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ARTICLE INFO ABSTRACT

Keywords: Objectives: Estimating the fiscal consequences of Alzheimer’s disease (AD) on patients and informal carers using a
Alzheimer disease UK public economic perspective.
Dementia

Methods: A simulated cohort of 1,000 pairs of people with AD and informal carers was compared with 1,000
demographically identical pairs in the general population. Both cohorts enter the model at the mean age of mild
cognitive impairment onset. Time to AD onset was based on the literature and AD progression was modelled
using published equations and a state-transition microsimulation. Labour participation, financial support, and
paid taxes were linked to cognitive decline and caregiving needs using UK labour statistics and tax rates.
Healthcare costs were based on published literature. Future costs and life-years were discounted at 3.5%. Results
were reported as incremental differences in total tax revenue, financial support, and healthcare costs, over the
AD continuum, between cohorts affected and unaffected by AD.

Results: Each AD-affected pair was associated with estimated incremental fiscal losses of £73,749 to the UK
government. Financial support and healthcare costs were responsible for 59.3% and 22.2% of AD’s fiscal burden,
respectively. Total lost tax revenue due to PwWAD and carers’ reduced earnings represented 18.5% of total
government losses. Sensitivity analyses confirmed the robustness of the results. Assuming mild cognitive
impairment onset at age 60 let to incremental fiscal losses of £141,323 per AD-affected pair. Fiscal costs for entire
UK population with AD were predicted to be £16 billion annually.

Conclusions: Alzheimer’s disease strongly impacts UK’s public economy and should be considered to inform
healthcare policymaking.

Cost of illness
Fiscal policy
Financial support
Microsimulation

Introduction disease (AD) is the most common cause of dementia (Prince, 2014, Cao

et al., 2020). The prevalence of AD has been historically higher among

The prevalence of dementia worldwide has more than doubled in the
last 30 years and the trend is expected to continue (Nichols et al., 2019,
Cao et al., 2020). In the UK, about 850 thousand cases of dementia were
estimated in 2015 (NHS England, 2021). Published projections predict
prevalence to increase 80.1 % by 2040, with severe dementia accounting
for more than 67.0 % of cases (Wittenberg et al., 2019a). Alzheimer’s

women and in developed countries (Nichols et al., 2019, Cao et al.,
2020, Niu et al., 2017). In the UK, 62.0 % of dementia cases are esti-
mated to be related to AD (Prince, 2014).

Dementia progressively decreases cognitive function and autonomy
in daily life activities, mostly affecting elderly adults (Alzheimer’s As-
sociation, 2020). People with dementia become highly dependent on

Abbreviations: AA, Attendance Allowance; AD, Alzheimer’s disease; ADL, Activities of Daily Living; CA, Carer’s Allowance; ESA, Employment and Support
Allowance; HR, hazard ratio; INC, Incremental Net Consequence; MCI, mild cognitive impairment; MCI-AD, mild cognitive impairment due to Alzheimer’s disease;
MMSE, Mini-Mental State Examination; NHS, National Health Service; NPV, Net Present Value; OWSA, one-way sensitivity analysis; PIP, Personal Independence
Payment; PwAD, people/person with Alzheimer’s disease; SD, standard deviation; SPA, state pension age; UK, United Kingdom.

* Corresponding author at: Global Market Access Solutions, St-Prex 1162, Switzerland.

E-mail address: mark@gmasoln.com (M.P. Connolly).

https://doi.org/10.1016/j.jeoa.2022.100413

Available online 17 September 2022

2212-828X/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:mark@gmasoln.com
www.sciencedirect.com/science/journal/2212828X
https://www.elsevier.com/locate/jeoa
https://doi.org/10.1016/j.jeoa.2022.100413
https://doi.org/10.1016/j.jeoa.2022.100413
https://doi.org/10.1016/j.jeoa.2022.100413
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jeoa.2022.100413&domain=pdf
http://creativecommons.org/licenses/by/4.0/

A.T. Paquete et al.

Simulation starts I

MCI-AD
AD-dementia onset -~} v T

The Journal of the Economics of Ageing 23 (2022) 100413

Fig. 1. Model structure. AD, Alzheimer’s
disease; ADL, Activities of Daily Living; MCI-
AD, mild cognitive impairment due to Alz-
heimer’s disease; MMSE, Mini-Mental-State-
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carers as the disease progresses (Alzheimer’s Association, 2020, Alz-
heimer Europe, 2019, Prince, 2014). In 2015, 540,000 people were
deemed to provide dementia-related informal care in the UK (NHS En-
gland, 2021). Informal care, mostly provided by family members, has a
major importance as most people with dementia live in the community
(El-Hayek et al., 2019, Lenox-Smith et al., 2016, Wimo et al., 2013, Reed
et al., 2017).

In high income countries, 37.9 % of dementia costs were related to
informal care costs with direct social and health care costs accounting
for 43.1 % and 19.0 % of overall costs, respectively (Prince, 2015). In
England, total annual costs of dementia were estimated at £24.2 billion
in 2015, of which unpaid care represented £10.1 billion and £3.8 billion
that were related to healthcare costs (Wittenberg et al., 2019b). It is
estimated that 39.4 % of overall social care costs are funded by the
government (Wittenberg et al., 2019b). The findings from this study
illustrate the importance of the government perspective applied to AD.
In this regard, reduced work activity translates to lower tax revenue for
government, and increased dependency on tax-financed public support
programmes.

To the best of our knowledge, there is no publication estimating the
fiscal burden of AD in the UK. Commonly, burden of disease studies take
a societal perspective, focusing on direct medical and non-medical care
costs, such as social care costs and unpaid care costs. Financial support
as state benefits or transfers provided by the government and foregone
tax contributions due to lower labour participation are rarely considered
in evaluations of health programmes (Kotsopoulos and Connolly, 2014).

The current study uses a public economic perspective (Connolly
et al., 2017) to estimate the impact of AD on public finances by simu-
lating the fiscal life of people with AD (PwAD) and their informal
caregivers since the diagnosis of mild cognitive impairment due to AD
(MCI-AD) to death. This cohort was compared to pairs with identical
demographic characteristics unaffected by AD in UK’s general
population.

Materials and methods
Health and labour market outcomes

Model overview

The goal of the analysis is to estimate the fiscal burden of AD to the
UK government. This is achieved by modelling the AD-related decrease
in cognitive function, associated informal care requirements, and link
these to labour force participation, earnings, tax contributions, health-
care costs, and financial support from disability benefits in PwAD and
their main informal carer. Because of the demographic variability in
both patients and carers, the analysis uses distributions of published
PwAD/carer characteristics to simulate their unique fiscal pathways
from the diagnosis of MCI-AD to death. We report the average costs of

. Tax revenue

Examination. * Assumed to last 3.4 years
(Vermunt et al., 2019). T The minimum
duration of mild AD was assumed to be 1.8
years based on GERAS UK data (Lenox-Smith
et al., 2016, Wimo et al., 2013). ¥ The pro-
gression in AD-severity was predicted using
baseline characteristics from the GERAS UK
study (Lenox-Smith et al., 2016, Wimo et al.,
2013).

Caregiving time

Employment

Financial support
Healthcare

1,000 unique pathways in a cohort affected by AD. This cohort was
compared to 1,000 pairs with identical demographic characteristics
unaffected by AD in UK’s general population. For clarity, the equivalent
of an informal caregiver in the general population (cohort unaffected by
AD), is a person demographically identical to those providing care in the
AD cohort, but it does not necessarily imply they are providing care. In
the cohort unaffected by AD, the rate of fiscal outcomes was informed by
the UK national average.

We have developed a Microsoft Excel microsimulation to model AD
progression and AD-related events in PWAD and their carers. A micro-
simulation structure was preferred, allowing for care requirements and
costs to be modelled continuously, considering multiple combination of
PwAD/carer’s sex and age whilst avoiding memoryless Markovian states
(Drummond et al., 2015, DSU, 2014, Siebert et al., 2012).

We have not identified a UK publication reporting MMSE and ac-
tivities of daily living (ADL) scores for people across the full AD spec-
trum, required to estimate independence and informal care
requirements. Data were particularly scarce at the MCI-AD stage.
Alternatively, we have modelled MMSE and ADL scores over time, to
determine disease severity and individual care requirements, using
predictive equations at the AD-dementia stage and applied average AD
metrics at the MCI-AD and part of the mild AD (AD onset) stages.

Health states were categorized using Mini-Mental State Examination
(MMSE) scores (Green and Zhang, 2016, Folstein et al., 1975, Eftychios
et al., 2021). Scores of 27 to 29 corresponded to MCI-AD, 21 to 26 to
mild AD, 10 to 20 to moderate AD, and scores below 10 were linked to
the severe AD state. Cognitively normal individuals were assumed to
have the maximum MMSE score of 30. The description of day-to-day
functioning per MMSE categories is presented in Table Al. The model
structure is shown in Fig. 1.

Simulation events were deemed to occur if its likelihood (e.g.,
probability of death, institutionalization) at each cycle was greater than
an evenly distributed random probability of the event. We have followed
the International Society for Pharmacoeconomics and Outcomes
Research (ISPOR) recommendations for state transition modelling
(Siebert et al., 2012). The model used 6-monthly cycles, granular
enough to capture expected changes in disease progression, and the
costs and consequences of AD. Future costs and life-years (LY) were
discounted at 3.5 % annually (NICE, 2022).

