor-a-healthier-tomorrow-work-and-health-in-britain. Accessed 15 November
2020.
Schofield D, Shrestha RN, Zeppel MJ, et al. Economic costs of informal care
for people with chronic diseases in the community: Lost income, extra welfare
payments, and reduced taxes in Australia in 2015–2030. Health Soc Care
Community 2019;27(2):493-501.
Farré M, Kostov B, Haro JM, et al. Costs and burden associated with loss of
labor productivity in informal caregivers of people with Dementia. J Occup
Environ Med 2018;60(5):449-56.
Schofield D, Zeppel MJ, Tanton R, et al. Informal caring for back pain:
Overlooked costs of back pain and projections to 2030. Pain 2020;161(5):1012-8.
Nguyen HT, Connelly LB. The effect of unpaid caregiving intensity on labour
force participation: Results from a multinomial endogenous treatment model.
Soc Sci Med 2014;100:115-22.
Eikemo TA. Hidden health care in European health systems. Scand J Public
Health 2018;46(4):433-5.
Chen L, Fan H, Chu L. The hidden cost of informal care: An empirical study
on female caregivers’ subjective well-being. Soc Sci Med 2019;224:85-93.
Conde-Sala JL, Garre-Olmo J, Turró-Garriga O, Vilalta-Franch J, López-Pousa
S. Quality of life of patients with Alzheimer’s disease: Differential perceptions
between spouse and adult child caregivers. Dement Geriatr Cogn Disord
2010;29(2):97-108.
Oliva-Moreno J, Trapero-Bertran M, Peña-Longobardo LM, del Pozo-Rubio R.
The valuation of informal care in cost-of-illness studies: A systematic review.
Pharmacoeconomics 2017;35(3):331-45.
Krol M, Papenburg J, van Exel J. Does including informal care in economic
evaluations matter? A systematic review of inclusion and impact of informal
care in cost-effectiveness studies. Pharmacoeconomics 2015;33(2):123-35.
Oliva-Moreno J, Peña-Longobardo LM, García-Mochón L, del Río Lozano
M, Mosquera Metcalfe I, García-Calvente MdM. The economic value of time
of informal care and its determinants (The CUIDARSE Study). PLoS One
2019;14(5):e0217016.
Nichols E, Szoeke CE, Vollset SE, et al. Global, regional, and national burden of
Alzheimer’s disease and other dementias, 1990–2016: A systematic analysis for
the Global Burden of Disease Study 2016. Lancet Neurol 2019;18(1):88-106.
2018 Alzheimer’s disease facts and figures. Alzheimers Dement 2018;14(3):367429.
Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med
2004;256(3):183-94.
Gillespie P, O’Shea E, Cullinan J, et al. Longitudinal costs of caring for people
with Alzheimer’s disease. Int Psychogeriatr 2015;27(5):847-56.
Wimo A, Reed CC, Dodel R, et al. The GERAS study: A prospective
observational study of costs and resource use in community dwellers with
Alzheimer’s disease in three European countries - Study design and baseline
findings. J Alzheimers Dis 2013;36(2):385-99.
Reed C, Belger M, Scott Andrews J, et al. Factors associated with longterm impact on informal caregivers during Alzheimer’s disease dementia
progression: 36-month results from GERAS. Int Psychogeriatr 2020;32(2):26777.
Gerrard L. Women’s unpaid dementia care and the impact on employment
Alzheimer’s Society, 2020. https://www.alzheimers.org.uk/sites/default/
files/2020-04/Womens-unpaid-dementia-care-and-the-impact-onemployment.pdf. Accessed 15 November 2020.
Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Using
clinical studies as vehicles for economic evaluations. Methods for the
economic evaluation of health care programmes. Oxford: Oxford University
Press; 2015. p. 267-310.
Inflation (CPI) (indicator) [Internet]. 2020 [cited 5 November 2020oecd].
Brazier J, Ratcliffe J, Saloman J, Tsuchiya A. Measuring and valuing health
benefits for economic evaluation. 2017. Oxford university press, Oxford.
Dodel R, Belger M, Reed C, et al. Determinants of societal costs in Alzheimer’s
disease: GERAS study baseline results. Alzheimers Dement 2015;11(8):933-45.
Rapp T, Andrieu S, Chartier F, et al. Resource use and cost of Alzheimer’s
disease in France: 18-month results from the GERAS observational study.
Value Health 2018;21(3):295-303.
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.
Lenox-Smith A, Reed C, Lebrec J, Belger M, Jones RW. Resource utilisation,
costs and clinical outcomes in non-institutionalised patients with Alzheimer’s
disease: 18-month UK results from the GERAS observational study. BMC
Geriatr 2016;16(1):195.
Boess FG, Lieb M, Schneider E, Zimmermann TM, Dodel R, Belger M. Costs

