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ABSTRACT

Introduction More than two-thirds of people with
dementia live in low- and middle-income countries
(LMICs), resulting in a significant economic burden in these
settings. In this systematic review, we consolidate the
existing evidence on the cost of dementia in LMICs.
Methods Six databases were searched for original
research reporting on the costs associated with all-cause
dementia or its subtypes in LMICs. The national-level
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dementia costs inflated to 2019 were expressed as
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percentages of each country’s gross domestic product
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GDP. The risk of bias of studies was assessed using the
online (http://dx.d oi.org/10.
Larg and Moss method.
1136/b mjgh-2021-0 07409).
Results We identified 14 095 articles, of which 24 studies
met the eligibility criteria. Most studies had a low risk of bias.
Of the 138 LMICs, data were available from 122 countries. The
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total annual absolute per capita cost ranged from US$590.78
for mild dementia to US$25 510.66 for severe dementia. Costs
increased with the severity of dementia and the number of
comorbidities. The estimated annual total national costs of
dementia ranged from US$1.04 million in Vanuatu to US$195
billion in China. The average total national expenditure on
dementia estimated as a proportion of GDP in LMICs was
0.45%. Indirect costs, on average, accounted for 58% of the
total cost of dementia, while direct costs contributed 42%.
Lack of nationally representative samples, variation in cost
components, and quantification of indirect cost were the major
methodological challenges identified in the existing studies.
Conclusion The estimated costs of dementia in LMICs are
lower than in high-income countries. Indirect costs contribute
the most to the LMIC cost. Early detection of dementia and
management of comorbidities is essential for reducing costs.
The current costs are likely to be an underestimation due to
limited dementia costing studies conducted in LMICs, especially
in countries defined as low- income.
PROSPERO registration number The protocol was
registered in the International Prospective Register of
© Author(s) (or their
Systematic Reviews database with registration number
employer(s)) 2022. Re-use
CRD42020191321.
permitted under CC BY.

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Previous review and studies on the economic bur-

den of dementia are heavily based on high-income
countries, while a larger proportion of people with
dementia lives in low- and middle-income countries
(LMICs).
⇒ No reviews on the economic burden of dementia
or determinants of the cost have been published
before.

WHAT THIS STUDY ADDS
⇒ This is the first systematic review focused on the

economic burden of dementia in LMICs.
⇒ Our review established that in LMICs, indirect cost is

the major contributor to the high economic burden
of dementia. The costs increase as the severity and
number of comorbidities increases.
⇒ Our study findings emphasise that the studies from
LMICs faced methodological challenges, especially in the recruitment of participants, standardisation of measured costs items, and indirect cost
components.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY
⇒ Based on our study findings, we recommend that

⇒

⇒

⇒

Published by BMJ.
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⇒

INTRODUCTION
Dementia is a syndrome causing deterioration in memory, thinking, behaviour and

future research studies on the economic burden
of dementia in LMICs use standardised methods to
measure the direct and indirect costs.
Inclusion of reduced working time data from patient
and caregiver and informal caregiving time outside
the reduced work time without double counting in
the indirect costing calculation are encouraged.
Nationally representative samples of dementia
patients, including community-dwelling and institutionalised people, are required to allow for comparisons between countries.
The health systems in LMICs should focus on the
slowdown of dementia progression and control of
comorbid conditions to reduce the direct cost of dementia in the long run.
Assistance for caregivers of people living with dementia in these regions should be enhanced to
reduce the burden of caregiving, thus, the indirect
cost.
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METHOD
Search strategy and selection criteria
The systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).14 A comprehensive search in
six electronic databases (EconLit, EMBASE, PubMed,
Cochrane Review (DARE), ERIC and PsycINFO) was
performed. The search strategy was based on three
broad search strings (‘cost of illness’) AND (‘Dementia’
OR ‘AD*’) AND (LMICs). The complete search strategy
can be found in online supplemental material pages 1-6.
Potentially relevant publications were retrieved from the
databases from inception to September 2020, without
language restriction. Additional literature was identified
by snowballing the reference list of the eligible studies
and via a grey literature search of government and international agencies reports.
2

