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Abstract.
Background: Dementia prevalence is expected to increase as populations grow and age. Therefore, additional resources will
be needed to meet the global demand for care for Alzheimer’s disease and related dementias (ADRD).
Objective: Estimate global and country-level health care spending attributable to ADRD and the cost of informal care for
people living with ADRD.
Methods: We gathered data from three systematic literature reviews and the Global Burden of Disease 2019 study. We used
spatiotemporal Gaussian process regression to impute estimates for the many countries without underlying data. We projected
future costs to 2050 based on past trends in costs, diagnosis rates, and institutionalization rate.
Results: We estimated that in 2019, the direct health care spending attributable to ADRD across 204 countries reached
$260.6 billion (95% uncertainty interval [UI] 131.6–420.4) and the cost of informal ADRD care was $354.1 billion (95% UI
190.0–544.1). On average, informal care represents 57% (95% UI 38–75%) of the total cost of care. We estimated that direct
health care spending attributable to ADRD will reach $1.6 trillion (95% UI 0.6–3.3) in 2050, or 9.4% (95% UI 3.9–19.6%)
of projected health spending worldwide. We estimated the cost of informal care will reach $0.9 trillion (95% UI 0.3–1.7) in
2050.
Conclusions: These cost estimates underscore the magnitude of resources needed to ensure sufficient resources for people
living with ADRD and highlight the role that informal care plays in provision of their care. Incorporating informal care cost
estimates is critical to capture the social cost of ADRD.
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INTRODUCTION

Currently over 57 million people are living with
Alzheimer’s disease and other dementias (hereafter
referred to as dementia) worldwide.1 This popula-
tion is expected to grow to over 150 million by
2050, with the largest increases in the Middle East,
North Africa, and eastern sub-Saharan Africa. As
the world’s population grows and ages, dementia is
becoming a growing priority in many countries.2

∗Correspondence to: Joseph L. Dieleman, PhD, 3980 15th Ave.
NE, Seattle, WA 98195, USA. Tel.: +1 206 897 3840; E-mail:
dieleman@uw.edu.

Dementia represents a significant economic bur-
den, and historically treatment options have been
limited. The progressive nature of the condition and
lack of treatment options lead to extensive demand
for personal care. This care, whether provided at a
nursing home, by formal (paid) caregivers at home,
or by informal (unpaid) caregivers such as family
or friends, leads to high societal costs of dementia.
In countries with aging populations, health policy is
often focused on keeping individuals out of nurs-
ing homes and in the community.3,4 While it is
important to support individuals who want to live
independently, some studies have found that care in
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the community can be more expensive than nursing
home care when the cost of informal care is taken
into account.5 Understanding the full societal costs
of dementia will be increasingly important as pol-
icymakers plan for the aging population and new
disease-modifying treatments change the dementia
care landscape.

A recent study by Wimo and colleagues6 estimated
the global cost of dementia at US$1.3 trillion in 2019.
This number includes all direct spending and caregiv-
ing provided to people living with dementia, rather
than costs that are attributable solely to dementia.
About half of the reported cost (US$651.4 billion)
was due to informal care, with the remaining $661.9
billion going to direct costs, including the cost of
long-term care. A prior study by Jia and colleagues
found similar results, estimating that the global cost
of dementia in 2015 was $958 billion and would
increase to $2.5 trillion by 2030.7

Pedroza and colleagues8 focused on direct costs
but used a detailed modeling framework that esti-
mated separate costs for people who have diagnosed
versus undiagnosed dementia, and those who live in
nursing homes versus in the community. With this
approach, their global estimates for direct spend-
ing on dementia were close to estimates from Wimo
and colleagues. They estimated that $594 billion was
spent worldwide on people living with dementia in
2019, with $263 billion being attributable to demen-
tia. Other studies have found even higher economic
burdens of dementia. Using the value of a statistical
life to value the economic impact of dementia, Nandi
and colleagues estimated global costs of dementia
and found an economic burden of $2.8 trillion in
2019.9 While informative, these previous studies tend
to be focused only on direct spending (Pedroza et
al), ignore cost of informal care (Nandi et al), or are
based on older data (Jia et al). 7 Of the existing global
estimates for the cost of dementia care, our study is
closest to the work by Wimo and colleagues.6 We add
to their work in a few ways. First, we estimate direct
spending attributable to dementia rather than direct
spending on people living with dementia, i.e. we
adjust the costs downward to account for the fact that
many people living with dementia also have comor-
bidities that require care. We also explicitly model the
percent of individuals with dementia symptoms who
have a diagnosis. This allows us to estimate costs for
diagnosed versus undiagnosed individuals separately,
which is particularly important for a condition like
dementia which often goes undiagnosed, even in high
resource countries.10 We also allow this percentage

to vary in future scenarios, given that improvements
to the timeliness of dementia diagnoses is often listed
as a goal in national dementia plans.11

Our work creates estimates for direct and indi-
rect costs of dementia for 204 countries from 2000
through 2019 and projects these costs to 2050 under
multiple scenarios. We use the framework developed
by Pedroza and colleagues8 to model the fraction of
people living with dementia who are undiagnosed, as
well as the fraction of people who are living in nurs-
ing homes. Modeling these parameters allows us to
examine the impact of accelerated diagnosis rates or
institutionalization rates on future health spending.

METHODS

Overview

We model both direct and indirect costs of demen-
tia. As the components included in these groups
can vary in cost of illness studies, we define them
as follows. Direct costs include medical spending
such as doctor appointments, hospital visits, prescrip-
tion drugs, paid home care, and nursing home care.
Indirect costs include lost productivity of caregivers,
operationalized as their estimated lost wages. While
lost productivity of the person with the condition is
often included in cost of illness studies, none of the
studies we reviewed included this cost component.

