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Abstract: Background: Recent advances open the opportunity of altering the course of Alzheimer’s disease (AD) through lifestylebased modifications and novel therapies. Ensuring that society is investing limited budgets in the interventions that have the greatest
potential to generate tangible impact will require tools to guide policymakers. Objectives: To build on previous studies to develop
an economic model that estimates the societal burden of AD and evaluates the potential impact of novel interventions in six large
European countries. Design: AD progression was modelled using a published Markov structure with a 40-year time horizon to
estimate lifetime costs and life years in a cohort aged 65 years and above diagnosed with mild cognitive impairment due to AD (MCIAD) in 2020. Demographic projections were utilized to estimate the prevalence of MCI-AD up to 2100, total corresponding costs and
life years. The model allows a comparison of costs associated with the introduction of a hypothetical new disease-modifying therapy
that slows disease progression between MCI-AD and all AD-Dementia stages as well as a ‘delayed onset’ scenario where disease
progression is halted at the MCI-AD stage, potentially occurring, for example, through lifestyle-based modifications. Results: The
2022 present value of total lifetime costs for this cohort moving through all disease stages is ~€1.2T. Approximately 80% of the present
value of lifetime costs in our model are driven by informal care and non-medical direct costs. Our model suggests that a 25% and 50%
reduction in disease progression compared to natural history could translate into a present value of cost savings of €33.7B and €72.7B.
Halting MCI-AD progression for 3 years with no therapeutic effect thereafter resulted in a present value cost savings of €84.7B in
savings. Conclusions: Our data further suggest that early intervention via disease-modifying therapies or lifestyle-based
modifications in AD could result in cost savings for society. Additionally, our findings reinforce the importance of accounting for
the full value of innovative interventions, management and care paradigms, including their potential impact on direct, indirect and
intangible costs impacting patients, their care partners and health and social care systems.
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Introduction

history and struggle with communication, orientation,
sleep and performing simple activities of daily living
(ADLs), such as toileting and bathing. By the severe
stage of the disease, patients have limited awareness of
their surroundings and often lose their ability to speak,
walk, sit and even swallow. Each stage of AD intensifies
a patient’s level of dependence on health and social care
systems, and, most notably, informal care partners, such
as family and friends, who are often compelled to make
great sacrifices in their personal and professional lives to
support their loved ones. Moreover, AD and other forms
of dementia are among the top 10 causes of death globally
(4).
Current pharmacological treatments for AD only
alleviate symptoms and do not address the underlying
disease pathology or delay disease progression (5).
Nonetheless, several advances are changing the way
researchers and care practitioners think about the
diagnoses, treatment and management of AD.
For example, recent studies have provided a deeper
understanding of the modifiable risk factors that could
form the basis of lifestyle-based interventions to delay

Alzheimer’s disease (AD) is a progressive
neurodegenerative disorder that is increasingly
understood in terms of a pathologic continuum with
symptoms, impact on quality of life, and overall burden
progressing at each stage of the disease (1-3). After a
long asymptomatic preclinical period, patients enter a
mild cognitive impairment due to AD (MCI-AD) stage,
characterized by mild but noticeable issues with memory
and thinking. The disease then progresses through a mild
stage of dementia, where patients will also exhibit severe
lapses in memory, mild language problems and social
withdrawal. As patients progress through the moderate
stage of dementia, they begin to forget their own personal
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or prevent AD (4, 6-8), as well as the clinical validity
and utility of a growing base of biomarkers associated
with each stage of the disease (4, 9). Moreover, over
80% of the pharmacological agents in clinical trials are
disease-modifying treatments (DMT) that target the
underlying biology of AD (10). These potential levers of
action create an opportunity to alter the course of AD
through prevention, early diagnosis and novel therapies,
ultimately alleviating the tremendous burden it creates
on patients, their care partners, health and social care
systems and wider society. Ensuring that society is
investing finite budgets in the interventions that have the
greatest potential to generate tangible impact will require
tools to guide policymakers.
Several economic models have been developed that
have the potential to support AD policy decisions and
investments, including those developed by Alzheimer’s
Disease International and the Alzheimer’s Association
(11-14). Of particular note, Cimler et al. (2019), recently
simulated expected AD costs in the EU-28 until
2080, while also assessing the potential impact of the
introduction of DMTs at various stages of the AD
continuum (14). Similarly, Mukadam et al. (2020) recently
evaluated the impact of preventative interventions
(targeting hypertension, reducing smoking, providing
hearing aids) on costs and dementia prevalence in the UK
(15).
Building on this foundational work, we have
developed an economic model that quantifies the present
value of AD-related care costs and life years in the
community and institutional settings across every stage of
the disease. We focused on six large European countries
with readily available data to estimate a pan-European
total. Model results are shown for a base case using
no intervention, two scenarios exploring the effect of
reducing disease progression between the MCI-AD and
AD-Dementia stages using a hypothetical DMT, and a
final scenario that estimates the impact of halting disease
progression at the MCI-AD stage for 3 years; the latter
could be considered to be a hypothetical ‘delayed onset’
scenario, potentially occurring through lifestyle-based
modification. Collectively, our analyses aim to explore
the potential value of early intervention under different
scenarios.