Study selection
We included studies based on three criteria: original
research article, reported the economic burden for
cause dementia and/or its types, and the study
all-
setting was in LMICs. The search included 138 LMICs
according to the World Bank in 202015. Quantitative
studies which reported any cost of dementia, including
direct medical, direct non-medical and indirect costs
were included. We did not assess the intangible cost
as it was challenging to quantify their monetary value.
Studies on economic evaluation of specific dementia
interventions, editorials, animal studies, reviews, case
studies and case series were excluded. Selection criteria
were not limited to any specific language, thus minimising language bias.
Two reviewers (SMM and AMM) independently
screened the title and abstract, followed by full-
text
screening. Disagreements were resolved by consensus
or by consulting a third reviewer (DM). The PRISMA
flow chart illustrating the screening process is shown
in figure 1. For studies in which the price year was not
reported, the publication year was used. One reviewer
(SMM) collected data from each report, and the research
team confirmed data validity.
Data analysis
Data on author(s), publication year, type of dementia,
study design, aims, participants (sample size, mean
age, gender), economic components, data sources, cost
unit(s), estimates of total costs, currency, comorbidities
reported, price year and key findings were extracted. The
risk of study bias was assessed using the Larg and Moss
method16 as shown in online supplemental table 1.
Data were synthesised under the following domainsstudy characteristics, key findings, studies’ methodological quality and estimation of dementia costs. All costs
were inflated from the reported year to 2019 values
using country-specific Consumer Price Index (CPI) data
from the World Bank17 and subsequently converted to
US dollars (US$) according to the recommendations of
Turner 2019.18 The most updated data were used in the
final cost summary measures for studies estimating cost
from the same data source at different time points.
To further facilitate comparison of dementia costs at the
national level across countries, we estimated the cost of
dementia, as a percentage of the country’s GDP in 2019.
Unweighted means and means weighted by population
(to account for the differences in population size) were
calculated. Data on population size, CPI, exchange rate
and GDP were obtained from the World Bank website19
and, if unavailable, were taken from the International
Monetary Fund20 and other appropriate available sources
listed in the online supplemental table 2.
Patient and public involvement
Patients were not involved in the design or conduct of
this systematic review.
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the physical functioning.1 It is estimated that 50 million
people are living with dementia globally.2 More than two-
thirds of them were in low- and middle-income countries
(LMICs).3 In 2015, the estimated global economic burden
of dementia was US$818 billion or 1.09% of aggregated
global gross domestic product (GDP).3 This figure is
projected to reach US$2 trillion by 2030.2 However, these
estimates are heavily based on studies from high-income
countries (HICs). Indeed, only 10% of the studies in this
estimation were from LMICs.2 As such, current cost of
global dementia may not be representative of the LMICs.
Levels of mental functioning and dependency deteriorate as dementia progresses to a severe stage.4 Therefore, the cost will vary with disease severity. Existing
reviews have shown differences in the direct medical,
direct non-
medical and indirect costs associated with
dementia.5–8 Studies from HICs have reported that the
indirect costs are higher than direct costs.9–11 The main
drivers of dementia costs in HICs are home based care
and nursing costs.7 There is lack of such studies from
LMICs, but the costs are expected to be different from
HIC due to differences in services, infrastructure and
cultural perception of ageing and dementia (eg, disease
vs not a disease).12 A thorough review of the dementia
costs and its contributors in LMICs is also necessary to
inform stakeholders to plan the healthcare and social
care delivery for people affected by dementia in these
countries.
Given the urgency for increased efforts to improve
outcomes of dementia in LMICs,13 the importance of
good-
quality economic data is unquestionable. Also,
identifying the challenges in estimating the dementia
costs specific to LMICs will be crucial to develop methodological recommendations to improve the quality of
economic data from these settings. This review aimed to
systematically review existing evidence of dementia costs
in LMICs and to conduct methodological assessment of
the included studies.
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RESULTS
Study characteristics
We identified 14 095 studies after removing duplicates.
After title and abstract screening, 196 references were
selected for full-paper screening. Of these, 172 articles
were excluded (as shown in figure 1) based on the inclusion and exclusion criteria, including two near-missed
articles. One of the near misses was an editorial with a
brief estimation of Pakistan’s dementia cost using data
from India in 10/66 Dementia study.21 The second one
was a letter to the editor with an estimation of dementia
cost in Nigeria;22 both of the articles were not published
elsewhere. In total, 22 study articles3 23–43 and 2 published
theses30 44 were selected for inclusion.
Dementia costs from 122 LMICs (out of 138) were
reported within the included studies as shown in figure 2.
Table 1 summarises the key characteristics of the 24
included studies. The studies were categorised based on
the cost estimation sources. The first group includes 16
Mattap SM, et al. BMJ Global Health 2022;7:e007409. doi:10.1136/bmjgh-2021-007409

studies23–26 28–31 33 36–39 44–46 using collected original data,
the second group consists of 6 studies3 27 40–43 using prevalence estimates of dementia, and the third group includes
two studies32 35 using a combination of original data and
prevalence estimates. The first group reported patient-
level cost of dementia, except in two studies38 44 which
showed both patient-
level and total national expenditure estimate, and one study30 showed dementia cost as
per episode of care. In contrast, all the second and third
groups of studies,3 27 32 35 40–43 showed patient level and
total national expenditure estimate, except one study27
that measured change in net present value per person
and predicted China’s dementia burden from 2011 to
2050.
Out of all studies, 7 studies3 31 40–43 45 reported combination of LMICs (five studies were worldwide economic
burden from World AD Report (WAR) released by the AD’s
Association and 2 from 10/66 Dementia Group study),
16 studies23–30 33 35–39 44 46 were from upper-middle-income
3
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Figure 1 PRISMA flow chart. LMICs, low- and middle-income countries; PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.
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countries (UMICs) and 1 study32 from lower-
middle-
income countries (LRMICs). The studies from WAR3 40–43
are the most comprehensive cost estimation report of the
worldwide cost of dementia, but contribution from LMICs
countries’ original data within these reports is lacking;
thus costs imputations were done for the countries with
no data. Fourteen studies3 26 29–32 35 39–45 assessed the cost
of all-cause dementia, while eight studies23 24 27 28 36–38 46
assessed the cost of AD and two studies25 33 assessed the
cost of cause-specific dementia.
Most studies (n=183 23 24 26–28 31 32 35–38 40–45) costed
dementia from a societal perspective, while four
studies25 29 33 41 used a healthcare payer perspective, and
two studies30 39 used a healthcare provider perspective.
The most common study design was cross-
sectional
(n=1623–26 28–33 36–38 44–46), followed by five studies with
worldwide cost estimation report from WAR,3 40–43 two
longitudinal,35 39 and one simulation modelling27 (not
shown in table 1). Study data were frequently sourced
from the patient’s medical records and/or patient/
carer interviews (n=1623–26 28–31 33 35–38 44–46), followed
by national prevalence based estimates (n=63 27 40–43),
insurance claim data (n=139), and a combination of
medical records and cost assumption based on dementia
governing body (n=132). Although comorbidities are
major issues among for older dementia patients, only
eight studies24 26 28 36 38 39 44 45 assessed comorbidities either
in descriptively or as a determinant of dementia costs.
4