COST COMPONENTS OF ALZHEIMER’S DISEASE

29.
30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

due to Alzheimer’s disease in Germany - Recent results of the observational
GERAS study. Gesundheitsokonomie und Qualitatsmanagement
2016;21(5):232-41.
Bruno G, Mancini M, Bruti G, Dell’Agnello G, Reed C. 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.
Olazarán J, Agüera-Ortiz L, Argimón JM, et al. Costs and quality of life in
community-dwelling patients with Alzheimer’s disease in Spain: Results from
the GERAS II observational study. Int Psychogeriatr 2017;29(12):2081-93.
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.
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). J Alzheimers Dis 2020;75(2):437-50.
Coduras A, Rabasa I, Frank A, et al. Prospective one-year cost-of-illness study
in a cohort of patients with dementia of Alzheimer’s disease type in Spain: The
ECO study. J Alzheimers Dis 2010;19(2):601-15.
Salva A, Frank-Garcia A, Lereun C, Gimeno V, Milea D, Bineau S. 12-month
cost of illness study of moderate Alzheimer’s disease patients in Spain: The
evocost study. Value Health 2012;15(7):A549.
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-Dependence study in Spain. Eur J Health Econ 2015;16(8):895-905.
Darbà J, Kaskens L. Relationship between patient dependence and direct
medical-, social-, indirect-, and informal-care costs in Spain. Clinicoecon
Outcomes Res 2015;7:387-95.
Gillespie P, O’Shea E, Cullinan J, et al. The effects of dependence and function
on costs of care for Alzheimer’s disease and Mild Cognitive Impairment in
Ireland. Int J Geriatr Psychiatry 2013;28(3):256-64.
Gustavsson A, Brinck P, Bergvall N, et al. Predictors of costs of care in
Alzheimer’s disease: A multinational sample of 1222 patients. Alzheimers
Dement 2011;7(3):318-27.
Jia J, Wei C, Chen S, et al. The cost of Alzheimer’s disease in China and
re-estimation of costs worldwide. Alzheimers Dement 2018;14(4):483-91.
Yan X, Li F, Chen S, Jia J. Associated factors of total costs of Alzheimer’s
disease: A cluster-randomized observational study in China. J Alzheimers Dis
2019;69(3):795-806.
Gervès C, Chauvin P, Bellanger MM. Evaluation of full costs of care for
patients with Alzheimer’s disease in France: The predominant role of informal
care. Health Policy 2014;116(1):114-22.
Reese JP, Heßmann P, Seeberg G, et al. Cost and care of patients with
Alzheimer’s disease: Clinical predictors in german health care settings. J
Alzheimers Dis 2011;27(4):723-36.
Mesterton J, Wimo A, By A, Langworth S, Winblad B, Jönsson L. Cross
sectional observational study on the societal costs of alzheimer’s disease. Curr
Alzheimer Res 2010;7(4):358-67.
Michaud TL, High R, Charlton ME, Murman DL. Dependence stage and
pharmacoeconomic outcomes in patients With Alzheimer disease. Alzheimer
Dis Assoc Disord 2017;31(3):209-17.
Zhu CW, Sano M, Ferris SH, Whitehouse PJ, Patterson MB, Aisen PS. Healthrelated resource use and costs in elderly adults with and without Mild
Cognitive Impairment. J Am Geriatr Soc 2013;61(3):396-402.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

56.
57.

