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Abstract

Background: Nearly 19 million people across OECD countries are living with dementia, and millions of family
caregivers are affected by the disease. The costs of informal care are estimated to represent 40–75% of the total
dementia cost exceeding formal care time and medical costs.

Objective: To conduct a systematic review to evaluate the methodological quality and factors associated with high
informal care hours per month that increase societal costs, and to identify what type of interventions may alleviate
the entire burden of informal and formal caregiving.

Methods: The systematic review was registered at PROSPERO (15.12.2020). A search in Medline, Embase, PsycINFO,
and web of science for observational studies, cost-effectiveness, and cost of illness (COI) analyses on resource
utilization in dementia (RUD) was conducted on 1 December 2020. Our inclusion criteria included a requirement
that studies had to use the original RUD, RUD-FOCA or RUD lite in terms of hours or days per month, and costs as
primary or secondary outcome, OECD countries, within the last 20 years and a sample population comprising
persons with dementia (PwD) ≥65 years and their caregivers. We followed the PRISMA, GRADE, PICO guidelines and
Drummond criteria to assess the methodology and quality of the studies.

Results: Of 307 studies, 26 cross-sectional and 3 longitudinal cohort studies were included in the analyses. Two
studies had a randomized controlled trial (RCT) design. The methods and cost categories in each study varied
widely. Disease severity, caregiver factors, and behavioural and psychological symptoms of dementia (BPSD) were
associated with high informal care hours and societal cost. One RCT found no effect of a non-pharmacological
intervention on informal care hours, yet another RCT found a cost-effective impact of an in-home respite care
programme reducing informal care burden and costs.
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Conclusion: The divergent use of the RUD components within included studies encourage more harmonized
analyses. There are only two RCTs on RUD, one of which shows a significant treatment effect. Larger sample sizes
and longer follow-up periods are required in future RCTs with dedicated focus on cost-enhancing and resource
intensive factors such as disease severity and BPSD. Novel interventions must diversify between caregiver and PwD
groups.

PROSPERO registration: CRD42021226388.
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Introduction
Nearly 19 million people across OECD countries are
living with dementia, and millions of family members
who provide care and support throughout their lives
are directly or indirectly affected by the disease.
Total costs, i.e., costs related to informal care (un-
paid care provided by family and others), direct costs
of social care (provided by community care profes-
sionals and in residential home settings) and direct
costs of medical care (treatment costs and other
conditions in primary and secondary care), in de-
mentia were estimated to be US$279.6 bn in 2000,
US$ 604 bn in 2010 [1, 2], $948 bn in 2016, with an
annual growth rate of 15.9% [3]. Since 2010, the
total costs have grown by 35% [4]. Globally, it was
estimated that costs related to dementia passed USD
1 trillion in 2018, and the number was expected to
triple the next 20 years [5]. As people not only live
longer, but also spend a longer time span of their
last years at home, the caregiver burden of dementia
rises, as well as the need for family members to pro-
vide care 24 h a day [5].
Informal care is the care provided by family caregivers,

and formal care by professional staff. The more physical
disabilities and cognitive decline, the more formal and
informal care complement each other [6–8]. Informal
care costs constitute 40–75% of total dementia cost, ex-
ceeding formal care costs, and total medical costs [7].
Formal care is only the second largest cost component
of the total cost [9, 10].
A large number of informal care hours are associ-

ated with lost productivity or leisure time by informal
care givers [11]. Worsening physical and mental
health [12], poorer quality of life for caregivers [12],
institutionalization [12], increased financial burden
[13], and disease progression [14] are other factors as-
sociated with informal care. Thus, increasing caregiver
hours affect informal care cost [1, 15] in several dif-
ferent ways. The economic aspects of dementia are a
major public health policy concern [16], particularly
family relations that establish the infrastructure and
supply of informal care of persons with dementia
(PwD).