Baseline characteristics and disease progression

The model started when PwAD and their comparators were 70 years
(Winblad et al., 2008, van Maurik et al., 2021, Moodley et al., 2015).
The carer cohorts entered the model with a mean age of 60.5 years,
considering mean age differences between people with mild AD and
their carers reported by the UK GERAS I study (Wimo et al., 2013, Lenox-
Smith et al., 2016). The GERAS I observational cohort followed people
with AD-dementia (people with MCI-AD were not recruited) and their
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Table 1

Demographic characteristics used to generate the simulated cohorts.
Attributes PwAD Informal Sampling

carers distribution
Mean SD Mean SD
Age (years) 75.2% 7.5' 65.7 6.6' Lognormal
Spouse (%) - - 72.0% - Beta
Females (%) 50.0 % - 64.5 % - Beta
Disease Duration 1.8 21 - - Gamma
(years)

MMSE score 23.1 1.6 - - Normal
Total ADL 58.5 0.6 - - Normal

AD, Alzheimer’s disease; ADL, activities of daily living; MMSE, Mini-Mental
State Examination; PWAD, people with Alzheimer’s disease; SD, standard devi-
ation.

Baseline characteristics of the GERAS cohort with mild AD-dementia sourced
from the publications by Lenox-Smith et al. and Wimo et al. (Lenox-Smith et al.,
2016, Wimo et al., 2013), (n = 200).

" Estimated as the sum of the mean age at model entry for MCI-AD of 70 years
old (Winblad et al., 2008, van Maurik et al., 2021, Moodley et al., 2015), mean
duration of MCI-AD of 3.4 years (Vermunt et al., 2019) and the mean disease
duration in people with mild AD in the UK GERAS I study of 1.8 years (Wimo
et al., 2013, Lenox-Smith et al., 2016).

f Assumed a standard deviation of 10%.

¥ The age distribution for both PWAD and informal carers is shown in Ap-
pendix (Fig. Al).

primary carers in France, Germany, and the UK over an 18-month
period. We have sampled carer’s age using mean and standard devia-
tion inputs from Table 1. The spouse/partner or adult child status was
inferred based on age difference to PwAD to achieve 72 % of carers who
are spouses/partners. The proportion of carers who are a spouse/partner
will impact the estimated total hours of informal care. The remaining
consequences were based on carer’s age. The average length of MCI-AD
duration (3.4 years) was based on Vermunt et al. (Vermunt et al., 2019),
after which all PWAD were assumed to progress to mild AD.

With exception of age at MCI-AD onset, most individual character-
istics were randomly sampled from common probability distributions,
parameterized using baseline mean and standard deviation inputs from
the mild AD cohort recruited as part of the UK GERAS I study (Wimo
et al., 2013, Lenox-Smith et al., 2016). These inputs are reported in
Table 1.

The minimum duration of mild AD was informed by the disease
duration value sampled using data from the UK GERAS I study (Table 1).
From this point, disease progression to moderate and severe AD, was
informed by equations published by Getsios et al (2010). The published
equations are/were derived from data taken from the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) and control arms
of seven clinical trials (Getsios et al., 2010). The equations allowed
MMSE and total ADL scores to be updated every cycle, which influenced
disease severity and individual care requirements (total hours of
informal care), respectively. Changes in MMSE scores were predicted by
age and previous changes in MMSE scores (Equation A.1 to Equation A.4
in Appendix). Changes in total ADL scores were predicted by MMSE and
ADL scores at baseline and on the previous cycle, age, and time (Equa-
tion A.5 and Equation A.6 in Appendix). The model does not allow
returning to a state of lower AD severity.

As data for MMSE and ADL scores were not available from the onset
of mild AD to enrolment in the GERAS I study, we have assumed that
during this period, MMSE and ADL scores were identical to those re-
ported at GERAS I baseline (Table 1). Functional ability was assessed
using the Alzheimer’s Disease Co-operative Study Activities of Daily
Living Inventory (ADCS-ADL), with higher scores indicating lower
functional impairment (Wimo et al., 2013, Lenox-Smith et al., 2016).

Mortality
Baseline mortality data for both cohorts was based on published UK

Table 2
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Modelled inputs for disease progression and demographical characteristics, by
cohort affected or unaffected by AD.

Input

Cohort affected by AD

Cohort unaffected by AD

Start age for MCI-
AD

Other baseline
characteristics

Time in MCI-AD
Progression of AD-
dementia

Mortality

Institutionalization

PwAD: 70 years old (
Winblad et al., 2008, van
Maurik et al., 2021,
Moodley et al., 2015)
Carers: 9.5 years younger
than the PWAD (60.5 years
old) (Wimo et al., 2013,
Lenox-Smith et al., 2016)
PwWAD: % females; disease
duration; MMSE scores;
total ADL. (Lenox-Smith

et al., 2016)

Carers: % females (Wimo
et al., 2013, Lenox-Smith

et al., 2016)

3.4 years (Vermunt 2019)
Minimum time on mild AD:
1.8 years (Wimo etal., 2013,
Lenox-Smith et al., 2016).
AD-dementia severity
progression: predicted by
equations using MMSE and
total ADL scores, time, and
sex data (Getsios et al.,
2010).

Sex and age-specific survival
data based on life tables
from UK’s general
population (ONS, 2021e).
Excess mortality due to MCI-
AD excess mortality: HR
1.20 (Santabarbara et al.,
2016).

AD-dementia excess
mortality: HR 2.92 mild AD;
HR 3.85 moderate AD; HR
9.52 severe AD (Andersen
et al., 2010).

People with MCI-AD were
assumed not to require
institutionalization.
PwAD-dementia: Absolute
probabilities of
institutionalization (6
months): 3.0 % in mild AD;
8.0 % in moderate AD; 10.0
% in severe AD (Knapp

et al., 2016).

Equivalent to PWAD:
assumed to be
demographically identical
to the cohort affected by AD
(same age and sex);
Equivalent to carers:
assumed to be
demographically identical
to the cohort affected by AD
(same age and sex).

N/A
N/A

Sex and age-specific survival
data based on life tables
from UK’s general
population (ONS, 2021e).

Equivalent to PWAD at
MCI-AD: assumed not to
require institutionalization.
Equivalent to PWAD at AD-
dementia: The age-specific
prevalence of
institutionalization values
for England and Wales was
applied (0.0 % if < 65 years
old; 0.4 % if 65 to 74 years
old; 2.8 % if 75 to 84 years
old; 13.6 % if > 85 years
old) (ONS, 2014).

AA, Attendance Allowance; AD, Alzheimer’s disease; ADL, Activities of Daily
Living; CA, Carer’s Allowance; ESA, Employment and Support Allowance; HR,
hazard ratio; MCI-AD, mild cognitive impairment due to Alzheimer’s disease;
MMSE, Mini-Mental State Examination; N/A, not applicable, PIP, Personal In-
dependence Payment; PWAD, people with Alzheimer’s Disease; UK, United
Kingdom.

lifetables for 2018-2020 (ONS, 2021¢e). Excess mortality due to MCI-AD
was applied to the baseline sex and age-specific mortality rates of PwAD,
based on a Spanish longitudinal study with an 11.2 years follow-up
(hazard ratio [HR] of 1.2, adjusted for age, sex and educational level,
with MCI-AD defined by the Petersen criteria (Santabarbara et al., 2016,
Petersen et al., 1999). After AD onset, excess AD-mortality HRs were
applied to the sex and age-specific mortality rates, sourced from a
commonly utilized study (Lin et al., 2021, Green et al., 2019) using a
Danish population-based cohort (Andersen et al., 2010). Parameters
informing excess AD mortality are presented in Table 2.

Death was possible at any time in the model. The death of a PwAD
released the carers from caring responsibilities, allowing them to return
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Table 3
Modelled earnings from employment, by cohort affected or unaffected by AD.
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Input Cohort affected by AD

Cohort unaffected by AD

Baseline rates of employment
Employment discontinuation due to

disability or informal caregiving population (Artero et al., 2001).

Age-specific employment rates based in the UK’s general population (ONS, 2021b).
PwAD at the MCI-AD stage: risk ratio 2.0 higher disability compared to general N/A*

Carers of PWAD at MCI-AD stage: assumed not to have higher employment

discontinuation rates.

PwAD-dementia: higher risk of not being employed, HR 2.26 (Sakata and Okumura,

2017).

Carers of PwAD-dementia: higher risk of not being employed, HR 1.19 (Sakata and

Okumura, 2017).

Full-time work reduction by employed carers: estimated using equations based on
time spent caring for PWAD, carer’s age, and family relationship to the PwAD (Lilly
et al., 2010). Informal care requirements (hours) in community-based PWAD were
predicted by equations using individual MMSE and total ADL scores (Reed et al., 2016).
If a PWAD becomes institutionalized or dies, carers aged under 75 years can return to

work, subject to employment rates in the general UK population (assumption).

Earnings from employment
population (ONS, 2021d).

Carers returning to the labour force after > 2 years will have reduced earnings from

employment (Speiser, 2021).

Baseline sex and age-specific gross earnings from employees in the UK’s general

Sex and age-specific gross earnings from
employees in the UK’s general population (ONS,
2021d).