Given the lack of formal treatment options, the
stigma around a dementia diagnosis, and the lack
of health care access in many parts of the world, it
is relatively common for people to be living with
undiagnosed dementia. For the purposes of estimat-
ing costs, we model people living with undiagnosed
dementia and people living with diagnosed demen-
tia separately. Our model also distinguishes between
those living in nursing homes and those living in the
community, due to the high cost of nursing facil-
ities. Consequently, we model separately the costs
for four groups of people living with dementia:
diagnosed individuals in nursing homes, diagnosed
individuals in the community, undiagnosed individu-
als in nursing homes, and undiagnosed individuals in
the community. Modeled inputs used to make these
estimates included 1) the population and dementia
prevalence rates for each country and year, 2) diag-
nosis rates among prevalent cases, 3) the rate of
nursing home–based care versus community-based
care among diagnosed cases, 4) the rate of nursing
home–based care among undiagnosed cases, and 5)
the cost per patient of dementia care for patients
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receiving nursing home–based care and patients
receiving community-based care. A diagram of our
model is presented in Supplementary Figure 4.

We conducted systematic reviews to gather data
on direct costs of dementia in the community and
in institutions, the fraction of people living with
dementia who have a formal diagnosis, the rate of
nursing home–based care versus community-based
care among diagnosed cases, the rate of nursing
home–based care among undiagnosed cases, and
time spent on informal caregiving. Many countries
did not have any data on dementia costs, diagnosis
rates, or caregiving available. To create estimates for
all countries and years, we use a modeling process
called spatiotemporal Gaussian progress regression
(ST-GPR).12 Covariates that are available for all
countries and year (e.g., total health expenditure),
are selected using out-of-sample cross-validation
to determine which have the strongest predictive
power for the parameter in question, e.g., diagno-
sis rates. Predictions using these covariates are used
as a prior distribution, which is then updated using
the observations from the systematic review data
using a Gaussian process. We sampled 1,000 draws
from the resulting distribution of each modeled ele-
ment (dementia prevalence, diagnosis rates, nursing
home–based care rates among patients diagnosed
and undiagnosed with dementia, and unit costs), and
performed all calculations at the draw level to prop-
agate uncertainty throughout the modeling process.
Because of the dearth of primary input data and the
reliance on modeling, we consider these estimates
to be high-quality approximations and expect that
true spending and costs will vary, in some cases sub-
stantially, from our estimates. Moving forward, more
primary input data are needed to ensure more precise
estimates less reliant on modeling.

Data

We used data from the following sources to
generate our estimates of dementia costs. Disease
prevalence estimates and forecasts were extracted
from the Global Burden of Disease (GBD) 2019
study.1 These prevalence estimates include the fol-
lowing dementia subtypes: Alzheimer’s disease,
vascular, Lewy Body, brain injury, alcohol-related,
frontotemporal, and mixed dementia. As a sensi-
tivity analysis, we created additional cost estimates
using high and low prevalence rates based on the
85th and 15th percentile estimates from the GBD
study. Diagnosis rates, the percentage of people with

dementia symptoms who have a diagnosis of demen-
tia, came from a systematic review conducted on
November 29, 2022, on PubMed, Embase, and Web
of Science. The search terms used were (demen-
tia[MeSH Terms] OR alzheimer* OR dementia)
AND (diagnosis[MeSH Terms] OR diagnosis) AND
(“undiagnosed diseases”[MeSH Terms] OR “undiag-
nosed” OR “un-diagnosed” OR “under-diagnosed”
OR “underdetected” OR “under-detected” OR
“underdetection” OR “under-detection” OR “under-
recognition” OR “under-recognition”). Further detail
can be found in the Supplementary Material. Under-
diagnosis of dementia is costly to study, given that
cognitive assessments must be conducted on a repre-
sentative sample of the population. We were able to
find data on dementia diagnosis rates for 18 countries,
and ST-GPR modeling was used to create a com-
plete set of estimates.12 In summary, ST-GPR models
give significant weight to observed data and, in the
absence of data, the models borrow strength across
time and geographies to generate a complete set of
estimates along with uncertainty intervals. Covariates
that are available across all countries and years are
also included in the ST-GPR model to increase its pre-
dictive power. The covariates used in our model of the
dementia diagnosis rate were total health expenditure
and the fraction of the population over 65.13

Data on the fraction of diagnosed individuals
receiving nursing home–based care were extracted
from a second literature review, and then a complete
set of estimates were modeled using ST-GPR. The
second literature review used the terms (“Demen-
tia”[MeSH Terms] OR alzheimer* OR dementia)
AND (“Costs and Cost Analysis”[MeSH Terms]
OR “Health Expenditures”[MeSH Terms] OR “Cost
of Illness”[MeSH Terms]). It was conducted on
November 29, 2022, on PubMed, Embase, and
Web of Science. Those not receiving nursing
home–based care were considered to be receiving
community-based care. The percentage of people
with undiagnosed dementia who live in a nursing
home can be calculated based on other model param-
eters. A detailed derivation of this parameter can be
found in the Supplementary Material. The covariate
used in our model of care settings was GDP.

Data on annual health care costs for a person liv-
ing with dementia were extracted from the second
systematic literature review, described above. For this
process, the unit cost of dementia care was calculated
as the average annual cost for treating a demen-
tia patient, stratified by patients receiving nursing
home–based care versus community-based care. Due
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to limited data, we used ST-GPR to model dementia
unit costs across all countries and years and to gen-
erate uncertainty. The covariate used in our model of
unit costs was GDP.

Data on caregiving hours provided by informal
(unpaid) caregivers was extracted from a third lit-
erature review. The third literature review used the
terms (“Dementia”[MeSH Terms] OR alzheimer*
OR dementia) AND ((patient care[MeSH Terms])
OR (informal care)) AND ((hours) OR (“caregiving
time”)). It was conducted on November 29, 2022, on
PubMed, Embase, and Web of Science. The covari-
ate used in our model of caregiving hours was the
Socio-demographic Index (SDI). The SDI is a proxy
for development that combines multiple indicators
and has been shown to be well correlated with health
outcomes.14,15 It is calculated as a composite of total
fertility in women under 25, income, and education.
Some studies report aggregate caregiving time, while
others report time by time spent assisting with activ-
ities of daily living, instrumental activities of daily
living, and supervision, or various subsets of these
categories. Therefore, our model estimates coeffi-
cients for each of these three categories. Our results
are inclusive of all time spent on caregiving, i.e. the
sum of time spent on supporting activities of daily
living, instrumental activities of daily living, and
supervision time.