Resource Utilization in Dementia (RUD) is an as-
sessment tool developed and validated to evaluate re-
source use for PwD. RUD has been proven
comparative across countries with different health
care systems [10, 17] and provides the number of
hours and days per month of care within activities of
daily living (ADL), instrumental activity of daily living
(IADL) and supervision by informal caregiver. RUD is
used in trials, observational studies, and economic
evaluations, and is thus a useful source for health
policy makers, decision making and planning of de-
mentia care services by making distributions of sev-
eral cost components transparent [18].
Patient factors such as behavioural and psychological

symptoms of dementia (BPSD), disease severity and pro-
gression, and caregiver attributes such as age, socio-
economic status, employment- and situation, and the
ability of the caregiver to deal with the burden of caring
are key factors influencing RUD. Economic evaluations
using different valuation methods are one of the major
concerns when estimating the cost of dementia [19].
In this systematic review of the literature, we investi-

gate the resource utilization in dementia care with and
without explicit economic evaluations, as well as publi-
cations with solely economic evaluations using RUD as
cost input and primary outcome. Although, there are
some studies reviewing the economic evaluation of de-
mentia [10, 19, 20], this is the first to review both eco-
nomic evaluations and research papers jointly. The
benefits of focusing on RUD studies is the gain in com-
parability and in-depth methodological analyses. In pre-
vious economic evaluation studies, cost estimates vary
depending on the method of valuation for informal care
[21]. Following the PICO framework [22], the review
aims to investigate the following questions.

1) What factors are more strongly associated with
high caregiver burden and increased societal costs?

2) Are there specific health service interventions that
are more beneficial in terms of reducing caregiver
burden and societal cost levels?

3) What is the methodological quality of the economic
evaluations of RUD studies?
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Methods and analysis
Protocol and registration
This study is conducted in accordance with the PICO
and PRISMA guidelines for reporting of systematic re-
views and meta-analyses, [23] and is registered at PROS-
PERO (CRD42021226388). The protocol can be accessed
at https://www.crd.york.ac.uk/prospero/#recordDetails.

Search strategy

Electronic databases We did a systematic search in
Medline, Embase, APA PsycINFO, and Web of Science
for the period 2000–2020 on 1 December 2020. The fol-
lowing combined search terms were used: RUD OR “re-
source utility dementia” OR “resource utility in
dementia” OR “RUD-FOCA” OR “RUD-formal care” OR
“resource utility dementia-formal care” AND caregiver
OR “care giver” OR carer OR “care burden” OR “formal
care” OR “informal care” OR “nursing home*” OR “care
institution”, “health policy” OR “health care policy” OR
HTA OR “health technology assessment” OR “health
economics” OR “cost-benefit” OR “cost benefit*” OR
“cost analysis” OR “cost assessment”. The search terms
were adjusted to the specific databases and consisted of
free-text search.

Language We included studies published in English.

Study selection The reference search and part of the se-
lection method was done by the university librarian RKL
and first author RCA. Search results were independently
reviewed and screened by MHG and RCA at three levels:
titles, abstracts, and full text papers. All studies including
cost-estimation and observational analyses not using
RUD, RUD-FOCA, RUD Lite were eliminated. RUD Lite
is a shorter version of the RUD, which focuses mainly
on the patient’s resource use more than the caregiver’s
[24]. The RUD and RUD-FOCA instruments measure

the informal care time for family caregivers in home-
dwelling, and nursing home PwD [25]. The selection cri-
teria of cost-effectiveness and cost of illness (COI) stud-
ies were practised according to Drummond and
Jefferson [26]. All published protocols were eliminated
by RCA and MHG.

Study design and participants We included research
papers on informal caregiving to PwD living either at
home or in nursing homes. The inclusion and exclusion
criteria are displayed in Table 1. We included papers
with RCT design, observational analyses, and economic
evaluations such as cost-effectiveness and COI studies.
Studies that include both observational analyses and eco-
nomic evaluations assess the relationship between demo-
graphic and clinical factors, and total costs of dementia.
Reviews, editorials, and conference papers were ex-
cluded. Further, we included studies that recruited par-
ticipants ≥65 years. Studies that do not report age
criteria but nevertheless reported a mean sample age
higher than 75 were included. We included studies
within the OECD countries, including cross-country
studies with non-OECD countries in the sample, studies
from 2000, and studies that had RUD as primary or sec-
ondary outcome. As nursing home dementia patients
have significantly lower informal care hours [27] re-
search papers studying formal care with the RUD-FOCA
instrument that did not assess informal care were
excluded.