institutional settings. We have expanded this structure
using Visual Basic for Application to update the cohort’s
starting age in annual increments, up to the age of 100
years, and the sum discounted costs and life years. The
resulting estimates are the present value of the lifetime
AD-related costs and life years for a cohort of individuals
between the ages of 65 and 100 years with prevalent MCIAD in 2022.
We have utilized publicly available demographic
projections for France, Germany, Italy, Spain, Sweden,
and the UK from 2022 to 2100 to inform the size of a
similar cohort in subsequent annual model iterations
(17, 18). The prevalence of mild cognitive impairment
(MCI) from any cause was calculated by multiplying the
number of individuals in the general population by age
specific prevalence figures (19). We assumed that 75% of
all cases of MCI were due to AD (20).
The model allows a comparison of costs associated
with the current standard of care (SoC) for people with
AD to a hypothetical new DMT that slows disease
progression between MCI-AD and all AD-Dementia
stages by an assumed 25% and 50%, as well as a ‘delayed
onset’ scenario where disease progression is halted at
the MCI-AD stage for 3 years. We have assumed that
this treatment would remain effective in the long-term
and that it would not be associated with any treatment
discontinuation. AD-Dementia stages include mild,
moderate, and severe dementia.
Costs and life years were discounted at a 3% rate after
the first annual cycle (21). Published costs were inflated to
Euros 2021 using country-specific consumer price indices
for health services (22-28) and currency conversion rates
(29, 30). Details on the prevalence inputs are available in
Table 2 of the Supplemental Materials.

Natural History
All individuals are presented in the model as starting
in the MCI-AD state and may transition to the mild,
moderate, or severe AD states in subsequent cycles. In
the absence of a European publication reporting the
probability of progressing from MCI-AD to AD-Dementia
and the distribution of progressed people falling in the
mild, moderate or severe AD states, data from an analysis
of the US National Alzheimer’s Coordinating Center
(NACC) was used to inform these model inputs (31).
Transitions between AD-Dementia states were informed
by an analysis of the Swedish Dementia Registry (32). The
authors defined cognitive impairment using Mini-Mental
State Examination (MMSE) scores of 21-30 for mild AD,
10 to 20 for moderate AD, and 0 to 9 for severe AD.
Transitions back to states of lower AD severity were not
assumed to occur.

Methods
Model Specification/Mechanics
We have developed an analytical model in Microsoft
Excel (Microsoft, Redmond, Washington, US) simulating
AD progression in a cohort with prevalent MCI-AD.
Alzheimer’s disease progression was modelled using
a published Markov structure (16) which allowed the
estimation of costs and life years in a cohort of 65 years
old individuals, over a 40-year time horizon throughout
the full spectrum of the disease in both community and

Institutionalization
The likelihood of becoming institutionalized was
sourced from an analysis of NACC data published
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by Davies and colleagues (33). The prevalence of
institutionalization was conditional on AD severity and
included an estimate for people at the MCI-AD stage
(please see Table 3 in Supplementary Materials).