Data on caregiver sex was also extracted from a
subset of the sources found in the third literature
review. The outcome variable modeled was the per-
centage of caregivers who are female. The covariates
used in our model of caregiver sex were the frac-
tion of the population over 65 and the percentage of
the population that is female. Outliers for all models
were identified using Cook’s distance.16 A list of the
outliers excluded from analysis can be found in the
Supplementary Material.

To estimate the value of caregivers’ time, we first
split caregiving hours proportionally based on the
percentage of caregivers who are male and female.
We did not have data on the age breakdown of care-
givers; therefore, we used the average wages by
sex for each country and year. The average wages
were estimated using a multi-step modeling pro-
cess to combine wages data from the International
Labour Organization and the Luxembourg Income
Study.17,18 We first used ST-GPR modeling based on
the International Labour Organization wage data to
create an intermediate set of wage estimates that cover
each country and year. We then created a final set of
wage estimates based on the Luxembourg Income

Study wage data, using ST-GPR and the intermediate
wage estimates as a covariate. Finally, to account for
the fact that some caregivers would likely not have
been in the workforce, we scaled the wages by the
labor force participation rate for each sex-country-
year group.19

Using average wages and labor force participation
rates for males and females assumes that within each
sex, caregivers represent a random sample of individ-
uals. However, caregivers are not a random sample
of individuals, and their forgone wages are likely
to be lower for several reasons. Caregivers of peo-
ple living with dementia are often above traditional
retirement age; some caregivers are able to continue
with paid employment while providing care; and
caregivers with lower educational attainment provide
more hours of care on average.20 As a sensitivity anal-
ysis to account for caregivers having a below-average
likelihood of being in the workforce, we estimated
the costs of caregiving after adjusting the labor force
participation rates down by 50%. Scaling the wage
rate by the labor force participation rate implicitly
assumes the leisure of lost due to caregivers has no
value. We therefore conducted an additional sensi-
tivity analysis in which labor force participation rate
is set to 100% for all demographic groups, thereby
valuing lost leisure time at the prevailing wage rate.

Attributable costs

Direct costs: Not all medical spending on peo-
ple living with dementia is attributable to dementia;
some of the spending is due to comorbidities. As part
of our systematic review of unit costs, we found 34
sources that contained information on the percentage
of costs that are attributable to dementia. We con-
ducted a mixed-effects meta-regression21 with the
data points from these sources to estimate the per-
centage of spending that is directly attributable to
dementia care, rather than to care for other conditions.
Studies that compared a group of people living with
dementia to a control group but did not control for age,
sex, or comorbidities were excluded from this anal-
ysis. We also performed a sensitivity analysis where
these studies were included. Our model used care set-
ting as a moderator and included four care settings:
nursing home, community, mixed, or not reported.
Given the small amount of data on attributable costs
of dementia, we estimated one attributable fraction
per care setting that was applied across all countries
and years. To estimate uncertainty around our esti-
mates, we ran a simulation based on the results of
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our meta-analysis. A more detailed explanation can
be found in the Supplementary Material. Due to the
lack of data on attributable costs of dementia for undi-
agnosed patients, we assumed that the attributable
fraction for undiagnosed persons with dementia was
half of that for persons diagnosed with dementia, fol-
lowing Pedroza and colleagues.8 We performed high
and low sensitivity analyses using 75% and 25% of
the attributable fraction for diagnosed patients.

The final unit cost was calculated by multiplying
the estimated unit cost in each care setting by the
corresponding attributable fraction.

Indirect costs: Similarly, not all caregiving
hours provided to people living with dementia are
attributable to dementia. As part of our systematic
review of unit costs, we found 6 sources that con-
tained information on the percentage of caregiving
time that is attributable to dementia. We conducted a
mixed-effects meta-regression with the data points
from these sources to estimate the percentage of
informal care that is directly attributable to demen-
tia, rather than to comorbidities. The final annual
informal care cost attributable to dementia was calcu-
lated by multiplying the estimated informal care cost
by the caregiving attributable fraction. Unless other-
wise specified, all estimates presented in this paper
reflect health care spending and informal care costs
attributable to dementia.

Modeling

Attributable health care spending and attributable
informal care costs were estimated for each coun-
try and year from 2000 through 2019. Costs for
each of the four modeled groups are calculated as
follows: First, for diagnosed individuals in nursing
homes, attributable costs were estimated as the total
population multiplied by the dementia prevalence
rate, the diagnosis rate, the percentage of diagnosed
individuals in a nursing home setting, and the unit
cost of medical spending for individuals in nurs-
ing homes, scaled by the attributable fraction for
diagnosed patients in a nursing home setting. Sec-
ond, for undiagnosed individuals in nursing homes,
attributable costs were estimated as the total pop-
ulation multiplied by the dementia prevalence, one
minus the diagnosis rate, the percentage of undi-
agnosed individuals in a nursing home setting, and
the unit cost of medical spending for individuals
in nursing homes, scaled by the attributable frac-
tion for undiagnosed individuals in nursing homes.
An attributable fraction for undiagnosed individuals

could not be estimated directly, due to a lack of data
on dementia treatment for people with undiagnosed
dementia. Therefore, we assumed that the percentage
of direct medical spending for undiagnosed individ-
uals in nursing homes that is attributable to dementia
is half of the value for diagnosed individuals in nurs-
ing homes. We also assumed that individuals living
in nursing homes had no informal caregiving hours.