Outcomes The focus of this review was to identify fac-
tors affecting both formal and informal care hours per
month measured by the original RUD and RUD-FOCA,
as well as costs at different levels (individual, society).
The RUD and RUD-FOCA instruments measure the in-
formal care time in terms of hours and days per month
for family caregivers in home-dwelling and nursing
home PwD [25]. Both assessment tools comprise three

Table 1 Review inclusion criteria

Inclusion Exclusion

Setting Community-dwelling, nursing home

Age Participants ≥65 years

Study
outcome

RUD in terms of hours per month, days per month, and cost as
primary or secondary outcome

Informal care hours not based on RUD. Research papers with a
nursing home setting which did not assess informal care

RUD
versions

Original RUD, RUD-FOCA, RUD Lite

Type of
analyses

RCT design, observational analyses, economic evaluations Descriptive

Type of
paper

Research papers with the following design: longitudinal, cross-
sectional, cross-country, economic evaluations

Review, editorial, conference papers

Geography OECD countries

Year 2000–2020
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parts: instrumental activities of daily living (IADL) cov-
ering assistance with medication, financials, transporta-
tion, grocery shopping and cooking meals, personal
activities of daily living (PADL or ADL) such as assist-
ance with personal hygiene, and the extent of mobility
[17, 18, 25, 28, 29]. The RUD instrument assesses infor-
mal care on monthly hours of advising and supervision,
i.e., surveilling dangerous events.

Quality assessment To evaluate the quality of the ob-
servational studies and/or the economic evaluation, we
followed the recommendation checklists of international
health economic guidelines [26, 30], and for COI studies
we followed the COI evaluation checklist [31, 32]. Fur-
ther, we followed the quality assessment recommenda-
tion according to the GRADE [33]. GRADE provides
criteria for rating the quality of evidence that includes
study design, risk of bias, imprecision, inconsistency, in-
directness, and magnitude of effect. Following Drum-
mond et al. [34] and Molinier et al. [32], we use the
following ten points to assess the studies including eco-
nomic evaluations: clear definition of illness, compre-
hensive description of competing alternatives,

disaggregation of costs, identification of all important
and relevant costs and consequences for each alternative,
costs and consequences measured accurately in appro-
priate physical unit, unit costs appropriately valued,
careful explanation of the methods adopted, discounting
of costs, performance of sensitivity analysis, inclusion of
all issue of concerns in the presentation and discussion.

Results
Number and type of studies
The database searches retrieved 307 records. (Fig. 1).
We excluded 170 duplicates and eliminated 63 studies in
which RUD in the title did not refer to Resource
Utilization in Dementia. In addition, from the remaining
74 articles, we excluded protocols and conference ab-
stracts, descriptive studies, including economic evalua-
tions using other input than RUD, and ended up with 29
papers within the period 2000–2020 that were included
in the systematic review (Fig. 1). Three studies were co-
hort studies, 26 were cross-sectional and two had an
RCT design. Nineteen studies combine observational
analyses and economic evaluation based on RUD, two

Fig. 1 Flow diagram of RUD study selection
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studies had only cost-estimation, and eight studies in-
clude only observational analyses.

Non-cost evaluation studies
Table 2 summarizes the eight observational and RCT
studies informing the type of study, setting, age, demen-
tia stage, research methods and main conclusions. Seven
studies [35–40] defined dementia disease with the Mini
Mental State Examination Scale (MMSE) (range: 0–30)
[41]. One study, by Sköldunger et al. [42], used the Glo-
bal Deterioration Scale for assessment of primary degen-
erative dementia (GDS) (range: 1–7) [43]. Among the
studies in a home-dwelling setting [35–38, 40, 44] there
was no specified dementia disease in all 7 studies. There
was one RCT study by Luttenberger et al. [39] (n = 119)
that followed caregivers for persons accommodated in
nursing homes within a six-month period. This study
found no impact of a non-pharmacological multicompo-
nent therapy including 24 h assistance to ADL and IADL
care, on informal caregiver hours within the intervention
period. Despite the null finding, there were some limita-
tions that increased the risk of bias. The lack of blinding
may have increased distortion. Despite the strength of a

control group, the follow-up period was six-months.
Hajek et al. [45] is one of the three longitudinal studies
assessing caregiver time for 126 community-dwelling
PwD at 6-month intervals over a 1.5-year period, in total
4 assessments. The magnitude of the effect of dementia
severity on total caregiving time (formal and informal
care) increased by 39.4% per month at 1% level of sig-
nificance; 68% of the effect was informal caregiving time,
which was deemed to have high clinical relevance. Mar-
ried patients received more total caregiving time (+
33%), and 72.5% of the effect was informal caregiving
hours. Neubauer et al. [36] found a significant effect of
the PwD’s functional level for both primary caregiver
and secondary caregivers, but the difference in the effect
between the groups was rather small (0.07 and 0.10, p <
0.05). The t-test showed that informal care time by a
secondary informal caregiver was underestimated by
14%. A strength of the study was the comparison with
formal care. Parrota et al. [40] found a 1.7 increase in
supervision hours per day when PwD had depressive
symptoms. Depression was defined with the Cornell
Scale for Depression in Dementia (CSDD) [46]. The
strength of the study is the magnitude of the findings,