Of the 18 studies that collected patient-level primary
data, 14 studies23–26 28 29 31 33 35–38 45 46 recruited both patients
and informal caregivers; however, 2 studies32 44 did not
specify the caregiver information, and two studies30 33
did not include caregivers (due to data from hospital
medical records or insurer database). The study participants in all the 18 studies were aged 60-year-old and
above and with any severity of dementia except for one
study31 that excluded severe dementia. Most studies
(n=11)27 29–32 35 36 38 39 44 45 included patients from rural
and urban locations. Four studies24 25 33 45 with patient-
level data had recruited control samples.
Risk of bias and study methodology assessment
The full assessment of the risk of bias is shown in the
online supplemental table 1. In general, most studies
exhibited a low risk of bias in the analytical framework
and methodology sections, while moderate risk was
observed in the analysis and reporting section of the Larg
and Moss framework.
In the analytical framework component, all studies
exhibited low risk except for two studies29 37 in which
identification of the non-trivial cost components were
limited. Zencir et al37 did not report hospitalisation and
formal care costs but were acknowledged in the study
limitation section. Meanwhile, Mould-Quevedo et al29 did
not report the direct non-medical cost and indirect cost
in monetary value even though it is a societal perspective
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Figure 2 World map depicting study site included and excluded in this review based on World Bank countries’ income
classification, and number of studies in each site excluding the World AD’s Reports. LICs, low-income countries; LMICs, lowand middle-income countries; LRMICs, lower-middle-income countries; UMICs, upper-middle-income countries.
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China

China

Thailand

Ferretti et al, 201826

Jia et al, 201838

Keogh-Brown et al,
201627†

Kongpakwattana et
al, 201928

Argentina

Allegri et al, 200724

UMIC

UMIC

UMIC

UMIC

UMIC

UMIC

UMIC

World bank
classification

AD

AD

AD

Dementia

AD, FTD
and VaD

AD

AD

Dementia
type

Doctor
diagnosis

NA

NINCDS-
ADRDA

Doctor/nurse
diagnosis

DSM-IV-TR,
NINCDS-
ADRDA,
Lund and
Manchester
criteria, NINDS
AIREN criteria

NINCDS-
ADRDA

Clinical
diagnosis

Dementia
diagnosis

Societal

Societal

Societal

Societal

HC payer

Societal

Societal

Perspective

Descriptive cost;
patient level primary
data

Descriptive cost;
patient level primary
data

Descriptive cost;
patient level primary
data

Descriptive cost;
patient level primary
data

Costing approach/
method

Sample size: 148
patients, 148 caregivers,
no controls. Any AD
severity level.
Mean age=80.1 (8.0),
71% females; only
urban sample; mixed
community and nursing
institution based.

NA

Descriptive cost;
patient level primary
data

Multistate
probabilistic
simulation model
of AD progression;
national level data

Sample size: 3046
Descriptive analysis
patients, 3046
and prevalence-based
caregivers, no controls.
estimation; patient
Any AD severity level.
level primary data
Mean age=70–79*, 54%
and national level
females; urban and rural
assumption.
sample; multicentre and
cluster randomised.

Sample size: 156
patients, 156 caregivers,
no controls. Any
dementia severity level.
Mean age=72.9 (10.2),
58% females; only
urban sample; single
hospital based

Sample size: 106
patients, 106 caregivers,
30 controls. Any
dementia severity level.
Mean age=70.01 (4.83),
59% females; only
urban sample; single
clinic based

Sample size: 100
patients, 100 caregivers,
25 controls. Any AD
severity level.
Mean age=74.58
(7.76); 56% females;
only urban sample;
mixed community and
institutionalised.

Sample size: 300
patients, 300 caregivers,
no controls. Any AD
severity level.
Mean age=80 (4.56),
52% females; only
urban sample; AD
society.

Sample characteristics

Interview

Prevalence based

Interview and
Medical records

Interview

Interview and
Medical records

Interview

Interview and
Medical records

Data source

Annual cost per
person

Annual change in
net present value
GDP per person

Annual cost per
person and annual
total country’s
expenditure

Monthly cost per
person

3 months cost per
person

Annual cost per
person

Annual cost per
person

Costing level

✓

✓

✓

✓

✓

✓

✓

Direct
medical

✓

✓

✓

✓

✓

✓

✓

Direct Non-
medical

Reported cost

✓

✓

✓

✓

✓

✓

✓

Indirect

Continued

Yes

No

Yes

Yes

No

Yes

No

Comorbidities
assessed in the
cost analysis
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China,
Cuba,
Dominican
Republic,
India,
Mexico,
Peru,
Venezuela

Liu, 201345‡

Malaysia

Colombia

Argentina,
Brazil,
Chile, Cuba,
Dominican
Republic,
Guatemala,
Mexico,
Panama,
Peru,
Uruguay,
Venezuela,
China, India,
Nigeria

Nur et al, 201730

Prada et al, 201739

Prince et al, 200447

China

Malaysia

Koris, 201844‡

Mould-Quevedo et
al, 201329

Country

HIC, UMIC,
LRMIC

UMIC

UMIC

UMIC

UMIC, LRMIC

UMIC

World bank
classification

Dementia

Dementia

Dementia

Dementia

Dementia

Dementia

Dementia
type

DSM-IV

ICD-10

Doctor
diagnosis

DSM-IV-TR,
NINCDS-
ADRDA

Validated
10/66
dementia
diagnostic
algorithm
and/or DSM
IV dementia
criteria

Doctor
diagnosis

Dementia
diagnosis

Societal

HC provider

HC provider

HC payer

Societal

Societal

Perspective

Sample size: 706
patients, 706 caregivers,
no control. Severe
dementia excluded.
Mean age=NA; 53%
females; urban and rural
sample; multi-centre
community based.