The third and fourth modeled groups are the diag-
nosed and undiagnosed individuals living in the
community. For diagnosed individuals in the com-
munity, attributable costs were estimated as the total
population multiplied by the dementia prevalence
rate, the diagnosis rate, one minus the percentage of
diagnosed individuals in a nursing home setting, and
the total cost per prevalent case. The total cost for this
group is the sum of direct and indirect costs; the direct
cost is the unit cost of medical spending for indi-
viduals in the community, scaled by the attributable
fraction for diagnosed patients in the community, and
the indirect cost is the annual caregiving hours mul-
tiplied by the expected caregiver wage, scaled by the
attributable fraction for caregiving. Finally, for undi-
agnosed individuals in the community, attributable
costs were estimated as the total population multi-
plied by the dementia prevalence rate, one minus the
diagnosis rate, one minus the percentage of diagnosed
individuals in a nursing home setting, and the total
cost per prevalent case. For undiagnosed individuals
living in the community, we assumed that they did not
have any medical spending attributable to dementia
and therefore their total costs were solely composed
of indirect costs. While we did not find any sources
that report caregiving time for undiagnosed individ-
uals living with dementia, we assumed that informal
caregiving hours were the same for diagnosed or undi-
agnosed individuals living in the community.

Projections

We modeled country-specific dementia costs from
2020–2050 for a baseline scenario and four alternate
scenarios. For our baseline forecast, we measured the
country-specific annualized rates of change (AROC)
for unit costs of medical spending for both nurs-
ing home–based care and community-based care
and assumed these rates would continue through
2050. For the parameters that represent a percent-
age and are bounded between 0 and 1—diagnosis
rates and nursing-home based care rates—we mod-
eled the change from 2000 to 2019 as linear. To
estimate future dementia prevalence, we used age-
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sex-specific projections for populations by country
from GBD 2019 and multiplied these by age-sex-
specific dementia prevalence rate projections from
Nichols and colleagues.1 All future health spend-
ing estimates were adjusted to represent only costs
attributable to dementia, as with the retrospective
estimates.

Alternate scenarios. We modeled attributable
dementia health care spending for the period
2020–2050 for four alternative scenarios. In all sce-
narios, we assumed that dementia prevalence was
unchanged from our baseline scenario. For the first
three alternative scenarios, we assumed that one
of the following parameters—diagnosis rates, nurs-
ing home–based care rates, or unit costs—increased
at an accelerated pace. To estimate the accelerated
pace, we used the 85th percentile of the AROCs
observed across countries for 2000–2019 as a mini-
mum rate of change. If a country-specific AROC was
lower than the 85th percentile AROC in the base-
line scenario, we used the 85th percentile AROC
to approximate a realistic but accelerated rate of
increase. If a country-specific AROC was at or above
the 85th percentile, it remained unchanged. For the
fourth alternative scenario, we assumed that the nurs-
ing home–based care rate grew at a decelerated pace,
using the 15th percentile AROC observed across all
countries as a maximum rate of change. If a country-
specific AROC was at or below the 15th percentile,
it remained unchanged. This scenario was included
due to preliminary evidence that newly available
disease-modifying drugs may enable people living
with dementia to stay in their homes longer.22

RESULTS

From our systematic review of dementia diagnosis
rates, we identified a total of 874 results for title and
abstract screening, of which six proceeded to full arti-
cle review and extraction and standardization. From
our systematic review of dementia costs, we identified
a total of 1,357 results for title and abstract screen-
ing, of which 30 proceeded to full article review and
extraction. From our systematic review of dementia
caregiving, we identified a total of 1,263 results for
title and abstract screening, of which 77 proceeded
to full article review and extraction (see the Supple-
mentary Material for details of the three systematic
reviews).

Our meta-regression estimated that 41% (95%
uncertainty interval [UI] 29–54%) of the health

care spending on patients receiving community-
based care who are diagnosed with dementia can be
attributed to dementia care (Supplementary Figure 5).
For patients receiving nursing home–based care who
are diagnosed with dementia, we estimated that 74%
(95% UI 32–99%) of total spending was attributable
to dementia. For patients with dementia who receive
nursing home–based care, but who lack a dementia
diagnosis, we estimated that 37% (95% UI 16–49%)
of spending was attributable to dementia. For indirect
cost, our meta-regression estimated that 58% (95%
UI 51–65%) of caregiving hours were attributable
to dementia (Supplementary Figure 6). Unless oth-
erwise noted, all estimates herein have been adjusted
to reflect these attribution rates.

We estimated that in 2019, health care spend-
ing attributable to dementia was $260.6 billion
(95% UI 131.6–420.4) and the cost of caregiving
attributable to dementia was $354.1.2 billion (95%
UI 190.0–544.1), bringing the total societal cost
to $614.8 billion (95% UI 403.1–861.3) (Table 1).
Globally, 71% (95% UI 67–75%) of caregivers
were female. This proportion was even higher for
low–income countries, with 85% (95% UI 80–90%)
being female. The costs of dementia care are not
distributed globally according to dementia preva-
lence. While high-income countries accounted for
78.8%% of total spending (95% UI 74.8–82.8%),
they accounted for just 43.8% of total prevalence
(95% UI 43.1–44.5%) in 2019. From 2000 to 2019,
our estimates indicate that direct costs grew faster
than informal care costs. We estimated an annual
growth rate of 4.15% (95% UI 1.81–6.57%) for direct
costs and 3.65% (95% UI 0.00–6.83%) for infor-
mal care costs. Growth rates for both direct costs
and informal care costs were highest in the South-
east Asia, East Asia, and Oceania GBD super-region
and lowest in the high-income GBD super-region
(Table 1). A complete set of modeled cost esti-
mates reported at the country level are included in
the Supplementary Material in both US dollars and
purchasing power parity (Supplementary Tables 21
and 22). Findings from our sensitivity analyses were
qualitatively similar to our baseline findings and are
shown in Supplementary Tables 29–36.