AD, Alzheimer’s disease; HR, hazard ratio; MCI, mild cognitive impairment; N/A, not applicable, PWAD, people with Alzheimer’s disease; UK, United Kingdom.
" Because people with mild cognitive impairment were twice as likely not to be employed than the general population, we have applied the AD-related excess

likelihood of employment discontinuation to the cohort with AD alone.

to employment. Any form of AD-related financial support was also dis-
continued. Carer’s death was assumed not to affect the probability of
employment of the PWAD or the amount of financial support they would
be receiving. After carer’s death, PwAD having an MMSE score below 20
were assumed to require institutionalization as 24-hour supervision is
often required at this AD severity (Table Al).

Institutionalization and informal care

The likelihood of PWAD being institutionalized was sourced from a
large London case register, specific to AD severity (Knapp et al., 2016).
In the cohort without AD, institutionalization was based on age-specific
prevalence values for England and Wales (ONS, 2014). We have
assumed that cognitive deficits associated with MCI-AD alone would not
justify institutionalization (Green et al., 2019). Data informing the
likelihood of institutionalization are presented in Table 2. In the event of
institutionalization, carers were assumed to be able to return to work
and would stop receiving financial support.

Informal care needs of community based PWAD were estimated using
an equation sourced from the GERAS I study. The equation predicts total
hours of informal care based on age, individual MMSE and ADL scores, if
the carer is the spouse, and on the country-origin of the PWAD (Reed
et al., 2016) Equation A.7 in the Appendix.

Labour market participation

Sex and age-specific probabilities of employment and annual earn-
ings from employment in the general population were sourced from UK
national statistics (ONS, 2021b, ONS, 2021d). We assumed that PwWAD
having an MMSE score below 25, living in an institutional setting or
above the age of 75 (the maximum age of employment) would not be in
employment.

We were not able to identify a publication linking MCI-AD to the
likelihood of maintaining a job, which is supported by the systematic
review by Silvaggi and colleagues (Silvaggi et al., 2020). For this reason,
the prevalence of disability was considered a proxy for work discon-
tinuation in those with MCI-AD. Disability in the UK population was
based on nationally available data (ONS, 2021c). The risk of disability in
people with MCI-AD was sourced from a French longitudinal study,
reporting it to be twice as high as in the general population (Artero et al.,
2001). The risk ratio of 2.0 was applied to the sex and age-specific
disability rates from the UK’s general population to estimate work
discontinuation of people with MCI-AD.

The effect of AD-dementia on employment discontinuation was

informed by a Japanese cohort study of employees with a diagnosis of
dementia under the age of 65. Participants were each matched to 5
controls without dementia. People in the cohort with dementia were
more likely to be out of employment, and so were their primary carers
(Sakata and Okumura, 2017). Sex and age-specific employment rates
applied on the model are presented in the Appendix (Table A1).

Some employed carers were estimated to have a reduction on full-
time working hours as consequence of the time spent caring for PwWAD
(Lilly et al., 2010). This was implemented using a published sex-specific
equation that estimated labour participation based on survey data by
Statistics Canada, according to carer’s age and family relationship to the
PwAD (Equation A.8 to Equation A.11 in the Appendix) (Lilly et al.,
2010, Martins et al., 2022). Sustained periods of absence from the labour
market are likely to influence future earnings from employment.
Consequently, we reduced gross earnings in carers returning to work
after 2 or more years of informal care provision using a 7.2 % rate

Table 4

Annual healthcare and formal social care costs.
Cohort with AD Cohort without AD
Healthcare Social care Healthcare Social care

People living in the community

MCI-AD £2,560 * £1,105 * £2,003 * £228 *
Mild AD £3,003 £2,044 £2,350 £422°
Moderate AD £2,942 £5,091 £1,874 £922°
Severe AD £12,290 ' £6,760 £5,719 £1,461
People living in residential care

MCI-AD - - - -
Mild AD £4,917 £9,452 £3,847 £1,731
Moderate AD £10,304 ' £9,826 £6,562 £737°
Severe AD £9,486 £9,886 £4,414 £477

AD, Alzheimer’s disease; MCI-AD, mild cognitive impairment due to Alzheimer’s
disease.

" Costs based on the ratio of care costs of MCI and mild AD patients (Robinson
et al., 2020).

 Sourced from Dementia UK update (Prince, 2014, Curtis, 2017, Curtis,
2020).

¥ Sourced from Dementia UK update, including the 60.0% of costs of people
living in the community and the 35.0% of costs of people living in the residential
care that are paid by the government (Prince, 2014, Curtis, 2017, Curtis, 2020).

% Costs based on the ratio of care costs of patients with and without dementia,
by severity (Leicht et al., 2011).
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Table 5

Modelled fiscal consequences, by cohort affected or unaffected by AD.
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Cohort affected by AD

Cohort unaffected by AD

Taxes
Direct taxes
Indirect taxes

Transfers to PwAD and carers
(proportion receiving
transfers)

Transfers to PWAD, carers, and
cohort unaffected by AD
(amount)

Health and social care
provided by the government

UK’s tax wedge (OECD, 2021) applied to the earnings from employment: 30.8 %
UK’s indirect tax rates as a percentage of gross income (ONS, 2021f): 12.4 %
Financial support and healthcare costs

PwAD and carers at the MCI-AD stage: Sex and age-specific
prevalence of people receiving ESA, PIP or AA in the UK’s general
population (DWP, 2021¢, DWP, 2021d, DWP, 2021e, DWP, 2021a)
PwAD-dementia: proportion receiving ESA or PIP based on the
German GERAS I study (Boess et al., 2016), adjusted for the UK (HR
0.35) (Reed et al., 2017): 28.6 % mild AD, 56.7 % moderate AD, 73.2 %
severe AD.

PwAD-dementia with carers: proportion of unpaid care needs by AD
severity (29.8 % mild AD, 47.6 % moderate AD, 20.0 % severe AD)
(Wittenberg et al., 2019b) used to estimate the proportion of PWAD
receiving AA and of carers receiving CA. *

Equivalent to PWAD: Sex and age-specific prevalence of people
receiving ESA, PIP or AA in the UK’s general population (DWP, 2021c,
DWP, 2021d, DWP, 2021e, DWP, 2021a)

Equivalent to carers: Age-specific prevalence of people receiving CA in
the UK’s general population (DWP, 2021b).

Sex and age-specific mean amount provided to entitled individuals in the UK for:
PwAD and Equivalent: ESA due to diseases of the nervous system (DWP, 2021¢c, DWP, 2021a); PIP due to dementia (DWP, 2021d, DWP, 2021e); AA

due to dementia (DWP, 2021a). '

Carers and Equivalent: CA (not disease/condition-specific) (DWP, 2021b).

PwAD at MCI-AD stage: based on the ratio of care costs of MCI and
mild AD patients from the US GERAS II study: 85.2 % for direct medical
costs and 54.0 % for direct non-medical costs (Robinson et al., 2020).
PwAD-dementia: Mean annual costs per patient for health and social
care, in the societal perspective, by AD-severity (Prince, 2014) inflated
to £2019/2020 prices (Curtis, 2017, Curtis, 2020).

Healthcare costs are totally paid by the government (assumption).
The proportion of social care costs paid by the government was
considered according to patients living in residential care or in the

Equivalent to PWAD at MCI-AD stage: Assumed the same ratio of care
costs applied to the cohort affected by AD (Robinson et al., 2020)
(assumption).

Equivalent to PwAD-dementia: based on the ratio of care costs
compared to those affected by dementia.

Medical care costs: 78.2 %, 63.7 %, and 46.5 %

Institutionalized: 18.3 %, 7.5 %, and 4.8 % *

Community-based: 20.6 %, 18.1 %, and 21.6 % T compared to mild,
moderate, and severe dementia, respectively (Leicht et al., 2011).

community (35.0 % and 60.0 %, respectively) (Prince, 2014).

No costs were applied to carers.

Equivalent to carers: No costs were applied.

AA, Attendance Allowance; AD, Alzheimer’s disease; CA, Carer’s Allowance; ESA, Employment and Support Allowance; MCI, mild cognitive impairment; PIP, Personal
Independence Payment; PWAD, people with Alzheimer’s disease UK, United Kingdom.
" Carers are entitled to Carer’s Allowance (CA) if PWAD receive AA, if the carer provides care for at least 35 h per week and if the carer’s disposable income is less

than £129 per week.

! Data was unavailable for AD so we have used values reported for the closest diagnosis available (ESA due to diseases of the nervous system, PIP due to dementia, AA

due to dementia).

¥ These ratios were applied to healthcare costs and formal social care costs of PWAD to estimate the costs of people unaffected by AD.

§ Nursing home care.
T Professional home care.

(Speiser, 2021). Conservatively, we have assumed that MCI-AD had no
effect on the carer’s employment status, but carers could in fact decide
to retire earlier or may find it difficult to return to employment. Baseline
sex and age-specific annual gross earnings based on the UK’s official
data are presented in the Appendix (Table A2) (ONS, 2021d).

The modelled inputs on labour market participation and earnings
from employment, for both cohorts compared, are summarised in
Table 3.

Fiscal consequences

Fiscal consequences consist of tax revenue, transfer payments to in-
dividuals and government expenditure on social and healthcare provi-
sion that affect government finances. AD-dementia severity and care
requirements is linked to the likelihood of receiving transfers from the
government. Direct taxes paid on earnings and indirect consumption
taxes weigh positively on government budgets. Transfers used to support
disabled individuals and formal social and medical healthcare provision
costs were considered public expenses.

Direct and indirect taxes

Employment related taxes consisted of direct tax on earnings falling
on employees and social security contributions incurred by employees
and employers, often referred to as the tax wedge. Total direct tax on
employment was calculated by multiplying the UK tax wedge (OECD,
2021) by the gross earnings stratified by age (ONS, 2021d) (Table A2).