Sample size: 340
patients, no caregivers,
no controls. Any
dementia severity level.
Mode age >50*; 57%
females; urban and rural
sample; insurance claim
database.

Sample size: 142
patients, no caregivers,
no controls. Any
dementia severity level.
Mean age=75 (8.05);
50% females; urban
and rural sample;
randomised multicentre
hospital based.

Sample size: 1387
patients, 1387
caregivers, no controls.
Any dementia severity
level.
Mean age=67.6 (12.8);
48% females; urban
and rural sample;
randomised multicentre
hospitals and nursing
institutions based.

Sample size: 1379
patients, 15 022
caregiver, 13 643
controls. Any dementia
severity level.
Mode age ≥80 * ; 67%
females; urban and rural
sample; single hospital
based.

Sample size: 404
patients, caregivers and
controls not specified.
Mode age =70–79*;
71% females; urban
and rural sample; single
hospital based.

Sample characteristics

Descriptive cost;
patient level primary
data

Descriptive cost;
patient level primary
data

Descriptive cost;
patient level primary
data

Descriptive cost;
patient level primary
data

Descriptive cost;
patient level primary
data

Descriptive cost;
patient and national
level primary data

Costing approach/
method

Interview and
Client Service
Receipt Inventory

Insurer database

Medical records

Interview

Interview and
Survey

Interview and
Medical records

Data source

Monthly cost per
person

Annual cost per
person

Per episode of care
per person

Monthly cost per
person

Annual cost per
person

Annual cost per
person and annual
total country’s
expenditure

Costing level

✓

✓

✓

✓

✓

✓

Direct
medical

✓

✗

✗

✓

✓

✓

Direct Non-
medical

Reported cost

✓

✗

✗

✓

✓

✓

Indirect

Continued

No

Yes

No

No

Yes

Yes

Comorbidities
assessed in the
cost analysis
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China

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Wang et al, 200834

Wimo et al, 200640

Wimo et al, 200742

Wimo et al, 201043

Wimo et al, 201340

Wimo et al, 20173

China

Argentina

Rojas et al, 201133

UMIC

HIC, UMIC,
LRMIC, LIC

HIC, UMIC,
LRMIC, LIC

HIC, UMIC,
LRMIC, LIC

HIC, UMIC,
LRMIC, LIC

HIC, UMIC,
LRMIC, LIC

UMIC

UMIC

LRMIC

World bank
classification

Dementia

Dementia

Dementia

Dementia

Dementia

Dementia

AD

AD, FTD
and VaD

Dementia

Dementia
type

ICD-10

Validated
10/66
dementia
diagnostic
algorithm
and/or DSM
IV dementia
criteria (for
LMIC from Liu,
2013)45

NA

NA

NA

NA

DSM-IV-TR

DSM-IV-TR,
NINCDS-
ADRDA,
Lund and
Manchester
criteria, NINDS
AIREN criteria

DSM-IV/
ICD 10

Dementia
diagnosis

Societal

Societal

Societal

Societal

Societal

HC payer

Societal

HC payer

Societal

Perspective

Sample size: 146
patients, 66 caregivers,
no control. Any
dementia severity level.
Mode age =75–79* |
62% females; urban
and rural sample; two
hospitals based.

NA

NA

NA

NA

NA

Sample size: 66
patients, 66 caregivers,
no control. Any AD
severity level.
Mean age=74 (53–90),
gender not specified;
urban sample; single
hospital based.

Sample size: 104
patients, 104 caregivers,
29 controls. Any
dementia severity level.
Mean age=68.8 (6.62);
53% females; only
urban sample; single
hospital based.

NA

Sample characteristics

Descriptive cost and
prevalence-based
estimation; national
level assumption.

Prevalence-based
estimation; national
level assumption.

Prevalence-based
estimation; national
level assumption.

Prevalence-based
estimation; national
level assumption.

Prevalence-based
estimation; national
level assumption.

Prevalence-based
estimation; national
level assumption.

Descriptive cost;
patient level primary
data

Descriptive cost;
patient level primary
data

Preavalence based
estimation; patient
level primary data
and national level
assumption.

Costing approach/
method
Data source

Medical records
and
Prevalence based

Prevalence-based

Prevalence based

Prevalence based

Prevalence based

Prevalence based

Interview

Interview

Medical records
and
cost assumption

Costing level

Annual cost per
person and annual
total country’s
expenditure

Annual aggregated
and per person
cost by major world
regions

Annual aggregated
and per person
cost by major world
regions

Annual aggregated
cost by major world
regions and country

Annual aggregated
cost by major world
regions and country

Annual aggregated
cost by major
regions

Annual cost per
person

Annual cost per
person

Annual cost per
person and annual
total country’s
expenditure

✓

✓

✓

✓

✓

✓

✓

✓

✓

Direct
medical

✓

✓

✓

✓

✓

✓

✓

✓

✓

Direct Non-
medical

Reported cost

✓

✓

✓

✓

✓

✗

✓

✗

✓

Indirect

Continued

No

No

No

No

No

No

No

No

No

Comorbidities
assessed in the
cost analysis
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Xu et al, 201735