The direct costs of dementia made up 3.0% (95%
UI 1.5–4.9%) % of total health spending13 in 2019,
varying from 3.5% (95% CI 1.8–5.6%) in high-
income countries to only 0.1% (95% CI 0.1–0.2)
in low-income countries. If past trends continue,
dementia care will take up an increasing share
of total health spending, climbing to 9.4% (95%
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Table 1
Total cost of dementia in 2019 and annualized rate of change from 2000 to 2019 by World Bank Income Group and Global Burden of Disease super-region. All costs are adjusted for comorbidities

Direct cost
attributable to
dementia in 2019 (In
millions of USD)

Indirect cost (In
millions of USD)

Total cost (In millions
of USD)

Annualized rate of
change 2000 to 2019
direct cost

Annualized rate of
change 2000 to 2019
indirect cost

Annualized rate of
change 2000 to 2019
total cost

Global $260 600
($131 600–$420 400)

$354 100
($190 000–$544 100)

$614 800
($403 100–$861 300)

4.2% (1.8%–6.6%) 3.6% (0.0%–6.8%) 3.9% (1.8%–5.7%)

World Bank Income Group
High income $238 800

($120 700–$382 400)
$245 800
($125 900–$387 200)

$484 600
($315 800–$674 100)

3.8% (1.5%–6.2%) 2.7% (–0.9%–5.9%) 3.2% (1.2%–5.0%)

Upper middle income $20 900
($10 700–$34 500)

$91 800
($48 700–$137 700)

$112 700
($67 500–$163 400)

11.0% (7.9%–14.3%) 7.4% (4.0%–10.5%) 7.9% (5.1%–10.5%)

Lower middle income $1 000
($500–$1 600)

$13 900
($7 900–$20 100)

$14 900
($9 000–$21 200)

7.6% (4.7%–10.7%) 5.3% (2.3%–7.6%) 5.4% (2.6%–7.6%)

Low income $33
($15–$54)

$2 600
($1 900–$3 300)

$2 600
($1 900–$3 300)

4.8% (2.0%–7.7%) 4.6% (2.9%–6.0%) 4.6% (2.9%–6.0%)

Global Burden of Disease Super Regions
Central Europe,
Eastern Europe, and
Central Asia

$3 700
($1 900–$6 200)

$17 900
($8 900–$27 400)

$21 600
($12 700–$31 700)

6.5% (3.4%–9.7%) 5.0% (1.3%–8.2%) 5.3% (2.3%–7.9%)

High-income $235 900
($119 300–$377 400)

$237 700
($121 700–$374 100)

$473 600
($308 200–$658 700)

3.8% (1.5%–6.2%) 2.6% (–1.0%–5.8%) 3.2% (1.2%–4.9%)

Latin America and
Caribbean

$2 500
($1 300–$4 100)

$13 600
($7 200–$20 000)

$16 000
($9 700–$22 900)

6.1% (3.0%–9.3%) 4.2% (0.9%–6.9%) 4.5% (1.7%–6.8%)

North Africa and
Middle East

$1 100
($500–$1 800)

$4 000
($1 800–$6 600)

$5 100
($2 800–$7 900)

6.7% (3.9%–9.7%) 4.8% (0.8%–8.6%) 5.2% (2.0%–8.2%)

South Asia $400
($200–$700)

$5 500
($3 500–$7 300)

$5 900
($4 000–$7 800)

11.1% (8.1%–14.2%) 6.7% (4.3%–8.2%) 6.9% (4.8%–8.4%)

Southeast Asia, East
Asia, and Oceania

$16 900
($8 600–$27 900)

$70 300
($36 300–$107 100)

$87 100
($51 500–$126 800)

14.0%
(10.8%–17.3%)

8.8% (5.4%–11.9%) 9.5% (6.8%–12.2%)

Sub-Saharan Africa $200
($100–$300)

$5 100
($3 400–$6 800)

$5 300
($3 600–$7 000)

4.7% (1.9%–7.7%) 4.0% (1.8%–5.6%) 4.0% (1.9%–5.6%)
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CI 3.9–19.6%) globally by 2050 (Supplementary
Table 26).

Our global estimate for societal costs attributable
to dementia was $79 (95% UI 52–111) per capita in
2019 (Table 2). Of this cost, $34 (95% UI 17–54)
was for direct medical spending and $46 (95% UI
25–70) was for informal care. Per capita costs of
dementia increase with GDP per capita, ranging from
$3.56 (95% UI 2.57–4.55) in World Bank–defined
low-income countries to $401 (95% UI 262–558) in
high-income countries (Table 1, Supplementary Fig-
ure 7). Table 2 also shows costs per prevalent case
of dementia. The per-case direct costs increase with
GDP, but the indirect costs follow a U-shaped pattern,
with slightly higher costs in the low-income region
than the lower-middle-income region.

The uneven distribution of costs is particularly pro-
nounced for direct spending, with high-income coun-
tries accounting for 91.6% (95% UI 90.3–92.7%) of
direct costs (Fig. 1A) despite only making up 37.3%
(95% UI 35.9–38.5%) of prevalent cases. In terms
of informal care, the distribution of costs is slightly
more balanced, with high-income countries account-
ing for 69.2% (95% UI 64.7–73.5%) of indirect costs
(Fig. 1A). Globally, we estimated that 85.4% (95% UI
80.8–89.2%) of people living with dementia are liv-
ing in the community, with the remainder in nursing
home care (Fig. 1B). Nursing homes have an out-
sized impact on the cost of dementia care, making
up 69.6% (95% UI 49.4–80.4%) of the direct cost
of dementia. However, when informal care costs are
included, nursing home–based care drops to 25.7%
(95% UI 11.7–41.7%) of global costs.

To examine the role of dementia prevalence and
age structure in total cost, we decomposed the
cost of dementia into five components—the age-
standardized prevalence; the ratio of prevalence
to age-standardized prevalence, herein denoted age
ratio; the direct cost; the number of caregiving hours;
and the expected wage (wage scaled by labor force
participation) of the caregiver. Most regions with
older populations also had higher direct costs and
higher indirect costs due to higher expected wages for
caregivers. Eastern Europe, Southern Latin America,
East Asia, and the Caribbean were the only exceptions
that had older than average populations but below
average costs.