Indirect taxes were calculated using consumption tax rates reported as a
percentage of gross income from employment or any other sources such
as transfers (ONS, 2021f).

Financial support: transfers to PwAD and carers

Several forms of financial support provided by the UK government
are available to PWAD and carers according to individual needs and age.
These were implemented in the model following national rules outlined
below. Working age individuals whose condition affects how much they
can work are entitled to an Employment and Support Allowance (ESA).
The amount received depends on individual’s ability to return to work
(work-related activity group) or permanent inability to work (support
group). People under state pension age (SPA) maintaining a long-term
illness status are entitled to Personal Independence Payment (PIP) if
they have limited ability to complete daily living tasks (daily living part)
and/or on getting around (mobility part). People above SPA who are not
autonomous, and therefore rely on carers, are eligible to receive an
Attendance Allowance (AA). The amount received depends on supervi-
sion being needed only during the day/night or both (UK Government,
2021b). Carers might be eligible to Carer’s Allowance (CA) (UK Gov-
ernment, 2021a).

The proportions of PWAD receiving financial support were based on
severity specific values reported for the GERAS I German cohort (Boess
et al., 2016), which were adjusted to the UK using a published HR of the
difference of people affected by AD receiving financial support in Ger-
many vs the UK (Reed et al., 2017). People with AD entitled to
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government financial support were assumed to receive the average
amount provided to sex and age-specific individuals in the UK (Table A3
and Table A4) (DWP, 2021c, DWP, 2021d, DWP, 2021e, DWP, 2021a).

The proportion of PWAD receiving AA and carers receiving CA was
based on the proportion of adults with dementia having unpaid care
needs (Wittenberg et al., 2019b). The CA amount provided per carer was
based on the average amount of CA provided to age-specific entitled
individuals in the UK (DWP, 2021b).

We have calculated the amount of financial support received by the
general population as the average monetary values of ESA, PIP, AA, and
CA. The average monetary values were weighted using the national
entitlement frequencies by age and sex (DWP, 2021c, DWP, 2021d,
DWP, 2021e, DWP, 2021a, DWP, 2021b). Data on proportion of people
receiving each transfer and the average biannual amount received is
reported in the Appendix (Table A5-A12).

Because we found no information on the prevalence of financial
support in people with MCI-AD, the support received by the same age-
group in the general population was applied.

There is limited evidence about the impact of AD on state pensions.
Also, AD-excess mortality may lead to perverse incentives from a gov-
ernment fiscal perspective as longevity will lead to a greater use of
government resources in the form of state benefits, which is not offset
unless LY gained are monetized. For simplicity we have excluded state
pensions from the model base case under the assumption these would
not be differential between cohorts. We challenge this assumption in
scenario analysis.

Financial support on social care provision and expenditure on health care
provision

Our analysis considers the costs of social and health care required by
PwAD to be part of the fiscal burden if these were incurred by the
government. We have sourced the severity-specific costs of health and
social care for community-based and institutionalized PwWAD from the
Alzheimer’s Society UK study, which collected costs on total care and
support used, but did not disaggregate comorbidity-related costs
(Prince, 2014). Because the standard of care for AD-dementia has not
substantially changed since, these costs were considered representative
of current UK clinical practice. The proportion of residential social care
costs and of community-based social care costs paid by the government,
respectively 35 % and 60.0 %, was based on Prince et al. (Prince, 2014).
We have assessed uncertainty around these inputs in sensitivity analysis.
It was assumed that healthcare costs were totally supported by the
government.

Due to paucity of data on costs of people with MCI-AD, these were
based on the relative difference between people with MCI-AD and mild
AD in the US GERAS II study (Robinson et al., 2020). These proportions
were applied to the social and healthcare costs of people with mild AD
reported by Prince et al. (Prince, 2014) to estimate costs at the MCI-AD
stage.

The health and social care costs in the general UK population
compared to AD-affected individuals were based on a ratio of care costs
from a German study, for each cost category, by disease severity. Leicht
et al. estimated medical care costs and formal nursing care costs (in
nursing home care and in professional home care) in people with de-
mentia and non-demented controls (Leicht et al., 2011). Ratios between
the costs in the controls and cohort with dementia were applied to the
previously determined costs of PWAD to derive the corresponding costs
in the general population. The proportional difference in costs in MCI-
AD and mild AD patients from Robinson et al. was also applied to the
cohort unaffected by AD to estimate costs for people with no MCI-AD.
Although no AD-dementia severity states exist in the cohort without
AD, dummy states were assumed for modelling purposes, so that costs in
the same category were applied to individuals of the same age in the
comparator arm. As social and healthcare costs of PwWAD differ by AD
severity, we have modelled costs of people unaffected by AD to change
with ageing.
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Caring for a PWAD was assumed not to impact carers’ consumption
of healthcare resources so we excluded healthcare costs for carers from
the model calculations in both cohorts. Formal social care and health-
care costs considered in the model are presented in Table 4.

We have included formal social care costs in the total amount for
financial support but have reported healthcare costs separately.
Reporting healthcare costs separately allows us to estimate its propor-
tion among overall costs for comparison with other publications.

The modelled inputs on fiscal consequences, by cohort affected or
unaffected by AD, are summarized in Table 5.

Model results calculations

We have calculated the net present value (NPV) of tax revenue,
financial support and healthcare costs for each cohort using the equa-
tions shown below. The difference between NPV summarizes the overall
consequences of AD on public finances, compared to the non-AD cohort,
and was expressed as an Incremental net consequence (INC). Lifetime
earnings from employment were also reported but not included in the
INC value as they represent a loss to individuals. The equations used in
the calculations are shown below.

INC = NPV copors affected by AD — NPV cotors unaffected by AD 1)
Tax, — Financial support, — Healthcare costs
NPV, =3 2 e : @
g (I+7)
Tax, = Direct tax; + Indirect tax, + Social security contributions, 3)
Financial support, = Financial supportp,ap, + Financial supportcarers; 4

Where j is AD status (cohort affected by AD vs cohort unaffected by
AD), r is the annual discount rate of 3.5 %, and t is time.

All costs were reported in 2020 1b sterling (£). When required, costs
were inflated to current values using the National Health Service (NHS)
cost inflation index (Curtis, 2017, Curtis, 2020).

Additional results

We have also estimated the annual fiscal loss associated to the entire
AD population in the UK by combining the INC with prevalence data.
The mean annual fiscal loss per pair affected by AD was calculated as the
ratio of the NPV to PwAD’s LY.

To estimate the prevalence of AD we considered both people living
with MCI-AD and those for which the disease has already progressed to
AD-dementia. The age-specific prevalence of MCI from any cause was
based on Petersen et al. (Petersen et al., 2018) (Table A14) and applied
to the demographic projections of the UK population older than the
minimum age simulated at model baseline (52 years old) in 2021 (ONS,
2022). AD has shown to be in the aetiology of 75 % of MCI cases
(Knopman et al., 2016). Based on this, 1.79 million people in the UK
were estimated to have MCI-AD. Wittenberg et al. (Wittenberg et al.,
2019a) have estimated that in 2019, 883,100 older people would have
dementia in the UK. Assuming the population growth of people aged
over 50 years old between 2019 and 2021 (3.1 %) and that 62 % of
dementia cases are caused by AD (Prince, 2014), 564,532 people were
estimated to live with AD-dementia in the UK, in 2021.

Sensitivity analysis

We have identified uncertainty surrounding several parameters and
base case assumptions. These were challenged in sensitivity analyses.

We have conducted one-way scenarios to challenge uncertainty
around some model inputs including varying the age at MCI-AD onset
(to 60 years old) and reducing the carers’ age accordingly, considering
the average hours of care from the UK GERAS I study (Lenox-Smith et al.,
2016), varying the proportion of formal social care paid by the gov-
ernment to 39.4 % of the total social care costs (Wittenberg et al.,
2019b), and assuming 72.0 % of institutionalization costs are paid by the
government (Bond et al., 2012).
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We have also challenged some base case assumptions in separate
scenarios including removing any impact from MCI-AD (employment
reduction in people with MCI-AD or carers, and excess mortality), and
assuming all PWAD and carers would receive financial support.

We have also assessed the impact of attributing state pensions to all
living PwWAD and equivalents over the age of retirement (66 years),
assuming its value would not be influenced by other financial support
already being received. For simplicity and due to the lack of data, we
have not considered the possibility of a partner receiving part of the
deceased spouse pension, which would reduce the incremental differ-
ence between cohorts. Private pensions were not modelled. The mone-
tary value of state pensions was included in Table A15.

One-way sensitivity analyses (OWSA) were conducted using 95 %
confidence intervals (CI) bounds of all mean inputs to identify the most
influential parameters. Resulting findings were summarized in a tornado
diagram.

Results

The model estimates an average life-expectancy of 10.3 LY after MCI-
AD (standard-deviation [SD] 2.7 years) with 37.9 % of time spent on
MCI-AD, 22.2 % in mild AD, 24.2 % in moderate AD, and 15.7 % in
severe AD. After discounting, the model predicted an average of 8.46 LY
until death with 5.3 LY in AD-dementia. Over the same time horizon, the
model estimated 11.7 and 15.6 discounted LY for people without AD and
carers, respectively. We have not modelled the effect of caregiving on
mortality so carers for PWAD averaged the same LY as their comparator
cohort.