reported on the same number of categories, the one
with the most robust methodology was selected, with
prospective, large-sampled studies being preferred.
The exception to the above criteria occurred when
selecting the source of informal care costs for Spain.
Darbà and colleagues reported costs for communitybased individuals at all AD severities (45). Nonetheless,
reported costs were 2 to 5 times higher than the similar
burden of disease publications in Spain (46, 47). As an
example, indirect costs associated with individuals at
the severe AD stage were in excess of €105,000 annually,
which is substantially above the national average
salary in Spain (€44,968) (48) and much higher than the
value reported for other European countries in similar
publications. We have alternatively assumed that
informal care costs in people with MCI-AD were 45% of
those for people with mild AD (49). Data were mostly
missing for people at the MCI-AD stage, particularly
for the informal care costs category. Direct medical (e.g.
medication, hospitalization), direct non-medical costs
(e.g. community and social services, residential care), and
informal care costs (e.g. productivity losses of informal
caregivers) associated with individuals with MCI-AD
in an institutional care setting were not reported in the
literature for any of the European countries included in
the analysis. For each country, we have assumed these
costs would be identical to the equivalent costs for people
with mild AD who were also institutionalized.
Published direct medical costs, direct non-medical
costs and informal care costs for people with MCI-AD
living in the community were only identified for Spain
(45). For the remaining countries, these inputs were
derived from the values for people with mild AD in
the same country and cost category. These values were
adjusted for MCI-AD by extrapolating from a study by
Robinson and colleagues who reported that people with
MCI-AD had 14.75%, 45.96% and 54.76% lower direct
medical, direct non-medical, and informal care costs than
people with mild AD, respectively (49).
Informal care costs associated with institutionalized
people with mild AD in Sweden and Spain were
extrapolated from Prince et al., 2014 (50). In his
publication, Prince reported informal care costs for people
with mild AD to be 63.22% lower than for people with
moderate AD who were also institutionalized (50).
For France, Germany, and Italy informal care
costs associated with institutionalized people with
AD-Dementia were also not available from the literature.
These values were calculated using a foregone wage
approach under the assumption that care partners would
visit relatives 3 hours weekly, over 52 weeks. Each hour
was valued using country-specific average wages (48).
Selected cost inputs, disaggregated by AD severity and
type of cost are shown in Table 4 of the Supplemental
Materials.

Mortality
Transition to death was possible from any health
state in the model. The annual probability of death in
people with AD was calculated by applying the hazard
ratios (HR) of MCI-AD (34) or AD-Dementia (35) excess
mortality to the annual mortality rates in the general
population. Age and gender-specific mortality estimates
for the general population were sourced from publicly
available life tables for each country (36-41). The inputs
utilized to model the natural history of AD, along with
their respective sources can be found in Table 3 of the
Supplemental Materials.

Treatment Effect
To assess the economic consequences of a hypothetical
DMT, a 25% or 50% reduction in transitions between
MCI and all AD-Dementia states was applied to the
new treatment comparator. This DMT is assumed to
be administered continuously over the lifetime time
horizon. In a separate scenario, we have also assessed the
economic consequences of a lifestyle-based ‘preventive’
strategy that would interrupt MCI-AD progression for
3 years and would have no therapeutic effect thereafter.
The scenarios are comparable to those used in other
studies such as Cimler et al. 2019 (14).

Costs Literature Search Strategy
A targeted literature search was conducted to identify
direct medical, non-medical and informal care costs for all
severities of AD for people residing in the community or
institutional care settings. We relied on multiple sources
including: 1) A review of the references included in recent
review papers focused on AD costs (42-44).; 2) the outputs
of unpublished systematic literature reviews covering
AD cost studies over the period of January 2000 to April
2020; 3) a targeted search of PubMed using search terms
related to AD (e.g. “Alzheimer*”, “dementia”, “mild
cognitive impairment”) and costs (e.g. “healthcare costs”,
“healthcare economics”, “health expenditure”) was also
conducted to identify any recent reports published in
2020/2021; 4) general internet searches and reviews of
websites of relevant government and non-government
organizations for information related to AD costs.