Table 2 RUD studies with observational non-cost analyses (n = 8)

Author, year,
country,
source
number

Type of
study

Setting, age PwD (age
CG), dementia stage

Method /
data
analysis

n Dementia
severity
definition

Conclusion

Teipel et al.
(2015)
Germany [35]

Cohort
study

Community-dwelling;
79.1; MMSE 21–23

t-tests 176
dyads

MMSE Neuropsychiatric symptoms in a primary care cohort
with dementia were associated with resource utilization
and distress of caregivers.

Sköldunger
et al. (2018)
Sweden [42]

Cross-
sectional

Nursing home
population; 86; GCS
severe 15.7%, moderate
25.7%

OLSa,
GLMb

4831 Gottfries
cognitive
scale (GCS)

Impaired cognitive function and functional dependency
increases the resource use in nursing homes.

Neubauer et al.
(2008)
Germany [36]

Cross-
sectional

Community-dwelling; 80
(59.4); MMSE 18.6,
NOSGERc 19.9

OLS, logit 313 MMSE,
NOSGER

Previous studies underestimated costs of informal care
because the time of informal caregivers other than the
primary caregiver was not considered.

Hajek et al.
(2016)
Germany [45]

Longitudinal Community-dwelling; 85
at baseline, MMSE 20.1

OLS REd 126 CDRe, GDS,
MMSE

Informal caregiving time strongly increased with
dementia severity.

Nordberg et al.
(2005) Sweden
[37]

Cross-
sectional

Home-dwelling; 81.8;
MMSE 25

Bivariate
regression

740 MMSE, CDR There is a stronger relationship between the severity of
the cognitive decline and the amount of informal care
rather than formal care.

Nordberg et al.
(2007) Sweden
[38]

Cross-
sectional

Community-dwelling;
84.6; MMSE 13

Tobit
regression

176 MMSE, CDR There is a variation in time use in institutional settings
due to differences in ADL dependency, but also whether
dementia is present or not. This variation has
implications for costs of institutional care.

Luttenberger
et al. (2012)
Germany [39]

Cross-
sectional,
longitudinal

Nursing home; 84.7;
MMSE 15.2

Regression 160 MMSE The 6-month non-pharmacological intervention im-
proved dementia symptoms in nursing home residents,
especially in social behavior and IADL capabilities, but no
effect was seen on informal care time.

Parrotta et al.
(2020) Cross-
countryf [40]

Cross-
sectional

Community-dwelling;
81.9 (62); MMSE 12.5

Regression 1223 MMSE Depression in PwD is associated with an increased
burden and distress of informal caregivers and a
reduction of their quality of life.

PwD people with dementia, CG caregivers. a Ordinary Least Square regression, b Generalized Linear Model, c Nurses’ Observation Scale for Geriatric Patients [84], d

Random Effect, e Clinical Dementia Rating [69] f Finland, Estonia, Germany France, the Netherlands
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also including the explicit discussion of confounders,
and the comparison with other caregiver burden mea-
surements such as the Zarit caregiver burden scale [47],
while a limitation was that it did not include other di-
mensions of RUD. Two studies investigated disease pro-
gress by MMSE using nursing home population
comparing people with and without dementia. One of
them, by Nordberg et al. [38] found no effect on the
level of cognitive functioning on informal care time,
while the other, by Nordberg et al. [37] found a signifi-
cant difference between formal care and informal care
users. A major limitation was that these bivariate ana-
lyses are not adjusted for other factors associated with
both MMSE and care times, such as ADL function and
neuropsychiatric symptoms. Sköldunger et al. [42] found
that both dependency and disease severity increased in-
formal care hours by 1.5 h per week which was of low
magnitude. Finally, a cohort study by Teipel et al. [35]
found a significant association between total score of the
Neuropsychiatric Inventory (NPI) [48] and increased
caregiver burden. This finding was robust to separate
items in the NPI instrument, and by clustering within
different GPs. A strength of the study was the use of all
three parts of RUD assessing hours per month; supervi-
sion, IADL and ADL, and the analyses incorporated a
comparison of the effect of different psychotropic medi-
cation to different NPI-symptoms (items) as an alterna-
tive analysis. Among the eight non-cost evaluation
studies, one study used RUD-FOCA [39], five studies
used all measurements of RUD [36–38, 42], one study,
by Teipel et al. [35] excluded supervision, and one study
only, by Parrotta et al. [40], used supervision.