Base case

Fiscal burden of AD over PwAD'’s lifetime

Base case results were reported as discounted INC calculated from
MCI-AD onset to PwAD’s death. The model estimates that the UK gov-
ernment will lose £73,749 (95 % credible intervals [CrI] -£77,150 to
-£70,347) per pairing of PwAD and informal carer, compared to an
identical pair unaffected by AD (Table 6). APwAD was estimated to earn
£11,141 less, leading to an 41.1 % reduction in direct taxes paid. Each
PwAD was also predicted to require additional £42,786 on financial
support and to incur £16,395 more on healthcare, compared to people
without AD. Carers of a PWAD were predicted to earn £27,189 less, with
a 28.3 % reduction of direct taxes paid. Each PwAD’s carer was pre-
dicted to cost £942 more on financial support than their comparators
unaffected by AD. The overall fiscal loss (INC) was mostly due to the
increase in financial support (59.3 % of total INC), 22.2 % was due to
healthcare costs and 18.5 % due to loss tax revenue (Table 6).
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Total fiscal burden of AD in the entire UK population

The burden of AD on the entire UK population was based on preva-
lence estimates of 1.79 million people living with MCI-AD and 564.5
thousand people living with AD-dementia in 2021. The fiscal burden to
the UK government could reach £50 billion over the lifetime of the
cohort with AD (£12 billion for people at MCI-AD and £38 billion for
people with AD-dementia).

Incremental results per health state (MCI-AD and AD-dementia) and
mean annual fiscal balance values are presented in Appendix
(Table A16). The mean annual fiscal loss per pair affected by AD was
estimated at £2,128 per person with MCI-AD and at £21,070 per person
with AD-dementia (Table A16 in the Appendix).

The mean annual fiscal loss due to AD to the UK government in 2021
was then assessed at £16 billion (£4 billion with people with MCI-AD and
£12 billion with people with AD-dementia).

Figures depicting the gross earnings, tax revenue and financial sup-
port provided to people affected and unaffected by AD since MCI-AD
diagnosis to death are presented in Fig. A2 and Fig. A3 in the Appendix.

Sensitivity analysis

Scenario analyses

Results of scenario analyses are presented in Table 7. The scenario
with most impact on results is the one leading to a higher PwAD’s life
expectancy with AD. Naturally, these individuals would receive finan-
cial support and have increased healthcare costs for longer periods. If
MCI-AD was diagnosed earlier in life (at a mean age of 60 years old),
PwAD and carers would be younger and most likely be in the labour
force. Consequently, lost tax revenue would be higher when compared
to the cohort unaffected by AD, with INC increasing by 91.6 %, repre-
senting a loss of £141,323 per patient and carer to UK government.

Any parameter that estimates an increase in public funding leads to
higher fiscal losses. If all PwAD would get financial support, the INC
would increase by 24.8 %. If the proportion of institutionalization costs
paid by the government was 72.0 %, as assumed by Bond and colleagues
(Bond et al., 2012), the INC would increase by 21.2 %.

If MCI had no impact on PwAD and carer’s employment likelihood,
the overall fiscal burden would hardly be affected (-4.6 %), as most
PwAD and carers are above the SPA. For the same reason, using a
different source for the average hours of care (Lenox-Smith et al., 2016)
would slightly increase the INC (5.5 %).

The scenario modelling the impact of pensions led to a 11.7 %
reduction of the overall fiscal loss to £65,108 mostly due to a greater
increase in financial support to individuals unaffected by AD, due to
their longer life-expectancy. Those unaffected by AD receive the state
pension for a longer period. All remaining scenarios varied the INC by

Table 6
Base case results from the UK government perspective®.
Cohort affected by Cohort unaffected Difference’ Fiscal effect % of INC
AD AD
Person with/without AD Direct tax £4,927 £8,358 -£3,432 Fiscal loss 4.7 %
Indirect tax £4,986 £3,552 £1,434 Fiscal gain -19%
Financial -£50,507 -£7,721 -£42,786 Fiscal loss 58.0 %
support*
Healthcare costs -£42,459 -£26,064 -£16,395 Fiscal loss 22.2 %
Carer of a person with/without  Direct tax £21,200 £29,574 -£8,374 Fiscal loss 11.4%
AD Indirect tax £8,707 £11,962 -£3,255 Fiscal loss 4.4 %
Financial -£1,390 -£447 -£942 Fiscal loss 1.3 %
support*
Sum -£54,535 £19,214 -£73,749 Overall fiscal loss 100.0 %
(95 % CrI -£77,150 to (INC)
-£70,347)

AD, Alzheimer’s disease; Crl, credible interval; INC, Incremental net consequence.

" Financial support includes transfers to people with Alzheimer’s disease and carers and costs on formal social care provision.
T Negative costs represent a fiscal loss to the UK Government; positive values represent a fiscal gain to the UK Government.

' Incremental Net Consequence (INC).
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Table 7
Scenario analyses.
Cohort Person with AD/without AD Carer of a person with/without AD Sum
Scenarios AD status Direct Financial Indirect Healthcare Direct Financial Indirect
tax support tax costs tax support tax
Base case Affected by AD £4,927 -£50,507 £4,986 -£42,459 £21,200 -£1,390 £8,707 -£54,535
Unaffected by AD £8,358 -£7,721 £3,552 -£26,064 £29,574 -£447 £11,962 £19,214
Incremental” -£3,432 -£42,786 £1,434 -£16,395 -£8,374 -£942 -£3,255 -£73,749'
PwAD’s age: early MCI-AD Affected by AD £17,792 -£78,135 £12,226 -£56,888 £50,316 -£2,290 £20,541 -£36,437
diagnosis (60 years old) Unaffected by AD £33,753 -£9,456 £13,729 -£33,971 £72,254 -£586 £29,162 £104,885
Incremental” -£15,961 -£68,679 -£1,502 -£22,917 -£21,938 -£1,705 -£8,621 -£14l,323;
Monthly mean hours of care from  Affected by AD £4,638 -£50,922 £4,881 -£42,643 £18,850 -£1,548 £7,781 -£58,962
UK GERAS I study Unaffected by AD £8,175 -£7,748 £3,478 -£26,093 £29,553 -£447 £11,954 £18,871
Incremental” -£3,537 -£43,173 £1,402 -£16,550 -£10,703 -£1,100 -£4,173 -£77,833'
39.4 % formal social care costs Affected by AD £4,661 -£46,543 £4,872 -£42,503 £20,917 -£1,353 £8,589 -£51,359
paid by the government Unaffected by AD £8,370 -£5,638 £3,557 -£26,137 £29,743 -£447 £12,030 £21,476
(Wittenberg et al., 2019b) Incremental* -£3,709 -£40,905 £1,315 -£16,365 -£8,825 -£906 -£3,441 -£72,835'
72.0 % institutionalization costs Affected by AD £4,728 -£66,047 £4,923 -£42,676 £21,488 -£1,388 £8,823 -£70,148
paid by the government (Bond Unaffected by AD £8,473 -£7,845 £3,598 -£26,047 £29,552 -£447 £11,953 £19,238
et al., 2012) Incremental” -£3,745 -£58,201 £1,325 -£16,629 -£8,064 -£941 -£3,130 -£89,385'
No impact due to MCI-AD (No Affected by AD £7,055 -£49,658 £5,777 -£42,330 £22,519 -£1,367 £9,236 -£48,768
reduction in employment of Unaffected by AD £8,274 -£7,719 £3,518 -£25,927 £29,641 -£447 £11,989 £19,327
PwAD or carer’s and no excess Incremental” -£1,218 -£41,940 £2,259 -£16,403 -£7,121 -£920 -£2,753 -£68,096'
mortality)
All people affected by AD get Affected by AD £4,489 -£71,024 £7,290 -£42,427 £21,413 -£1,408 £8,795 -£72,872
financial support Unaffected by AD £8,387 -£7,721 £3,564 -£26,022 £29,467 -£447 £11,919 £19,147
Incremental” -£3,898 -£63,303 £3,726 -£16,405 -£8,054 -£961 -£3,123 -£92,019'
State pensions included Affected by AD £4,784 -£54,064 £4,906 -£42,323 £21,574 -£1,305 £8,848 -£57,580
Unaffected by AD £8,290 -£19,174 £3,525 -£25,990 £29,424 -£447 £11,902 £7,529
Incremental” -£3,506 -£34,890 £1,381 -£16,333 -£7,850 -£858 -£3,054 -£65,108'

AD, Alzheimer’s disease; MCI, mild cognitive impairment; PwAD, Person with Alzheimer’s disease, UK, United Kingdom.
" Incremental results calculated by subtracting values from people not affected by AD from the values for people affected by AD.

T Incremental Net Consequence (INC).

PwAD"a age. at the start of GERAS simulation (63.212 to 93.788)

Carers' age, at the start of GERAS simulation  (44.976 10 91.624)

HR Financial Support received by PwAd and carers (UK vs. Gamany) (4.000 10 2.041)
Employment discontinuation of carers of PWAD (HR) (0.630 to 2.250)
Proportion of residential social care paid by the Govemment (0169 to 0.557)
Carers' proportion of females (0.577 10 0.710)
Duration of MCI, in years (Vermunt et al. 2019) (2.700 to 4.200)
HR mortality. Mild AD (2.430 t0 3.520)
Probability of disability in people with MCI-AD (0.302 to 0.745)

Proportion of social care costs (patients in the community) paid by the Govemment (0.398 t0 0.786)
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Fig. 2. Tornado diagram of the 10 most sensitive input parameters. PwAD, people with Alzheimer’s disease; HR, hazard ratio; UK, United Kingdom; MCI, mild
cognitive impairment; MCI-AD, mild cognitive impairment due to Alzheimer’s disease.

less than 10 %. Overall, model results were robust to the one-way
sensitivity analyses.