58.

59.

60.

61.

370

Ton T, DeLeire, T., May, S. G., Hou, N., Tebeka, M. G., Chen, E., Chodosh,
J. The financial burden and health care utilization patterns associated with
amnestic Mild Cognitive Impairment. Alzheimers Dement 2017;13(3):217-24.
Brixner DI, McAdam-Marx C, Van Den Bos J, Perlman D. Cost one year post
diagnosis for Alzheimer patients and their spouses vs. matched controls. J Am
Geriatr Soc 2010;58:S53.
Brixner D, McAdam-Marx C, Perlman D, Bos JVD. Approach to matching
Alzheimer`s disease patients and their spouses to assess caregiver burden in
an administrative claims database. Value Health 2010;13.
Suehs BT, Shah SN, Davis CD, et al. Household members of persons with
Alzheimer ’s disease: Health conditions, healthcare resource use, and
healthcare costs. J Am Geriatr Soc 2014;62(3):435-41.
Gilden DM, Kubisiak JM, Kahle-Wrobleski K, Ball DE, Bowman L. Using U.S.
Medicare records to evaluate the indirect health effects on spouses: A case
study in Alzheimer’s disease patients. BMC Health Serv Res 2014;14:291.
Lacey LA, Niecko T, Leibman C, Liu E, Grundman M. Association between
illness progression measures and total cost in Alzheimer’s disease. J Nutr
Health Aging 2013;17(9):745-50.
Wimo A, Jonsson L, Zbrozek A. The Resource Utilization in Dementia (RUD)
instrument is valid for assessing informal care time in community-living
patients with dementia. J Nutr Health Aging 2010;14(8):685-90.
Wimo A, Gustavsson A, Jönsson L, Winblad B, Hsu MA, Gannon B.
Application of Resource Utilization in Dementia (RUD) instrument in a global
setting. Alzheimers Dement 2013;9(4):429-35.e17.
Sano M, Zhu CW, Whitehouse PJ, et al. ADCS Prevention Instrument Project:
pharmacoeconomics: assessing health-related resource use among healthy
elderly. Alzheimer Dis Assoc Disord 2006;20(4 Suppl 3):S191-202.
Deb A, Sambamoorthi U, Thornton JD, Schreurs B, Innes K. Direct medical
expenditures associated with Alzheimer’s and Related Dementias (ADRD) in
a nationally representative sample of older adults - An excess cost approach.
Aging Ment Health 2018;22(5):619-24.
2011 Alzheimer’s disease facts and figures. W V Med J 2011;107(3):82-3.
Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of Mild Cognitive
Impairment due to Alzheimer’s disease: Recommendations from the National
Institute on Aging-Alzheimer ’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimers Dement 2011;7(3):270-9.
McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of dementia
due to Alzheimer’s disease: recommendations from the National Institute
on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimer’s & dementia : the journal of the Alzheimer’s
Association 2011;7(3):263-9.
Weiner MW, Veitch DP, Aisen PS, et al. 2014 Update of the Alzheimer ’s
Disease Neuroimaging Initiative: A review of papers published since its
inception. Alzheimer’s & dementia : the journal of the Alzheimer’s Association
2015;11(6):e1-e120.
Cavedo E, Lista S, Khachaturian Z, et al. The Road Ahead to Cure Alzheimer’s
Disease: Development of Biological Markers and Neuroimaging Methods
for Prevention Trials Across all Stages and Target Populations. The journal of
prevention of Alzheimer’s disease 2014;1(3):181-202.
Sabbagh MN, Boada M, Borson S, et al. Early Detection of Mild Cognitive
Impairment (MCI) in Primary Care. J Prev Alzheimers Dis 2020;7(3):165-70.