India

Country

Rao and Bharath,
201332

Author, year
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*Mode.
†Keogh-Brown study is not a traditional cost-of-illness study.
‡From thesis publication.
AD, Alzheimer’s disease; ANOVA, Analysis of variance; CDR, Clinical Dementia Rating; DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria; FAST scale, Functional Assessment Staging Scale; FTD, frontotemporal dementia; GDP, gross domestic product; GLM, generalised linear
model; HC, healthcare; HIC, high-income country; ICD-10, International Classification of Diseases 10th Revision; LIC, low-income countries; LRMICs, lower-middle-income countries; NA, not available; NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke and Alzheimer’s Disease
and Related Disorders Association criteria; NINDS AIREN, National Institute of Neurological Disorders and Stroke and the Association Internationale pour la Recherche et l’Enseignement en Neurosciences; UMICs, upper-middle-income countries; VaD, Vascular Dementia.
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✓
✗
✓
Annual cost per
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Descriptive cost;
patient level primary
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Sample size: 42
patients, 42 caregivers,
no control. Any AD
severity level.
70.5 (8.9) | 62%
females; only urban
sample; single AD
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AD
Turkey
Zencir et al, 200537
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✓
✓
✓
Annual cost per
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Interview and
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Descriptive cost;
patient level primary
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Sample size: 3046
patients, 8041.4
caregivers, no control.
Any AD severity level.
Mean age=75.27 (9.4);
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Societal
NINCDS-
ADRDA
AD
UMIC
China

Costing level
Data source
Sample characteristics
Perspective
Country
Author, year

Yan et al, 201936

Indirect
Direct Non-
medical

Reported cost

Direct
medical
Costing approach/
method
Dementia
diagnosis
Dementia
type
World bank
classification

Continued
Table 1

8

study and misclassified paid caregiver under the indirect
cost category.
Low risk of bias was observed in the methodology and
data section except in three areas. First, most studies
(n=223 23–33 35–38 40–44 46) did not measure additional or
excess costs due to dementia. Second, the data sampling
by nine studies26 28 29 31 33 37 39 45 46 was not representative of
the study population stated in the aim. Out of 18 studies
conducted using primary data, only four studies30 36 38 44
obtained their data through random sampling, while the
remaining studies used convenient sampling. However,
all 18 studies include all dementia severity levels, except
one study31 in which severe dementia patients were not
represented. Third, two studies24 33 included cost components unrelated or not specific to dementia cost (ie,
ancillary study).
A moderate risk of bias was identified in the analysis and
reporting section. Twelve3 24 27 31 32 35 38–43 out of 24 studies
did not provide the range of cost estimates. Ten studies
did not report any sensitivity analysis.23 26 29–32 37 43 44 46 Ten
studies3 24 25 27 28 35 40–42 45 reported sensitivity analysis on
the important parameter estimates and key assumptions,
while four studies33 36 38 39 performed sensitivity analysis
only on the important parameter estimates. None of
the studies performed a sensitivity analysis on the point
estimates.
Two methodological criteria were assessed in detail:
quality of healthcare resources and indirect cost estimation. The quality of healthcare resources evaluation and
quantification were done appropriately in most studies.
However, variations in the individual cost components
were observed as shown in online supplemental tables
3-5.
All studies reported direct medical cost, but only 19
listed the individual cost components. The studies from
WAR3 40–43 did not separately report the direct medical
and direct non-
medical cost components. Important
direct cost components that were not reported in some
studies were medications (n=73 31 33 40–43), hospital stays
(n=323 25 37), and outpatients visits cost (n=231 45)
One of the major challenges regarding healthcare
quantification of direct cost is whether the data were
collected from private or public health facilities. Ten
studies24–27 30 31 33 39 44 45 collected data from private
(n=225 39) or public (n=230 33) or both (n=424 26 27 31),
including two studies44 45 which quantified private and
public direct cost separately. These two studies44 45
showed patients who went to private healthcare had a
higher cost than those who went to public healthcare
providers.
Direct
non-
medical
cost
was
included
in 21 studies.3 23–29 31–33 35 36 38 40–46 Sixteen
studies23–29 31–33 35 36 38 44–46 reported individual
components
including
transportation
(n=1123 26–28 32 35 36 38 44–46), paid caregivers
(n=924 25 27 28 31–33 44 46), nursing home or institutionalisation (n=623 24 32 35 36 38), meals or special diet (n=523 32 36 38 44),
special equipment (n=423 27 36 46), and nappy (n=225 26)
Mattap SM, et al. BMJ Global Health 2022;7:e007409. doi:10.1136/bmjgh-2021-007409
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Cost of dementia in LMICs
The economic burden of dementia was presented in
the included studies in various ways. While all studies
reported the cost of dementia as absolute cost, two studies
included the attributable cost of dementia.24 45 The cost of
dementia was also presented using the catastrophic health
expenditure in one study.44 The dementia costs estimation were reported as per person/per capita expenditure
(n= 1323–26 28 29 31 33 36 37 39 45 46), both total national expenditure and per person costs (n=93 32 35 38 40–44), per episode
of care,30 or change in net present value per person and
predicted dementia cost value year 2011–2015.27
The cost of dementia reported is summarised below,
separately as patient level and national level costs, and
derivative of absolute cost.
Costs of dementia per patient
Of the 22 studies3 23–26 28 29 31–33 35–41 43–46 which reported cost
of dementia per patient, 5 studies29 31 35 38 42 provided per
capita cost of all-cause dementia, 9 studies23 24 26 28 32 34 36 37 44
reported absolute cost of dementia by severity level, 1
study39 presented both absolute and attributable costs of
dementia by severity, and 1 study45 provided the attributable cost of dementia by severity. Two studies25 33 estimated per patient cause-
specific dementia costs. The
WAR studies3 40 41 43 estimated per capita costs at the
regional level.
The most recent predicted annual total costs of
dementia per patient in 2015, in UMICs is US$10 467, in
LRMICs is US$3865 and in low-income countries (LICs)
is US$939.3 Table 2 shows the annual absolute and attributable cost of dementia per patient by severity (n=11
studies), inflated to the year 2019. The total annual absolute per capita cost ranges from US$590.78 (mild) to
US$25 510.66 (severe). On average, the indirect cost is
the biggest contributor to dementia burden compared
with direct cost; however, both cost categories show wide
variation. The absolute annual direct cost ranges from
US$439.23 (mild) to US$6193.22 (severe). Meanwhile,
the indirect cost ranges from US$0 (mild) to US$7428.87
Mattap SM, et al. BMJ Global Health 2022;7:e007409. doi:10.1136/bmjgh-2021-007409