One-way sensitivity analyses

The ten model inputs with a higher impact on the INC are presented
in Fig. 2. The age of PWAD is the most influential parameter, as younger
PwAD can cost 126.7 % more to the government and older PwAD cost
92.0 % less. Even so, older PWAD represent a fiscal loss of -£5,813 per
PwAD to the UK’s government. The carers’ age is the second input with a
higher impact on the overall fiscal impact, with younger carers costing
more 32.5 % and older carers costing less 14.1 %. The proportion of
people receiving financial support, based on the comparison of people
from Germany and the UK in the GERAS I study, is the third parameter
that led to a higher uncertainty on the magnitude of the overall fiscal
loss. All other parameters do not affect the results considerably (changes
lower than 10 %).

Discussion

The current study estimates the economic consequences of AD from
the UK government perspective, reported in 2020 1b sterling (£). The
impact of the disease on PwWAD and informal carers’ fiscal pathways was
considered incrementally to a demographically identical cohort unaf-
fected by AD. Over the PWAD’s lifetime, we estimated a fiscal loss of
£73,749 per average pair of PwAD and main informal carer. The
financial support provided to PWAD and carers accounted for 59.3 % of
the total fiscal loss. This comprised transfers, as well as formal social
care and institutionalization services’ costs. The lost tax revenue from
reduced PwAD and carers employment participation represented 18.5 %
of total fiscal losses. Carers themselves accounted for 17.0 % of the total
fiscal loss. Their tax contributions were reduced by £11,629 compared to
their comparators, unaffected by AD, over the expected PwAD’s lifetime.
This highlights the importance of including informal care costs in the
analysis. Healthcare costs corresponded to 22.2 % of total fiscal losses.
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The total fiscal burden of AD could be estimated using our model’s
results and the projected AD prevalence in 2021. Over a lifetime, all
pairs of PWAD and their informal carers affected by AD would cost the
UK government £50 billion. Annually, it is expected a mean fiscal
burden of £16 billion for all pairs of PWAD and carers affected by AD.
Our study is unique as it captures the fiscal consequences of AD to the UK
government across economic sectors. Our approach adds to the existing
literature by considering the burden of AD over a PwAD’s lifetime,
focusing on externalities solely falling on the government, namely
forgone tax revenue from employment, government transfer payments
and indirect taxes.

There are several studies reporting the economic burden of dementia
in the UK (Lowin et al., 2001, Maresova et al., 2019, Prince, 2014) or
specifically to England (Wittenberg et al., 2019b). These studies differ in
their perspectives, methodological approach, included cost components,
and format chosen to communicate the results. Publications reporting
the overall annual burden of dementia in the UK suggest values between
£11.3 and £25.7 billion (Lowin et al., 2001, Prince, 2014) (costs inflated
to 2020) (Curtis, 2020). Considering Alzheimer’s represents 62.0 % of
all cases of dementia (Prince, 2014), AD could be expected to cost so-
ciety between £7.0 to £15.9 billion annually. Our analysis estimated an
annual fiscal burden of £16 billion to the UK government but directly
comparing these values can be misleading. Firstly, our analysis considers
only costs falling on the government, excluding private losses which
include foregone earnings from employment in people with AD and their
informal careers. Secondly, this analysis considers the cost of MCI-AD
which has historically been excluded from burden of disease publica-
tions (Lenox-Smith et al., 2016, Maresova et al., 2019, Prince, 2014,
Wittenberg et al., 2019b). Finally, the annual UK burden of AD reported
by this fiscal analysis is derived using the UK prevalence of MCI-AD and
AD-dementia and the average results of a microsimulation considering
costs across the AD continuum, which may differ from cross-sectional
analyses (Prince, 2014, Wittenberg et al., 2019b). A systematic review
by Maresova and colleagues (Maresova et al., 2019) reports the UK per
capita economic burden by AD-dementia severity to range from £12,473
to £30,123 (2018 euros converted to 1b sterling using 0.885 rate (Eu-
ropean Central Bank, 2022) and inflated to 2020 (Curtis, 2020). Our
analysis estimated an average fiscal burden of £21,070 per pair affected
by AD, which numerically falls within the range presented by Maresova
and colleagues. Once more, comparing these monetary values is
misleading as they were obtained using different methodologies in
populations with a different distribution of AD-dementia severity, and
importantly, using a different perspective. The original results presented
here should preferably be seen as complementary to other published
economic burden of dementia or AD. Much like other publications, our
analysis does suggest that direct healthcare costs represent only a small
share of the overall economic burden of dementia (22.2 %). Despite the
different denominator, this is somewhat comparable to the 14 % to 16 %
suggested by important studies (Kliep et al., 2021, Prince, 2014, Wit-
tenberg et al., 2019b).

The current analysis is not without uncertainty and limitations. We
identified uncertainty around the mean age of MCI-AD onset and on
excess mortality due to AD, as no robust data for the UK is available.
Intuitively, sensitivity analyses indicated that model results were sen-
sitive to the mean age at AD onset, as it strongly impacts longevity and
disease progression. Nonetheless, our model predicted a life-expectancy
of 10.3 years from MCI-AD onset to death. This value is comparable to
those reported in a publication by Vermunt and colleagues (Vermunt
et al., 2019) who predicted an AD duration of 11.8 for people experi-
encing MCI-AD at the age of 70 years old.

Uncertainty around model conclusions was assessed in scenario
analysis and OWSA, showing the influence of specific parameters on
government expenditure. The age at diagnosis of MCI-AD, as well as the
carer’s age, had a major impact on government costs. Patients with a
long-term disease and informal care requirements will incur higher costs
to society and the government. Uncertainty about the share of public
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funding also leads to significant variation in results. A higher fiscal loss
was obtained when more transfers were provided and/or if a higher
proportion of formal social care and institutionalization costs were
incurred by the government. As there is no perfect source to inform these
inputs, we are left with exploring a meaningful range of parameters in
the hope these produce a likely range of public costs.

For simplicity, the current model took a conservative approach when
modelling the impact on carers’ earnings. Return to employment with a
lower income was considered possible after PWAD’s death or institu-
tionalization. However, carers can decide retiring earlier or may find it
difficult to return to employment (Michaud et al., 2010). Lower earnings
during the caring period or afterwards may also affect personal savings
and pension arrangements. Also, uncertainty exists on the eligibility to
CA or any other additional allowances, which could impact the costs to
the government. Excess healthcare costs due to caregiving were also not
included, although an increase could be expected (Chiao et al., 2015,
Alzheimer’s Association, 2020). We predict that modelling the above
would contribute to increasing the overall fiscal loss to the government.

Modelling AD progression accurately is also essential to estimate
government expenditure. The equations used to estimate disease
severity and individual care requirements (Getsios et al., 2010) have
been previously discussed in the literature (Martins et al., 2022).

Moreover, due to the lack of specific data for PWAD in the UK some
assumptions were required to link the AD to labour participation in
people with the disease and their informal carers. We have drawn this
evidence from international studies, under the assumption that the AD
affects employment with similar intensities across countries. Further
data would be needed to tackle uncertainty on the impact of AD and
MCI-AD on employment. The difference in healthcare costs of people
affected and unaffected by AD in the UK would also be highly valued for
the analysis. It is unlikely that such parameters would lead to signifi-
cantly different conclusions, but they would mostly likely contribute to
greater precision in estimating the different sources of public
expenditure.

Conclusion

The present research uses a broad public economic perspective,
considering the effects of AD to the UK government across economic
sectors. As AD progresses, decreased labour participation by PWAD and
informal carers will invariably reduce earnings and tax contributions.
Subsequently, the UK government faces increased costs with transfers
(financial support, welfare benefits) provided to people affected by AD.
We have shown that the fiscal losses are substantial, far surpassing
commonly estimated medical and formal social care costs of people
affected by AD. Accordingly, it seems imperative that the estimation of
the fiscal consequences of diseases is considered to inform health policy
and healthcare resource allocation. These findings should be used to
characterize the severity of diseases and should be considered in parallel
or combined with evidence on cost-effectiveness by bodies assessing
new health technologies. The monetary value of our results can be used
to offset the costs of public policies tackling preventable risk factors for
AD. This type of analysis is particularly relevant for countries such as the
UK because the government directly finances health, social care and
other forms of support to individuals with chronic diseases.
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Appendix

Cognition scores ranges defined by the Mini-Mental State Examination (MMSE)

Table Al
Cognition score ranges and interpretation of day-to-day functioning.
Clinical Disease Stage MMSE* Day-to-day functioning
MCI-AD 27-29 May have clinically significant but mild deficits. Likely to affect only most demanding ADL.
Mild AD 21-26 Significant effect. May require some supervision, support, and assistance.
Moderate AD 10-20 Clear impairment. May require 24-hour supervision.
Severe AD <10 Marked impairment. Likely to require 24-hour supervision and assistance with ADL.

AD, Alzheimer’s disease; ADL, Activities of daily living; MCI-AD, mild cognitive impairment due to AD; MMSE, Mini-Mental State Examination.