Combination studies – economic evaluation,
observational- and RCT studies
Table 3 summarizes 21 studies with economic evalua-
tions (cost-estimations) and provides information on the
type of study, sample size, research methods, setting,
mean age of the PwD and their caregivers, and conclu-
sions. Vossius et al. [49] was the only study providing
longitudinal data with a 2year period and a 6 month
interval. Except for Boström et al. [50], Nakabe et al. [51,
52], and Hojman et al. [53], all studies in Table 3 used
MMSE or CDR to define the stage of dementia in the
sample. Boström et al. [50] had preselected participants
with either dementia with Lewy Bodies (DLB) or Alzhei-
mer disease. Vandepitte et al. [54] and Carter et al. [55]
used pure cost-estimations whereas Carter et al. used
COI analyses and Vandepitte et al. cost-effectiveness of
a Belgian randomized controlled trial of home-dwelling
PwD. Following Drummond et al. [34] and Molinier
et al. [32], Table 4 lists all cost studies providing infor-
mation on the type of health care system, valuation year,
currency, cost variables identified, perspective, the unit

for which the costs are provided, total societal costs, and
the share of informal costs to total costs.

Characterization of dementia
The cost studies included in Table 3 diverge regarding
dementia etiology and assessment of cognitive and func-
tional level. Thirteen studies [50, 51, 56–65] used the
MMSE scale to define cognitive ability, one study, by
Carter et al. [55] used the Dementia Severity Rating
Scale (DSRS) [66], two studies, by Vandepitte et al. [54,
67] used the GDS scale, and one study, by Darba et al.
[68] used the Clinical Dementia Rating Score (CDS)
[69]. Five studies included patients with Alzheimer’s Dis-
ease (AD) diagnose [56, 60–62, 68], while Boström et al.
[50] included patients with AD and Lewy Body Demen-
tia (DLB). Nakabe et al. [51, 52] used their own estima-
tion of care-need levels based on the ADL self-
maintenance scale by Katz [70]. Hojman et al. [53] used
the SS-IQCODE (Short Spanish version of the Informant
Questionnaire of Cognitive Decline in the Elderly) [71].

Perspective of the cost–analyses and disaggregation of
costs
Eighteen of the 21 included economic evaluations in
Table 3 used a societal level perspective. Seven of the
studies [54, 56, 58, 61, 67, 68, 72] combined both indi-
vidual and societal perspectives and three [51, 52, 57]
had individual level perspective. Two studies, i.e., Vande-
pitte et al. [54, 67] included cost perspectives from a
third-party payer. Sixteen COI studies provided cost in-
formation for formal and informal care and direct med-
ical care (out-patient, in-patient treatment, medication
and/or emergency visit). All studies except for one, by
Ersek et al. [58] provided indirect costs. Åkerborg et al.
[57] and Nakabe et al. [51, 52] did not include costs of
medication treatment for PwD nor did the two latter
studies include formal costs. Costs for accommodation
constituted a large share (68% of total care) in Åkerborg
et al. [57]. Handels et al. [64] provided data on
hospitalization of caregivers and was thus the only study
providing health care costs of caregiver.

Valuation of unit cost
Following Wimo et al. (2013) [1], 17 studies in Table 3
used the opportunity cost method for both employed
and retired caregivers. All studies used 35% of average
income to value lost leisure time for retired caregiver.
One study, by Ersek et al. [58] did not calculate indirect
costs, and two studies, i.e. Wubker et al. [63] and Darba
et al. [68] used the replacement cost methods. One
study, by Hojman et al. [53] used both opportunity and
replacement costs. All studies used hours per month, ex-
cept Åkerborg et al. [57] who used days. Buylova et al.
[73] was the only study providing weekly costs.
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Table 3 RUD studies with observational analyses and economic evaluation (n = 21)

Author,
year,
country,
source
number

Type of study Setting, age PWD
(age CG), dementia
stage

Method / data
analysis

n Dementia
severity
definition

Conclusion

Michalowsky
et al. (2018)
Germany [72]

Cross-sectional,
economic
evaluation

Community-dwelling;
80.2; MMSE 22.8

OLS, cost-
estimation

425
PWD,
254
dyads

MMSE Costs of care doubled over the stages of
dementia. For all cost categories, deficits in
daily living activities were major cost drivers.