(severe). The total attributable cost ranges from US$0.03
(mild) to US$15.704.82 (severe).
All studies except one26 showed the costs increase with
disease severity, as shown in table 2. We did not extrapolate the cost of patient-level data to national estimates due
to a high risk of overestimation or underestimation due
to non-representativeness and the small size of samples.
Eleven studies3 25 29 31 33 35 38 40–43 with costs of dementia
per patient were not included in table 2. Two studies25 33
that reported the cost per patient by three common types
of dementia showed conflicting results. Frontotemporal
dementia (FTD) patients had the highest cost compared
with AD and vascular dementia (VaD) in Peru25; however,
in Argentina,33 VaDpatients had the highest annual direct
cost compared with AD and FTD. There was significant
variation in total costs of dementia of the same country as
per the results of five studies29 31 35 38 42 from China. The
total annual costs of dementia in China as inflated to the
year 2019 ranged from US$1332.9531 to US$52 163.3742
per patient, with median costs of US$7458.36.
Total national expenditure on dementia patients
Nine out of 24 studies3 32 35 38 40–44 reported the total
national expenditure or world regional classifications of
dementia costs. We calculated the annual cost of dementia
as the proportion of the country’s GDP for each country
inflated to 2019 as shown in online supplemental table
6. We excluded four studies due to the lack of country-
specific estimates3 40 41 and the availability of the most
recent study from China.35 The estimated annual total
national costs of dementia ranged from US$1.04 million
in Vanuatu to US$195 billion in China. The highest total
cost in percentage of GDP was 4.114% in Liberia, and
the lowest was 0.001% in Venezuela and Western Sahara.
Table 3 summarises the dementia cost as percentage
of GDP for all LMIC groups. The mean total cost of
dementia as a proportion of GDP in LMICs was 0.45%. On
average, the indirect cost was about 58% of the total costs
of dementia. The total costs of dementia as percentage of
country’s GDP ranged from 0.35% in LRMICs to 0.46% in
LICs. LICs had the lowest direct (0.15%) and the highest
indirect cost (0.44%) of dementia. LICs also had the
highest total costs percentage of GDP (0.46%), followed
by UMICs (0.43%) and LRMICs (0.35%). The most
updated total cost of dementia reported in LMICs was
US$148.2 billion in 2017, with the highest cost coming
from UMICs.3 The total LMIC cost inflated to 2019 was
US$264.8 billion.
Other dementia costs
Two studies have reported the extent of catastrophic
health expenditure caused by dementia. A study in Peru25
outlined that the monthly cost of a dementia patient is
2.5 times greater than the current legal minimum wage.
Meanwhile, it was found only 0.5% of dementia patients
in Malaysia faced an out-of-pocket cost exceeding the
40% threshold for health expenses due to almost total
subsidisation of government healthcare.44
9
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Indirect costs components included productivity
loss (income loss) of the caregiver and/or patient
and informal caregiver time and were assessed in 20
studies.3 23–29 31 32 35–38 40 42–46 Most studies utilised an
opportunity costing method (n=123 26 28 31 32 35 36 38 40 42–44)
compared with a replacement cost method (n=523–25 37 46)
to estimate caregiving burden. One study45 used the
human capital approach to value productivity loss, and
two studies27 29 did not report their indirect costing
method.
Out of 20 studies assessing indirect cost, caregiving
time was assessed in 15 studies,3 24–28 32 35 37 40 42–46 productivity work loss of informal caregiver was included
in 10 studies,23 26 27 29 31 32 35–38 and productivity work
loss of patient was included in 3 studies.35 36 38 Rarely,
health services for caregiver treatment were included
(n=326 36 38).
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26

 Liu, 2013

39

China

Colombia

1020

183

140

180

145

166

242

97.02

50.29
33.06

Ref.

14.32

35.27

33.06

0.01

153.95

18.41

*Direct cost comprises direct medical cost only (no direct non-medical cost).
LMICs, low- and middle-income countries; NA, not available.
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 Prada et al, 2017 *

 Liu, 201345

India

Mexico

45

 Liu, 2013

 Liu, 2013

Venezuela

Peru

Dominican Republic

45

 Liu, 201345

 Liu, 2013

45

 Liu, 201345

323

 

Attributable cost

Cuba

889.64

 

45

1317.24
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China

China
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66

NA
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Brazil

100

300
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201928
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Argentina

 
Iran

Absolute cost
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24

Country

628.40
308.41

171.42

44.59

1713.32

143.25

0.15

1521.06

445.40

1077.21

1556.26

1961.92

2626.46

NA

1683.64

1428.89

1776.17

NA

5677.09

743.89

588.56

1170.67

Moderate

Severe

1152.44
1007.72

2201.03

126.00

2112.41

1007.72

NA

1363.77

823.73

432.39

2465.88

2948.11

2645.26

NA

1902.71

2286.50

5723.13

NA

6193.22

927.15

1240.19

2666.67

Direct cost (US$)