Selection of Cost Inputs and Cost Calculations
After reaching saturation in the targeted literature
search, publications providing costs for most cost
categories were prioritized for inclusion. If publications
40
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Figure 1
Forecasted pan-European prevalence of MCI-AD from 2022 to 2100

Figure 2
Present value of the lifetime AD-related costs by cost type for a cohort of patients aged 65 and over with prevalent
MCI-AD in 2022

Results

both costs and life years for a cohort aged 65 years and
over.
We estimate that the pan-European prevalence of MCIAD in 2022 is 8.2M (see Figure 1). Figure 2 illustrates the
present value of costs for this 2022 cohort, broken down
by disease stage and type of cost (i.e. direct medical,
direct non-medical, informal). In the absence of any
intervention, the present (2022) value of total lifetime
costs for this cohort moving through all disease stages
is ~€1.2T. Our model predicts that approximately 43%
(€507B) of the total present value of these costs is driven
by patients with MCI-AD with the remainder due to
patients in AD-Dementia stages (€665.6B). Importantly,
echoing the relatively small contribution of direct medical
costs in AD (43), approximately 80% of the present value
of lifetime costs in our model are driven by informal care
and non-medical direct costs (see Figure 2).
To explore the impact of changing demographics
on future AD burden, we used published population
projections to estimate the future prevalence of MCI-

Model Outputs
In this study, we have estimated the present value of
the lifetime AD-related costs and life years for a cohort
of individuals aged 65 years and over with prevalent
MCI-AD across six European countries. Below we present
aggregate ‘pan-European’ data for these six countries to
estimate a pan-European model. Country-level data can
be found in the Supplementary Materials along with data
on the US and Canada for comparison.
Published age-specific MCI-AD prevalence rates
were used to calculate the size of the cohort with MCIAD. We then used a published Markov model structure
to replicate the natural history of AD to model the
progression of this cohort through the AD continuum
over time (see Methods). Total costs and life years
were then calculated for the lifetime of the cohort and
discounted at a rate of 3% to produce a present value of
41
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Figure 3
Present value of the lifetime AD-related costs and life years for a cohort of patients aged 65 years and over with
prevalent MCI-AD up to 2100

Figure 4
Three scenarios reducing disease progression and delaying disease onset on the present value of the lifetime
AD-related costs for a cohort aged 65 years and over with prevalent MCI-AD in 2022

AD and repeated the above-described analysis for every
year up to 2100. In the absence of any interventions, the
prevalence of MCI-AD is expected to increase by 72% by
2100, reaching approximately 14.1M people (see Figure 1).
Figure 3 depicts the present (2022) value of lifetime costs
and life years for a cohort aged 65 years and over starting
at selected time points up until the year 2100, for both
MCI-AD and AD-Dementia stages. The latter aggregates
mild, moderate, and severe AD stages for presentation
purposes. Notably, driven by the increased prevalence
of MCI-AD, the total pan-European present value of
AD-related costs is expected to increase by approximately
40% to €1.6T in 2100.

new DMT or potentially preventative lifestyle-based
modifications.
To assess the economic consequences of a hypothetical
DMT, we explored the impact of slowing disease
progression between MCI and all AD-Dementia stages by
an assumed 25% and 50%. Table 1 present the impact of
these two scenarios on the present value of costs and life
years for MCI-AD and AD-Dementia stages at select time
points up to the year 2100. Figure 4 visually illustrates
the impact of these two scenarios on the present value
of costs associated with the 2022 cohort described above.
Reducing disease progression rates increases the relative
life years, and hence costs, associated with MCI-AD,
in which patients are relatively more independent and
have a higher quality of life compared to the more severe
stages of the disease, while simultaneously decreasing the
number of life years and associated costs of AD-Dementia

Exploring the Impact of Early Intervention
Our model allows for the assessment of the potential
impact of early intervention with a hypothetical
42
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Table 1
Three scenarios assessing the impact of reducing disease progression and delaying disease onset on the present value
of the lifetime AD-related costs annually up to the year 2100
Year

2022

2040

2060

2080

2100

Intervention

MCI-AD Costs
Cost
(€B)

AD-Dementia Costs

Difference (vs
No Intervention)

Cost
(€B)

Total Costs

Difference (vs
No Intervention)

Cost
(€B)

Difference (vs No
Intervention)