Informal caregiving is a large component of
dementia care in all countries, but it plays an espe-
cially important role in some low-income countries
(Fig. 3). While absolute costs for both direct medical
spending and caregiving are higher in high-income

countries, the relative contribution of caregiving to
total costs decreases with GDP (Fig. 3). In many sub-
Saharan African countries, the costs of dementia are
almost entirely due to informal care.

Although informal care makes up a decreasing
share of dementia care as GDP rises, the cost of
informal care is increasing with GDP (Fig. 4A).
This increase in cost occurs despite estimated per-
case annual hours of caregiving declining with GDP
(Fig. 4B), highlighting the large differences in wages
across countries.

Under our baseline scenario, dementia costs will
increase from $79 (95% UI 52–111) per person in
2019 (Table 2) to $268 (95% UI 132–490) in 2050
(Table 3). The scenario with accelerated diagnosis
rates led to estimated dementia spending of $273
(95% UI 134–499) per person. Using the 85th per-
centile for the accelerated diagnosis rate did not lead
to large changes, with the global average diagnosis
rate reaching 20% (95% UI 16–24%) in the base-
line scenario versus 23% (95% UI 19–28%) in the
accelerated scenario (Table 4). The scenario with
accelerated nursing home–based care rates yielded
global spending estimates of $282 (95% UI 142–509
per person, while the scenario with decelerated
nursing home–based care rates yielded spending esti-
mates of $236 (95% UI 117–$434) per person. Of
the parameters modified by these scenarios, acceler-
ating the direct costs had the largest impact, leading to
per-person costs of $336 (95% UI 177–575) in 2050
(Table 2).

DISCUSSION

We updated the work of Pedroza and colleagues8

and extended their models to include the cost of
informal care. We estimated that the global costs
of dementia were approximately US$600 billion in
2019 and are likely to rise to over $2 trillion by 2050.
Despite a goal from the World Health Organization
(WHO) Action Plan on the Public Health Response to
Dementia 2017–20254 for 50% of countries to have a
50% diagnosis rate for individuals living with demen-
tia by 2025, we estimated that only 13% (95% UI
10–16%) of individuals living with dementia had a
diagnosis in 2019. We also found that a large majority
of people living with dementia live in the community,
with only 12% (95% UI 10–14%) living in nursing
homes.

Our estimate of US$600 billion for the world-
wide cost of dementia in 2019 is substantially smaller
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Table 2
Costs per capita and costs per prevalent case of dementia in 2019 by World Bank Income Group and Global Burden of Disease super-region. All costs are adjusted for comorbidities

Direct cost
attributable to
dementia per person
in 2019 (USD)

Indirect cost per
person (USD)

Total cost per person
(USD)

Direct cost
attributable to
dementia per case in
2019 (USD)

Indirect cost per case
(USD)

Total cost per case
(USD)

Global $34
($17–$54)

$46
($25–$70)

$79
($52–$111)

$4 542
($2 357–$7 239)

$6 169
($3 328–$9 391)

$10 711
($6 989–$14 549)

World Bank Income Group
High income $198

($100–$317)
$204
($104–$321)

$401
($262–$558)

$11 181
($5 751–$17 612)

$11 506
($5 970–$18 035)

$22 687
($14 522–$31 073)

Upper middle income $8
($4–$13)

$34
($18–$51)

$42
($25–$61)

$831
($433–$1 368)

$3 656
($2 011–$5 346)

$4 487
($2 765–$6 303)

Lower middle income $0.31
($0.15–$0.51)

$4
($3–$6)

$5
($3–$7)

$101
($50–$167)

$1 467
($851–$2 063)

$1 568
($951–$2 158)

Low income $0.04
($0.02–$0.07)

$4
($3–$5)

$4
($3–$5)

$22
($11–$37)

$1 768
($1 309–$2 177)

$1 790
($1 334–$2 199)

Global Burden of Disease Super Regions
Central Europe, Eastern
Europe, and Central Asia

$9
($5–$15)

$43
($21–$66)

$52
($30–$76)

$704
($371–$1 163)

$3 398
($1 741–$5 140)

$4 102
($2 385–$5 790)

High-income $218
($110–$348)

$219
($112–$345)

$437
($284–$608)

$11 857
($6 100–$18 648)

$11 946
($6 188–$18 741)

$23 803
($15 237–$32 597)

Latin America and
Caribbean

$4
($2–$7)

$23
($12–$34)

$28
($17–$39)

$646
($339–$1 071)

$3 555
($1 902–$5 100)

$4 201
($2 491–$5 808)

North Africa and Middle
East

$2
($1–$3)

$7
($3–$11)

$8
($5–$13)

$392
($183–$652)

$1 426
($670–$2 322)

$1 818
($1 005–$2 730)

South Asia $0.23
($0.1–$0.38)

$3
($2–$4)

$3
($2–$4)

$81
($39–$134)

$1 089
($729–$1 384)

$1 170
($805–$1 479)

Southeast Asia, East Asia,
and Oceania

$8
($4–$13)

$33
($17–$50)

$40
($24–$59)

$902
($459–$1 485)

$3 754
($2 018–$5 591)

$4 657
($2 877–$6 587)

Sub-Saharan Africa $0.16
($0.07–$0.26)

$5
($3–$6)

$5
($3–$7)

$92
($45–$154)

$2 760
($1 890–$3 525)

$2 853
($1 978–$3 641)
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Fig. 1. Dementia prevalence and costs by World Bank income group and care setting/diagnosis status in 2019.