296.64
254.00

NA

114.14

429.41

254.00

0.02

703.92

127.57

447.46

461.21

1559.88

160.42

NA

958.05

461.21

NA

NA

2272.90

6827.71

238.88

0

Mild

5671.60
5705.83

NA

3523.12

8296.82

5705.83

0.66

8448.67

3791.62

9934.47

1624.11

3073.08

1624.11

NA

1920.83

807.11

NA

NA

3002.96

13 276.62

263.27

616.64

Moderate

10 522.33
11 585.65

NA

5231.09

11 502.56

14 697.09

NA

11 668.73

6460.09

13 574.40

2743.73

2967.27

2743.73

NA

3755.19

1153.02

NA

NA

4777.47

7428.87

203.44

709.21

Severe

Indirect cost (US$)

The annual costs of dementia per patient in LMICs according to cognitive level inflated to year 2019 in US dollar

348.70
287.05

NA

128.46

464.06

287.05

0.03

857.86

145.98

557.44

2638.80

4626.17

1953.80

13 340.58

2638.80

844.27

NA

3347.95

6145.62

12 095.44

678.24

590.78

Mild

6365.45
5849.09

NA

3478.94

10 010.76

5849.09

0.81

9970.29

4236.59

11 011.68

3884.66

6904.13

4250.57

16 472.38

3604.68

2236.00

NA

3884.66

8680.04

20 369.70

851.82

1787.31

Moderate

1443.63

3375.88

Severe

11 500.09
13 324.02

NA

5357.09

13 614.98

15 704.82

NA

13 033.06

7283.82

14 006.79

5454.27

8588.05

5454.27

25 510.66

5658.11

3439.53

NA

4971.63

10 970.68

16 468.05

Total cost (US$)
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Direct cost
% of GDP,
unweighted

Indirect cost

% of GDP,
weighted by
population

% of GDP,
unweighted

% of GDP,
weighted by
population

Total cost
% of GDP,
unweighted

% of GDP,
weighted by
population

UMICs
LRMICs

0.24
0.17

0.46
0.17

0.19
0.22

0.45
0.17

0.43
0.35

0.91
0.34

LICs
LMICs

0.15
0.19

0.13
0.28

0.44
0.26

0.26
0.30

0.46
0.45

0.36
0.58

GDP, gross domestic product; LICs, low-income countries; LMICs, low-income and middle-income countries; LRMICs, lower-middle-income
countries; UMICs, upper middle-income countries.

Only one study30 reported the mean direct medical cost
of dementia per episode of care, which was MYR10 034
(SD: MYR7604) (approximately US$2414 (SD: US$1830)
in year 2017. Severe cases had the highest direct medical
cost per episode of care compared with moderate and
mild dementia. Meanwhile, one study27 showed the
national level cost of dementia as the average change
in the net present value of GDP of China (US$253.40
per patient in 2015), and the annual predicted value of
dementia costs exceeds US$1 trillion by 2050.
Direct vs indirect costs of dementia
Twenty studies3 23–29 31 32 35–38 40 42–46 measured both
direct and indirect costs of dementia, and 13
studies3 26 27 31 32 35–38 40 42 45 46 showed the driver of total
costs is indirect cost ranging from 42% (direct non-
medical cost had the same share)40 to 94%35 of the total
costs. Nationally represented data in table 3 also shows
that indirect cost is commonly greater than the direct
cost in LMICs.
Determinants of dementia costs
Various factors were identified as the determinants of
dementia costs in LMICs. Determinants of greater costs
across studies that collected patient-level data are higher
dementia severity; n=630 32 33 36 39 46, greater number
of comorbidities (n=436 38 39 44), prescription medication (n=326 28 29), longer treatment and hospitalisation
(n=230 38), older age (n=130), having a paid caregiver
(n=323 24 29), an older informal caregiver (n=125), and
lower education level (n=126). Studies using national
dementia prevalence or nationally representative data also
highlighted greater prevalence of dementia (n=33 35 38),
increase in population ageing (n=135) and hospital location outside the capital state (n=130) as the determining
factors of higher dementia costs at the national level.
DISCUSSION
This is the first study to systematically review studies of
dementia costs in LMICs, providing a comprehensive
understanding of its economic burden. We estimated
that the total costs of dementia in LMICs as percentage
Mattap SM, et al. BMJ Global Health 2022;7:e007409. doi:10.1136/bmjgh-2021-007409