" Individuals with an MMSE score of 30 were assumed to be cognitively normal. The same MMSE categories were based on previously published model (Green and
Zhang, 2016, Martins et al., 2022).

 Adapted from Eftychios et al. (Eftychios et al., 2021).

Age distribution at mild AD in the simulated cohorts

700
600 PWAD
500 Carer
400

300

Frequency

200

100

Age groups (years)

Fig. Al. Age distribution at AD GERAS simulation: PWAD and informal carers. PWAD, people with Alzheimer’s disease.

Equations predicting Alzheimer’s Disease progression
Progression of AD from the GERAS enrolment onwards was modelling using published equations that predict changes in the MMSE and the ADL

scores (Getsios et al., 2010).
Equation A.1 to A.4 were used to predict changes in the MMSE scores:
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Change in MMSEreuea = ([(T)] 5 — 5.4663 — 0.429PM; — 0.004PM; + 0.1415PM; — 0.079PrevMMSEChange + 0.0747Age + &;) x CycleLength (A1)
PM,; = min(PrevMMSE, 9) (A.2)
PM, = max(0, min[PrevMMSE — 9,9]) (A.3)
PM; = max(0, min[PrevMMSE — 18, 12]) (A.4)

Where T is the treatment effect (assumed to take the value of 0 for standard of care), PrevMMSEChange is the value of MMSE change in the
previous cycle, Age is current age in years, and CycleLength is the simulation cycle length. Between patient variability was introduced using &;,
implemented as a random draw from a normal distribution with mean zero and standard deviation of 0.5.

Equation A.5 was used to predict changed in ADL scores:

Change in ADL = Baseapi, + 1.35 4+ 0.06weeks — 0.79ADLgeline +0.71ADL ¢cen + 0.12MMSEjy¢iine +0.09age — 0.4OMMSE, cenc + & (A.5)

Where weeks is the simulation time in weeks, ADLpgseline/recent ad MMSEpgseline/recent are the ADL and MMSE scores at baseline or in the previous
cycle, respectively.

Variability between patients was included using the §; parameter implemented by sampling from a normal distribution with mean 0 and standard
deviation 2.48. The coefficients for race (-3.05) and psychiatric medication (0.81) used in the original publication were left out of the analysis as data
was not available in the synthesized cohort. A full explanation of how these equations were obtained is explained in the original publication (Getsios
et al., 2010).

The range for the total Alzheimer’s Disease Cooperative Study (ADCS) ADL score used in GERAS study ranged from 0 to 78 (with high scores
representing less dependency). Getsios and colleagues have standardized ADL scores to range from 0 to 100. In the model the ADL scores sampled from
average GERAS scores were rescaled using Equation A.6.

MaXTargel - MlnTargel

S = X (Sl - MaxSoul‘ce) + MaXTargel (A.6)

MaXSource - MlnSource

Where S, is the desired value, S; is the value score to be converted, Max and Min represent the maximum and minimum of the original (Source) and
desired score (Target).

Equation predicting total hours of informal care

The following equation was used to predict total hours of informal care based on individual MMSE and ADL scores, based on the GERAS I study
(Reed et al., 2016):

Total carer time = 7.0706 — 0.3727Country — 0.141 IMMSEjsycrity +0.0029Age — 0.3600Spouse — 0.403ADL + Scale (A7)

Where Country referred to GERAS I cohort location (0 for the UK). MMSEsyeriry Was —0.1411 for mild AD, 0.0168 for moderate AD and O for severe
AD. Age was the current age in the model, Spouse took the value of —0.36 for spouses of PwAD and 0 otherwise, ADL was the individual ADL score, and
Scale took the value of 0.5438. The predicted hours of informal care were used to calculate the proportion of carers able to maintain employment. We
have explored uncertainty around the estimation of total carer time by utilizing severity-specific estimates from the UK cohort in the GERAS study
(Lenox-Smith et al., 2016).

Probabilities of employment and disability

Table A2
Probabilities of employment and disability in the general population, adjusted probability of employment in PwAD and their informal carers.
Age band (years) Employment in the general population Employment in MCI-AD* Employment of PWAD' Employment of carers of PWAD'
Males Females Males Females Males Females Males Females
75 to 79 - - 0.49 0.53 - - - -
70 to 74 0.12 0.07 0.42 0.45 0.01 0.00 0.08 0.04
65 to 69 0.27 0.21 0.35 0.39 0.05 0.3 0.21 0.15
60 to 64 0.60 0.50 0.30 0.33 0.32 0.21 0.55 0.44
55 to 59 0.78 0.70 0.25 0.29 0.56 0.45 0.74 0.66
50 to 54 0.86 0.79 0.21 0.24 0.71 0.58 0.83 0.75
45 to 49 0.88 0.80 0.17 0.21 0.75 0.60 0.86 0.77
40 to 44 0.89 0.80 0.14 0.18 0.77 0.60 0.87 0.77
35 to 39 0.91 0.79 0.12 0.15 0.80 0.59 0.89 0.76
30 to 34 0.90 0.80 0.10 0.13 0.79 0.60 0.88 0.76
25 to 29 0.85 0.81 0.09 0.11 0.69 0.62 0.82 0.78
20 to 24 0.65 0.68 0.09 0.10 0.38 0.42 0.60 0.63

AD, Alzheimer’s disease; MCI-AD, mild cognitive impairment due to AD; PWAD, people with Alzheimer’s disease.
Sources: (ONS, 2021b, ONS, 2021c¢, Sakata and Okumura, 2017).

" Prevalence of disability in the UK.

T Calculated by applying the HR 2.26 to the sex-specific rate of employment in the general population.

¥ Calculated by applying the HR 1.19 to the sex-specific rate of employment in the general population.
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Equation predicting carer’s labour participation
Carer’s labour participation was estimated using a published equation, based on an analysis of survey data by Statistics Canada (Lilly et al., 2010,

Martins et al., 2022):
P(LFP)yjes = — 0.308 — 0.275Ageso_ss — 0.843Agess_so — 1.531Agegy_75 +0.339Spouse (A.8)

P(LFP) = —0.661 — O.249Age5o,54 — 0.781Age55,59 — 1.470Ag660,75 —0.1 13Sp0use (A.g)

Females

Where Agepin-max to0k the value of 1 if the carers’ age would fall in that range and 0 otherwise. The upper limit of Agego.75 was assumed to equal the
maximum age of employment. Spouse would take the value of 1 for spouses and 0 for child caregivers. Other parameters from the original probit
equations (primary/secondary carers, region of birth, education, and the number of children below the age of 15) were excluded as no data were
available from the GERAS I study. Higher uncertainty is acknowledged due to the lack of these data.

The proportion of full-time equivalent (FTE) among employed carers was based on the following equations, also sourced from the same publication
(Lilly et al., 2010).

Proportiongrepmes = exp(—0.045Primary; — 0.032Care;y — 0.089Care;s — 0.156Carey) (A.10)

Proportiongrepemaes = €Xp(—0.037Primaryg + 0.023Care;o — 0.022Care;s — 0.018Carey) (A.11)

Where Primarycg took the value of 1 for primary carer and 0 otherwise, and Care;y, Care;s and Carezy took the value of 1 if informal care was
provided for more than 10, 15 or 20 h weekly, respectively, and took the value of 0 otherwise.

Fiscal consequences

Gross income from employment

Table A3
Annual gross earnings by age (per capita).

Annual gross earnings*

Age bands (years) Males Females
60+ £31,715 £18,973
50 to 59 £42,305 £26,137
40 to 49 £44,552 £28,043
30 to 39 £38,093 £27,076
22 to 29 £28,932 £23,001
18 to 21 £14,034 £10,680

Source: (ONS, 2021d).
* Weighted for the distribution of full-time and part-time in the general population.

Financial support received by the cohort affected by AD

Table A4
Average biannual financial support provided to PWAD (per capita): ESA, PIP, AA.

Biannual financial support (per capita)

Age bands (years) ESA due to Diseases of the Nervous System PIP due to Dementia AA due to Dementia
Daily Living Award Mobility Award

80+ - - - £2,079
75-79 - - - £2,052
70-74 - £3,748 £3,362 £2,056
65-69 £2,457 £3,805 £3,337 £2,058
60-64 £2,614 £3,812 £3,284 -
55-59 £2,858 £3,820 £3,292 -
50-54 £3,069 £3,775 £3,320 -
45-49 £3,203 £3,784 £3,153 -
40-44 £3,309 £3,747 £3,090 -
35-39 £3,309 £3,900 £1,980 -
30-34 £3,306 £3,828 £1,911 -
25-29 £3,306 £1,416 £0 -
18-24 £3,151 £0 £0 -

AA, Attendance Allowance; ESA, Employment and Support Allowance; PIP, Personal Independence Payment; PWAD, people with Alzheimer’s disease.
Sources: (DWP, 2021¢, DWP, 2021d, DWP, 2021e, DWP, 2021a).

12



A.T. Paquete et al. The Journal of the Economics of Ageing 23 (2022) 100413

Table A5
Average biannual financial support provided to carers of PwAD (per capita): Carer’s
Allowance.
Age bands (years) Carer’s Allowance
65+ £1,580
60-64 £1,753
55-59 £1,754
50-54 £1,754
45-49 £1,754
40-44 £1,754
35-39 £1,754
30-34 £1,754
25-29 £1,754
18-24 £1,753

PwAD, people with Alzheimer’s disease.
Source: (DWP, 2021b).