Fig. 2. Das Gupta decomposition by GBD region.

than the estimate of US$1.3 trillion from Wimo
and colleagues.6 The largest difference between our
methodologies is that Wimo reported all spending
on people living with dementia, while we estimated

costs attributable to dementia by implementing a
comorbidity adjustment for both direct and indirect
costs. This approach avoids double-counting costs for
people with more than one condition, which is par-
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Fig. 3. Informal care fraction of total dementia spending versus GDP per capita. Notes: In the linear regression equation shown, x represents
the log base 10 of GDP and y represents the fraction of total spending on informal care.

ticularly relevant for dementia as multimorbidity is
known to increase with age.23 Our global cost esti-
mate without comorbidity adjustment was US$1.1
trillion, aligning more closely to Wimo’s estimate.

The additional sources found in our updated
systematic reviews resulted in significant changes rel-
ative to the work by Pedroza and colleagues.8 Our
diagnosis rate was smaller than the rate of 29% found
by Pedroza and colleagues, due largely to a diag-
nosis rate of only 4% in Thailand that was added
from our systematic review. Our rate of people living
with dementia who are in nursing homes was also
much smaller than the estimate of 23% from Pedroza
and colleagues. High-income Asian Pacific countries
had much smaller rates of nursing home residence in
our model due to new data from South Korea. These
large downward revisions highlight the sparsity of
data underlying our models and the pressing need for
data from a wider geographic representation.

We estimated that the indirect cost of informal care
for people living with dementia makes up over half
of the societal cost, echoing findings from Wimo
and colleagues.6 While there are massive differ-

ences in costs between high-income countries and
low-income countries, the inclusion of indirect costs
narrows the gap somewhat. We estimated that direct
costs in World Bank–defined high-income countries
were over 7,000 times higher than direct costs in low-
income countries, but when considering all costs, the
ratio of high- to low-income countries drops to 186.
Despite high-income countries providing fewer hours
of informal care than low-income countries, the cost
of informal care rises steeply with GDP, reflecting
the higher wages in high-income countries. In many
countries, particularly in sub-Saharan Africa, almost
100% of the costs of dementia are from informal care.

Under our baseline scenario which assumes a con-
tinuation of growth rates from 2000 through 2019,
we estimated that the per capita cost of dementia
care will more than triple by 2050. Under an acceler-
ated direct cost scenario, the per capita cost in 2050
would be approximately 25% higher than under the
baseline scenario. Scenarios that accelerate or decel-
erate the proportion of individuals who live in nursing
homes did not have a large impact on expected cost.
A decrease in the proportion of individuals who live
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Fig. 4. A) Annual informal care cost per case versus GDP per capita. In the equation shown, x represents the log base 10 of GDP. and y
represents the log base 10 of the cost of informal care. B) Annual informal caregiving hours per case versus GDP per capita. In the equation
shown, x represents the log base 10 of GDP, and y represents the number of caregiving hours provided per year.

in nursing homes is offset by an increase in the cost of
informal care, leading to a small overall cost impact.

As the prevalence of dementia continues to rise, the
projected increase in costs threatens to burden health
care systems significantly. Our finding that informal
care makes up over half of the total cost of dementia
highlights the large amount of unpaid care provided
by family and friends of those living with dementia
throughout the world. The importance of caregivers
has been stressed by WHO, as one of the action areas
in their global plan is support for caregivers.4 Invest-
ing in caregiver support and training has been shown
to decrease caregiver burden and improve quality
of life for both caregivers and people living with
dementia.24 This reliance on informal care faces a
potential crisis as demographic shifts lead to an older
population structure with fewer younger caregivers
available. Policymakers should develop sustainable
strategies to fund medical costs of dementia and sup-
port caregivers.

There are several limitations to this analysis. Most
importantly, primary data on dementia costs, diagno-
sis rates, and caregiving are sparse, and missingness
is concentrated in low-income regions. We were only

able to find one study from an African country. To
deal with the large amount of missingness, our mod-
eling approach relies on data that are available for
all countries to make informed predictions for coun-
tries where no primary data are available. These data
include economic and demographic indicators, but
they do not include cultural norms. Cultural dif-
ferences are known to affect caregiver motivation,
wellbeing, and burden; however, there is limited
research on whether these differences translate to
more or fewer hours of care provided.25–29 One chan-
nel through which cultural factors may impact the
amount of care provided is through coresidency, as
caregivers who live with their care recipient tend to
provide more care.30 However, even in cultures with
high levels of familism, socioeconomic factors play
a large role in determining the likelihood of adult
children residing with their parents.31 Cultural fac-
tors will also likely impact the decision to transfer
a loved one who is living with dementia to a nurs-
ing home, although government policies play a large
role in these outcomes.32 Within the US, studies have
shown that Hispanic and Black caregivers are more
likely to provide high-intensity care (defined as over
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Table 3
Estimated attributable dementia spending, by World Bank income groups and GBD super regions, 2050 – baseline and alternative scenarios

Cost attributable to
dementia 2050 (In
millions of USD)

Cost per person
attributable to
dementia – baseline
(USD)

Cost per person
attributable to
dementia –
accelerated diagnosis
rates

Cost per person
attributable to
dementia –
accelerated unit costs

Cost per person
attributable to
dementia –accelerated
nursing homed based
care rates

Cost per person
attributable to
dementia –decelerated
nursing homed based
care rates

Global $2 478 000
(1 218 200–4 581 500)

$268
(132–490)

$273
(134–499)

$336
(177–575)

$282
(142–509)

$236
(117–434)

World Bank Income Group
High income $1 038 000

(560 200–1 711 400)
$863
(459–1 425)

$892
(475–1 475)

$1 364
(691–2 296)

$966
(512–1 571)

$826
(440–1 366)

Upper middle income $1 353 100
(605 500–2 739 100)

$525
(234–1 044)

$527
(235–1 048)

$532
(241–1 042)

$526
(235–1 047)

$426
(183–878)

Lower middle income $71 200
(31 900–130 500)

$18
(8–33)

$18
(8–34)

$18
(8–33)

$18
(8–33)

$17
(7–32)

Low income $15 700
(8 000–24 700)

$11
(5–17)

$11
(5–17)

$11
(6–17)

$11
(5–17)

$11
(5–17)

Global Burden of Disease Super Regions
Central Europe,
Eastern Europe, and
Central Asia