No Intervention

507

-

666

-

1173

-

25% Reduction in Progression

594

17%

546

-18%

1139

-3%

50% Reduction in Progression

701

38%

400

-40%

1100

-6%

3 Year Delay in MCI-AD Progression

735

45%

353

-47%

1088

-7%

No Intervention

678

-

858

-

1536

-

25% Reduction in Progression

791

17%

702

-18%

1493

-3%

50% Reduction in Progression

931

37%

513

-40%

1444

-6%

3 Year Delay in MCI-AD Progression

981

45%

447

-48%

1428

-7%

No Intervention

723

-

859

-

1582

-

25% Reduction in Progression

838

16%

702

-18%

1540

-3%

50% Reduction in Progression

980

36%

512

-40%

1491

-6%

3 Year Delay in MCI-AD Progression

1038

44%

436

-49%

1474

-7%

No Intervention

740

-

870

-

1610

-

25% Reduction in Progression

857

16%

710

-18%

1567

-3%

50% Reduction in Progression

1000

35%

518

-41%

1518

-6%

3 Year Delay in MCI-AD Progression

1061

43%

439

-50%

1500

-7%

No Intervention

769

-

876

-

1645

-

25% Reduction in Progression

888

15%

714

-19%

1602

-3%

50% Reduction in Progression

1033

34%

519

-41%

1553

-6%

3 Year Delay in MCI-AD Progression

1100

43%

435

-50%

1535

-7%

stages. Nonetheless, our model suggests that the increase
in costs associated with MCI-AD is offset by savings due
to a reduction of time and costs spent in the AD-Dementia
stages, which translates into overall cost savings of €33.7B
and €72.7B for 2022 for the 25% and 50% reduction in
progression scenarios (see Table 1); in percentage terms,
this translates to costs savings of ~3% and ~6% for 2022,
respectively; however, our analysis does not factor in the
acquisition costs of a DMT.
We also conducted a separate scenario to understand
the economic consequences of halting MCI-AD
progression for 3 years (with no therapeutic effect
thereafter) through a potential lifestyle-based intervention
program. The outputs of this scenario are comparable to
the 50% reduction in disease progression described above
(see Table 1 and Figure 4). Overall cost savings of €84.7B
in savings in 2022 are predicted in this scenario, which
translates to cost savings of ~7%.

receiving a diagnosis of MCI-AD in 2022. We project
these modelled outcomes into the future accounting for
expected demographic changes and also explore the
potential economic impact of hypothetical interventions.
Below we discuss the implications of our results, review
our approach and its associated strengths and limitations,
and close with recommendations for future research.

The Burden of AD
Our results predict that the expected present value
of the lifetime AD-related costs for a cohort aged 65
years and older with prevalent MCI-AD in 2022 is €1.2T
across the six European countries examined—a figure
comparable to the gross domestic product of Spain (51).
In line with previous studies, direct medical costs to the
healthcare system only represent ~20% of total costs,
with social and informal care sectors instead shouldering
most of the burden. Moreover, our results suggest that a
significant component of the total costs of AD is due to
MCI-AD (43% of total costs), primarily due to life years
in the MCI-AD stage being close to double the life years
in the AD-Dementia stage (see Figure 3). As noted above,

Discussion
This study estimates the lifetime value of AD-related
costs for a cohort of patients aged 65 years or older
43
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estimating the precise prevalence and costs associated
with MCI-AD is challenging, yet several studies have
found that the costs are elevated in MCI-AD stages and
that costs can begin to rise many years prior to an official
diagnosis of AD (43, 52, 53). For example, using records
from the Danish National Patient Registry, increased
healthcare costs were identified in patients as early as
10 years prior to a diagnosis of AD (54). As recently
argued, the observation of increased costs in MCI-AD
or preclinical stages is in line with the thinking that AD
is a pathological continuum and that such costs may be
substantial and ‘hidden’ from economic estimates of the
burden of AD (43).

modifications (58, 59).
Interestingly, our modelling approach, which focused
on economic costs, may underestimate the burden on
society and potential value that an effective intervention
could bring. For example, recent studies have explored
what actually matters to patients and their care partners
and what could constitute a meaningful delay in disease
progression from their perspective (1, 55, 56). These
studies have found that ‘humanistic’ impacts of the
disease in areas such as independence, emotions, mood
and social lives, which deteriorate in advanced disease
stages, are important considerations for patients and
their loved ones (44, 55). This suggests that a treatment
that prolongs an individual’s stay in earlier, less severe
disease stages could bring significant benefits beyond
monetary cost savings.