Financial support received by the comparator cohort

Table A6
Proportion of people receiving ESA due to Disease of the Nervous System (PwAD’s comparator cohort).
Males Females

Age band (years) Work Related Activity group Support group Work Related Activity group Support group
65+ 0.00 % 0.03 % 0.00 % 0.03 %
60-64 0.06 % 0.49 % 0.06 % 0.60 %
55-59 0.06 % 0.43 % 0.05 % 0.54 %
50-54 0.05 % 0.36 % 0.05 % 0.45 %
45-49 0.05 % 0.30 % 0.04 % 0.37 %
35-44 0.04 % 0.23 % 0.03 % 0.25 %
25-34 0.03 % 0.22 % 0.02 % 0.19 %
18-24 0.01 % 0.13 % 0.01 % 0.11 %

ESA, Employment and Support Allowance; PWAD, people with Alzheimer’s disease.
Source: (DWP, 2021c).

Table A7
Average biannual amount of ESA due to diseases of the nervous system (PwAD’s comparator cohort).
Males Females

Age band (years) Work Related Activity group Support group Work Related Activity group Support group
65+ £2,014 £1,473 £3,442 £3,382
60-64 £2,362 £1,680 £3,546 £3,470
55-59 £2,641 £2,100 £3,694 £3,540
50-54 £2,875 £2,422 £3,813 £3,641
45-49 £2,997 £2,615 £3,880 £3,722
35-44 £2,999 £2,799 £3,839 £3,784
25-34 £2,994 £2,886 £3,718 £3,715
18-24 £2,744 £2,721 £3,567 £3,581

ESA, Employment and Support Allowance; PWAD, people with Alzheimer’s disease.
Source: (DWP, 2021c).
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Table A8
Proportion of people receiving PIP due to dementia (PwAD’s comparator cohort).
Males Females Males Females

Age band Daily Living - Daily Living - Daily Living - Daily Living - Mobility Award -  Mobility Award Mobility Award -  Mobility Award
(years) Enhanced Standard Enhanced Standard Enhanced - Standard Enhanced - Standard
70+ 0.03 % 0.00 % 0.02 % 0.00 % 0.03 % 0.00 % 0.02 % 0.00 %
65-69 0.17 % 0.01 % 0.14 % 0.01 % 0.16 % 0.02 % 0.13% 0.01 %
60-64 0.12 % 0.01 % 0.10 % 0.00 % 0.11 % 0.01 % 0.09 % 0.01 %
55-59 0.04 % 0.00 % 0.04 % 0.00 % 0.04 % 0.01 % 0.04 % 0.00 %
50-54 0.01 % 0.00 % 0.01 % 0.00 % 0.01 % 0.00 % 0.01 % 0.00 %
45-49 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %
40-44 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %
35-39 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %
30-34 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %
25-29 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %
20-24 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %

PIP, Personal Independence Payment; PWAD, people with Alzheimer’s disease.
Source: (DWP, 2021d, DWP, 2021e).

Table A9
Average biannual amount of PIP due to dementia (PwAD’s comparator cohort).
Males Females Males Females

Age band Daily Living - Daily Living - Daily Living - Daily Living - Mobility Award -  Mobility Award Mobility Award -  Mobility Award
(years) Enhanced Standard Enhanced Standard Enhanced - Standard Enhanced - Standard
70+ £3,779 £2,378 £3,813 £2,471 £3,950 £3,949 £2,764 £2,848
65-69 £3,849 £2,476 £3,879 £2,554 £3,941 £3,939 £2,738 £2,671
60-64 £3,871 £2,451 £3,902 £2,454 £3,934 £3,934 £2,637 £2,592
55-59 £3,867 £2,218 £3,898 £2,596 £3,950 £3,937 £2,637 £2,606
50-54 £3,865 £2,397 £3,887 £2,273 £3,942 £3,932 £2,715 £2,562
45-49 £3,823 £2,284 £3,843 - £3,940 £3,961 £2,332 £2,617
40-44 £3,895 £2,278 £3,854 - £3,935 £3,961 £2,168 £2,694
35-39 £3,847 - £3,953 - £3,961 £3,953 - -
30-34 £3,962 - £3,694 - £3,823 - - -

25-29 £2,831 -
20-24 -

PIP, Personal Independence Payment; PWAD, people with Alzheimer’s disease.
Source: (DWP, 2021d, DWP, 2021e).

Table A10
Proportion of people receiving AA due to dementia (PWAD’s comparator cohort).
Males Females

Age band (years) Lower Rate Higher Rate Lower Rate Higher Rate
80+ 0.97 % 1.90 % 1.43% 2.67 %
75-79 0.40 % 0.75 % 0.65 % 1.13%
70-74 0.30 % 0.58 % 0.44 % 0.77 %
65-69 0.19 % 0.38 % 0.27 % 0.46 %

AA, Attendance allowance; PWAD, people with Alzheimer’s disease.
Source: (DWP, 2021a).

Table A11
Average biannual amount of AA due to dementia (PwAD’s comparator cohort).
Males Females

Age band (years) Lower Rate Higher Rate Lower Rate Higher Rate
80+ £1,558 £2,326 £1,558 £2,326
75-79 £1,558 £2,326 £1,558 £2,326
70-74 £1,558 £2,326 £1,558 £2,326
65-69 £1,558 £2,326 £1,558 £2,326

AA, Attendance allowance; PWAD, people with Alzheimer’s disease.
Source: (DWP, 2021a).
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Table A12

Proportion of people receiving CA (Carer’s comparator cohort).
Age band (years) Males Females
65+ 0.34 % 0.67 %
60-64 2.16 % 4.15 %
55-59 1.75% 3.70 %
50-54 1.52% 3.59 %
45-49 1.35% 3.83%
40-44 1.18% 4.06 %
35-39 1.04 % 4.14 %
30-34 0.89 % 3.54 %
25-29 0.74 % 1.96 %
18-24 0.87 % 1.22%

CA, Carer’s Allowance.
Source:(DWP, 2021b).

Table A13

Average biannual amount of CA (Carer’s comparator cohort).
Age bands (years) Males Females
65+ £1,646 £1,515
60-64 £1,754 £1,753
55-59 £1,754 £1,754
50-54 £1,754 £1,754
45-49 £1,754 £1,754
40-44 £1,755 £1,754
35-39 £1,755 £1,754
30-34 £1,755 £1,754
25-29 £1,754 £1,754
18-24 £1,753 £1,753

CA, Carer’s Allowance.
Source:(DWP, 2021b).

Prevalence of MCI-AD

Table A14

Age-specific prevalence of MCI in the overall population.
Age band (years) MCI %
80+ 25.2 %
75-79 14.8 %
70-74 10.1 %
65-69 8.4 %
60-64 6.7 %
50-59 3.4 %~

MCI, mild cognitive impairment.
" Assumed to be half the prevalence for those aged 60-64 years old.
Source: (Petersen et al., 2018).

Pensions

Table A15
Monetary value of state pensions.
Age bands (years Weekly amount (£)
90+ £158
85-89 £164
80-84 £158
75-79 £150
70-74 £151
65-69 £159

Source:(ONS, 2021a).
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Additional results

Table A16
Incremental base case results disaggregated by health state and mean annual costs.
Total T_otal T(?tal Healthcare .Total. Total Incremental Ll Weighted cost per life
Earnings direct | Indirect costs Financial transfers results years year lived with AD
tax tax support (PwAD)
Cohort MCI-AD £61,184 | £18,845 £7,664 -£6,718 -£1,390 -£8,108 £18,401 3.18 £5,786* £5,7861
unaffected | Ap- | ADonset | £22.640 | £6973 | £2,853 £4,302 £1,192 | -£5494 £4,332 1.49 £2,908*
by AD dementia | oooo | £30333 | £12,115 | £4997 | -£15.044 | -£5587 | -€20.631 | -£3.520 7.07 £498 Kl
Cohort MCI-AD £56,616 | £17,438 £7,099 -£8,573 -£4,329 -£12,902 £11,635 3.18 £3,658* £3,6581
affected AD- AD onset | £12,494 £3,848 £1,833 -£5,264 -£3,938 -£9,201 -£3,520 1.40 -£2,519* .
by AD dementia | ~oo. o | £15718 | £4,841 | £4,762 | -£28,622 | -£43,630 | -£72,252 -£62,649 3.88 -£16,142% 180607
Incremental annual cost MCI-AD £2,1287
per capita AD-dementia | -£21,070

AD, Alzheimer’s disease; PWAD, person with Alzheimer’s disease; MCI-AD, mild cognitive impairment due to Alzheimer’s disease.
* Incremental results divided by life-years of the person with AD life-years.

f Mean annual fiscal burden per person with MCI-AD.

{ Mean annual fiscal burden per person with AD-dementia.

£16,000 = PwAD

= = =PwAD (comparator)
£14,000

Carer
£12,000

Carer (comparator)

£10,000

£8,000

£6,000

£4,000

£2,000

£0

- % X = x * * * I T IR i e S a3 a3 a3
0 5 10 15 20 25

Time since MCI onset (Years)

Fig. A2. Gross earnings from employment in PWAD and carer vs comparators unaffected by AD (per capita). MCI, mild cognitive impairment; PWAD, people with
Alzheimer’s disease.
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Fig. A3. Tax and financial support to PWAD and carer vs comparators unaffected by AD (per capita). MCI, mild cognitive impairment; PWAD, people with Alz-

heimer’s disease.
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