$84 500
(38 800–149 200)

$218
(102–398)

$224
(105–411)

$227
(113–394)

$219
(102–400)

$216
(98–390)

High-income $995 800
(541 600–1 638 500)

$917
(490–1 522)

$948
(507–1 576)

$1 461
(748–2 469)

$1 029
(544–1 683)

$879
(471–1 457)

Latin America and
Caribbean

$52 200
(23 900–93 100)

$79
(36–141)

$81
(37–145)

$97
(50–164)

$81
(37–143)

$75
(34–136)

North Africa and
Middle East

$30 700
(13 600–57 200)

$36
(16–68)

$39
(17–73)

$46
(22–81)

$38
(17–71)

$31
(13–59)

South Asia $31 700
(15 200–55 300)

$15
(7–27)

$15
(7–27)

$15
(7–27)

$15
(7–27)

$14
(7–25)

Southeast Asia, East
Asia, and Oceania

$1 257 200
(556 200–2 564 000)

$626
(278–1 255)

$626
(278–1 255)

$630
(284–1 256)

$627
(278–1 256)

$502
(213–1 047)

Sub-Saharan Africa $25 800
(12 600–42 700)

$12
(6–20)

$12
(6–20)

$12
(6–20)

$12
(6–20)

$12
(6–20)
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Table 4
Diagnosis rates and nursing home care rates in 2019 and 2050

Diagnosis rates
2019

Diagnosis rates
2050 (Baseline)

Diagnosis rates
2050
(Accelerated)

Nursing home-based
care rates 2019

Nursing home-based
care rates 2050
(Baseline)

Nursing home-based
care rates 2050
(Accelerated)

Nursing home-based
care rates 2050
(Decelerated)

Global 13%
(10–16%)

20%
(16–24%)

23%
(19–28%)

12%
(10–14%)

14%
(12–17%)

17%
(14–20%)

8%
(6–9%)

World Bank Income Group
High income 42%

(35–52%)
56%
(47–68%)

64%
(55–75%)

29%
(25–34%)

28%
(23–34%)

39%
(33–45%)

22%
(18–27%)

Upper middle income 12%
(10–15%)

30%
(24–36%)

32%
(27–40%)

12%
(10–14%)

21%
(18–25%)

22%
(19–26%)

8%
(7–10%)

Lower middle income 5%
(4–6%)

8%
(7–11%)

11%
(9–14%)

7%
(6–8%)

9%
(7–11%)

10%
(8–12%)

5%
(4–6%)

Low income 3%
(2–3%)

4%
(3–5%)

6%
(5–8%)

4%
(3–5%)

5%
(4–6%)

6%
(5–7%)

3%
(2–3%)

Global Burden of Disease Super Regions
Central Europe,
Eastern Europe, and
Central Asia

15%
(12–19%)

23%
(18–29%)

29%
(24–36%)

13%
(11–16%)

16%
(13–19%)

18%
(15–22%)

9%
(8–11%)

High-income 45%
(37–55%)

59%
(50–71%)

68%
(58–78%)

30%
(25–35%)

28%
(23–34%)

39%
(34–46%)

23%
(19–28%)

Latin America and
Caribbean

17%
(13–22%)

29%
(23–36%)

34%
(27–41%)

10%
(8–11%)

12%
(10–14%)

14%
(12–17%)

7%
(6–8%)

North Africa and
Middle East

8%
(6–10%)

11%
(9–14%)

17%
(13–21%)

11%
(9–13%)

13%
(10–15%)

14%
(12–17%)

7%
(6–9%)

South Asia 4%
(3–6%)

9%
(7–11%)

11%
(8–14%)

6%
(5–8%)

10%
(8–12%)

10%
(9–12%)

5%
(4–6%)

Southeast Asia, East
Asia, and Oceania

9%
(7–11%)

27%
(22–33%)

27%
(22–33%)

11%
(9–13%)

21%
(18–24%)

22%
(19–26%)

8%
(6–9%)

Sub-Saharan Africa 3%
(3–4%)

4%
(3–5%)

8%
(6–10%)

5%
(4–6%)

6%
(5–7%)

8%
(6–9%)

4%
(3–4%)
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50 hours per week) but did not control for the level
of impairment of the care recipient. While cultural
norms certainly affect caregiving decisions, we have
no evidence to indicate that they are biasing our care-
giving estimates in one direction.

Another limitation was the inability to estimate
attributable fractions by age group for both direct
spending and caregiving. The attributable fractions
would likely vary with age due to an increasing num-
ber of comorbidities with older age, and estimating
the attributable fraction by age group would allow
us to adjust the overall attributable fraction for each
country based on its age profile. Unfortunately, no
studies in our systematic review reported attributable
fractions of either direct spending or caregiving by
age.

An additional limitation of the caregiving meta-
analysis was the variation in how caregiving was
estimated. Some sources include supervision time
while some only include caregiving support for activ-
ities of daily living and instrumental activities of daily
living. Due to the small amount of data available,
we included all sources with an attributable fraction
for caregiving despite these differences. Including
sources that do not measure supervision time likely
biases our attributable fraction downward, as super-
vision time is more often needed for dementia than
for other comorbidities.

Another limitation of this work is the use of mean
wages to value caregiving time. Using the mean wage
covers up substantial heterogeneity in the demo-
graphics of caregivers and ignores the connection
between a caregiver’s wage and their decision to pro-
vide care. This metric also does not include employer
contributions that provide a monetary value, such
as retirement plans or health insurance. Finally, we
made strong assumptions around informal care hours,
specifically that individuals living in nursing homes
receive zero hours of care and that undiagnosed indi-
viduals living in the community receive the same
number of hours of informal care as diagnosed indi-
viduals.

Conclusion

As life expectancy continues to increase through-
out the world, dementia prevalence will increase in
many countries. Our estimates highlight the grow-
ing demand for resources for dementia care, which
will be occurring in conjunction with additional needs
associated with an aging population.
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