The Impact of Early Interventions, Including
Potential Lifestyle-Based Modifications and
DMTs

Strengths and Limitations of Our Approach

Several studies have identified modifiable risk
factors for AD, such as physical inactivity, smoking,
and hypertension, raising the intriguing possibility of
preventing or delaying AD cognitive decline and
dementia through behavioral or lifestyle-based changes;
for example, the Lancet Commission recently suggested
that up 40% of global dementia cases could potentially
be delayed or prevented by interventions targeted at
identified 12 modifiable risk factors (7). Moreover,
multidomain lifestyle-based modification trials have
shown that such interventions can result in cognitive
benefits in individuals with a higher risk of dementia (8).
In line with this emerging body of evidence, the WHO
has released guidelines on risk reduction of cognitive
decline and dementia and provides evidence-based
recommendations on lifestyle-based behaviours and
interventions (57).
There has been growing interest in understanding the
potential economic impact of such interventions (15).
For example, one study found that savings of US$110
billion could potentially be realized from a 10% reduction
in four risk factors (high body-mass index, diabetes,
hypertension, and cardiovascular diseases). Similarly,
Mukadam et al. (2020) recently found that preventative
interventions (targeting hypertension, reducing smoking,
providing hearing aids) could save almost £2 billion
annually in England and reduce dementia prevalence by
8.5%. Our results are in line with these findings (15).
Our data further suggest that early intervention
with a hypothetical DMT that either reduces or delays
progression from MCI-AD stages to AD-Dementia
could result in significant cost savings for society. This
finding is in line with those of Cimler et al. (2019),
who demonstrated that prolonging the stay of ‘not-yet
patients’ in the MCI-AD stage could result in substantial
cost savings (14). Collectively, our findings provide
support for a growing body of literature highlighting
the importance of early detection and intervention in
AD via potential DMTs or lifestyle-based behavioral

As outlined above, we started with a cohort with
prevalent MCI-AD in an attempt to model all transitions
according to the natural history of the disease. This
approach, therefore, estimates the population-level
lifetime costs across the AD continuum. Moreover, by
combining demographic projections and AD progression
modelling, our study incorporates the consequences of
changing demographics in several European countries.
From a policy perspective, we believe that this is an
informative analysis as it represents the total costs of AD
associated with the entire cohort of people across the
entire disease continuum.
We also include the costs of MCI-AD in our analysis
in contrast to existing reports that focus primarily on
AD-Dementia (11, 13, 60). We believe that including
MCI-AD is important given the emerging evidence that
elevated costs associated with AD can occur several
years prior to diagnosis (discussed further below) and
due to the change in the medical paradigm emphasizing
diagnosis and treatment at the preclinical and prodromal
stages of AD (61). However, uncertainty exists around
the true estimates of the prevalence of MCI-AD, which
is a limitation of this and other epidemiological models.
Another weakness of our analysis is the number of
assumptions required to estimate cost inputs for people
at the MCI-AD stage and costs associated with informal
care in the institutional setting (see Methods). This results
from major gaps in the available literature which will
hopefully be addressed by future research. Nonetheless,
the current approach accounts for the effects of age
on the natural history of AD by utilizing age-specific
inputs to calculate the current and projected prevalence
of AD in the entire country’s population and to predict
AD-severity progression. It also allows modeling
mortality more naturally, as the excess AD mortality is
applied to general population age-death rates. In our
view, these are the strengths of the analysis contributing
to greater precision in our estimates.
44
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Comparisons of the absolute results of our analysis to
those from other studies should consequently be made
with caution given the different methodologies used.
Firstly, unlike other published reports, we have included
estimates of the costs associated with MCI-AD. Secondly,
we model AD progression departing from the MCI-AD
stage diagnosed at the ages of 65 and above, and report
lifetime costs for the cohort. Deriving an annual average
cost using our results would depend on the selected
denominator (life years lived, analysis time horizon)
and would probably differ from annual cross-sectional
estimates produced by models assuming a fixed onset of
disease. Ultimately, the effect of age-specific and excess
AD-related mortality on our cohort’s survival produces
age and severity adjusted costs of AD that will differ from
other modeling strategies. The decision lies on researchers
and policymakers to reflect on the various modelling
tools available and leverage the methodology most suited
to their needs.

Recommendations for Future Research
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