of GDP is 0.45% in 2019, as compared with 1.4% in HIC
in 2017.3 The patient-level data showed the annual total
costs could be as little as US$590.78 (for mild dementia)
to about US$25 510.66 (for severe dementia) per patient.
This wide variation of economic burden may be due to
the varied number of samples and cost components
assessed. Indeed, many of the included studies included
patients with greater access to healthcare, with moderately measured indirect costs and assumptions of data
sources.
The estimated costs of dementia in LMICs are
lower than HIC. The lower cost of dementia in LMICs
compared with HICs could be partly due to the differences in the social determinants of health, like the
poorer access to clinical care and dementia medications,
and lack of knowledge of these services. Most LMICs are
under- resourced to provide specialist and hospitalisation services to dementia patients.47 Family caregivers
offer most of the support even for advanced dementia
patients.48 These factors could contribute to the lower
total cost and a higher proportion of indirect cost in
LMICs. However, we cannot prove this as the available
data from the articles in the review do not provide any
direct evidence to draw this conclusion.
The annual cost of dementia among different countries at the patient level varied widely. The wide range of
estimates may be due to the differences in the cost prices,
number of samples and specific items being measured
in the cost calculation. Although China has multiple
economic burden of dementia studies, the costs reported
widely varied across studies. This may be due to the inclusion and exclusion of cost components and the method
of estimating indirect and direct costs.
Only two studies have assessed the attributable cost
of dementia, due to the absence of control sample cost.
Even so, one study39 managed to include additional
expense of dementia associated with the progression
of disease using multivariate regression analyses with
mild patients as the reference category (no controls
in this study). It is difficult to differentiate the real
attributable cost of dementia from other health condition.49 50 Comparing cost between cohorts with and
11
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Table 3 The national-level direct, indirect and total costs of dementia summarised using the mean estimate percentage of
GDP inflated to the year 2019, based on World Bank’s LMICs classification
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the cost of illness studies on dementia. Our review found
that only a few studies measured productivity loss of a
caregiver but with no justification for the exclusion of
patient’s productivity loss. Indirect costing was based only
on informal caregiving time, which may have underestimated the magnitude of caregivers’ and patients' loss of
resources. It is important that future studies justify their
decision in the methodology if productivity loss of either
patient or caregiver is excluded.
The indirect cost due to the poorer health of caregivers and lost wages associated with caregiving are
often under-reported in these studies. Provision for the
training of professional and family carers is a key strategy
to reduce the negative outcomes associated with caregiving.64 65 However, the biggest challenge would be to
mobilise resources to cater to a large number of carers
with the limited resources available. In this context, digital
health interventions to provide distant training, many
of which have been proven effective in the COVID-19
pandemic, can be adapted to increase the reach of carer
training in dementia.66
The impact of caregiving on informal caregivers’ health
and its associated cost is often overlooked.60 62 Thus, data
of indirect cost from health deterioration due to caregiving even from HICs are unavailable for cost modelling.40 A hidden cost component associated with dementia
caregiving is the long-term cost of deteriorating health
and the resulting impact on the health and productivity of
the carers. There should be standardised ways of capturing
this cost in dementia costing studies. Caregiving time
often been highlighted as the major contributor to the
cost of dementia, regardless of the economic capacity of
the country.3 In HICs such as the USA, a combination of
informal care and paid formal care had the highest contribution to total dementia costs.61 In LMICs, indirect cost
from informal caregiving is the major contributor to the
total cost burden of dementia compared with direct cost.
Better estimation and inclusion of indirect cost parameters
may increase the actual dementia costs estimate in LMICs.
The strength of this study is that this is the first systematic review of dementia costs from LMICs regardless of
the publication year and language. The methodological aspect of the included studies was also evaluated,
providing recommendations for future research studies.
There are some limitations to our study. Although
we wanted to include as many studies as possible from
LMICs, only 15 countries had original published costs
data that were included in the review. We inflated the cost
of dementia at the national level to the year 2019 and
showed them as a percentage of GDP without accounting
for current dementia prevalence, as there is limited data
on the current prevalence of dementia in each country.
This may have resulted in an underestimation of cost. All
included studies had participants who were at least 60
years old, implying a lack of data on costs associated with
early-onset dementias in LMICs. Lastly, most studies used
data from UMICs. This may limit the generalisability of
the summarised data.
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without dementia is the best alternative to measure
attributable cost.50
We re-
estimated the burden of dementia as a
percentage of GDP in 2019 using previous studies reports
and found our estimates are similar to the average total
costs of dementia as a percentage of GDP in LMICs
reported in the most recent WAR 20173 (ie, 0.36% of
GDP in LMICs). However, this is expected because only a
handful of studies in LMICs provide nationally representative cost data, and our reported figure is heavily based
on the previous year WAR estimates. LMICs spend less on
dementia compared with the major non-communicable
diseases, namely cancer, diabetes, respiratory and cardiovascular diseases which are estimated to be about 4% of
the GDP.51
The main determinants of dementia costs in LMICs
were slightly different from the HICs. Patient care
setting, dementia severity and included costs categories
and components are some factors outlined by studies
from HICs.52–56 We also found that the most important
factor is dementia severity. Stratification of costs based on
dementia severity is important and has been shown as the
driver of dementia cost in previous studies.57 58 Besides,
informal care cost increase 18% per year as dementia
progress.59 Our finding is also consistent with the previous
studies, which employed various diagnosing tools and
slightly different cut-off points.57 58 Comparison between
studies could be better if homogeneous cut-off points and
dementia severity diagnosis tool were used. The second
most mentioned factor is the number of comorbidities.
Cost increases as the number of comorbidities increases.
Studies in HICs show that dementia patients with comorbidities are more likely to be hospitalised, have longer
hospital stays, and spend more on comorbidities than
people without dementia.3 60–62
The cost of dementia studies in this review largely
represents the UMICs group. Lack of nationally representative data from LMICs is a concern, despite most
studies having minimal risk of bias and detailed analyses. Most of these studies use convenient sampling
or non-
random participant recruitment from a single
healthcare centre or dementia society. These patients
tend to have advanced dementia, their caregivers typically report higher strain levels, and the families have
greater access and use more healthcare and community
support services.40 Limited financial and human capacity
is the most common barrier that lead to challenges in
conducting clinical studies in developing countries.63
In LMICs, convenient sampling may cause significant
bias in the cost estimation of dementia, as patients have
inequitable access to healthcare.59 Therefore, the results
shown may have low generalisability to broader dementia
patients within the same country.
Indirect costs are often challenging to be estimated.
One of the reasons is dementia is prevalent in older adults
and mostly retirees; therefore, productivity loss (loss of
income due to unpaid leave/absenteeism, early retirement, or death) of the patient is less often described in
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