Darba et al.
(2015) Spain
[68]

Cross-sectional,
economic
evaluation

Community-dwelling;
76.2 (59,6); median CDR
1

GLM, cost-
estimation

343 CDR The costs of care for people with AD in Spain
were substantial, with informal care
accounting for the greatest part. Greater
severity of the disease (CDR), increased direct
medical, social care, informal care, and total
costs.

Gerves et al.
(2014) France
[56]

Cross-sectional,
economic
evaluation

Community-dwelling;
79; MMSE 19

OLS, two-stage
least square
regression

57
dyads

MMSE Living with the PwD, severity of dementia and
hours spent on formal care were significantly
associated with informal care time.

Åkerborg
et al. (2016)
Sweden [57]

Cross-sectional,
economic
evaluation

Community-dwelling;
min 79; MMSE 17

GLM, cost-
estimation

296 MMSE Cost of dementia care increased with
dependence and the impact of other disease
indicators was mainly mediated by
dependence.

Boström et al.
(2007)
Sweden [50]

Cross-sectional,
economic
evaluation

Community-dwelling
and nursing home; 78;
DLB and AD diagnose

Stepwise linear
regression

34
DLB,
34 AD

Formal DLB and
AD diagnose

Dependency in instrumental activities of daily
living was strongly correlated with resource
use in DLB patients.

Carter et al.
(2019) Ireland
[55]

Economic
evaluation

Community-dwelling;
82; > 50% severe
dementia g)

t-tests, cost-
estimation

42 Dementia
Severity Rating
Scale (DSRS)g

Keeping highly dependent home-dwelling
PwD is not cheap and raises questions about
optimal resource allocation on the boundary
of home care and residential care.

Ersek et al.
(2010)
Hungary [58]

Cross-sectional,
economic
evaluation

Community-dwelling;
77.4; MMSE 16.7

Cost-estimation 88 MMSE Dementia related costs were much lower in
Hungary compared to Western European
countries. From the societal point of view,
there was no remarkable difference between
the costs of PwD living at home and in
nursing homes.

Farre et al.
(2018) Spain
[59]

Cross-sectional,
economic
evaluation

Community-dwelling
and nursing home; 83.1
(65); MMSE 15.1

Cost-estimation 287 MMSE Cognitive impairment contributed to the cost
of lost labour productivity in informal
caregiver, especially in home care.

Gustavsson
et al. (2011a)
Cross-
countrya [62]

Cross-country/
cross-sectional

Community-dwelling
and nursing home;
80.8; median MMSE
stage was mild

OLS, cost-
estimation

1222 MMSE, AD
patients

ADL-ability was the most important predictor
of societal costs of care in community
dwellings irrespective of country and should
therefore be central in the economic
evaluation of Alzheimer’s disease therapies.

Gustavsson
et al. (2011b)
Cross-
countryb [60]

Cross-sectional,
economic
evaluation

Nursing home; 75
(65.5); MMSE 20.7

t-tests,
correlation,
cost-estimation

2744 MMSE Informal care was the most important
component of costs of care in a mild-to-
moderate Alzheimer clinical trial sample, and
it was primarily driven by the ADL-ability.

Gustavsson
et al. (2010)
Cross-
countryc [61]

Cross-sectional,
economic
evaluation

Nursing home; 76.3;
MMSE 20.4

GLM with log,
cost-estimation

1381 CDR, MMSE ADL was an important determinant of care
costs. Formal care service use was lower and
informal care higher in Southern Europe
compared to Western and Northern Europe.

Vossius et al.
2019 Norway
[49]

Cross-sectional,
longitudinal,
economic
evaluation

Community-dwelling;
81.5; CDR-SoB 6.4h

GLM, cost-
estimation

257 MMSE, CDR There is no potential cost-saving effect of day
care designed for people with dementia. The
use of day care did neither result in a reduced
use of care nor in a delay of nursing home
admission.

Wubker et al.
2015 Cross-
countryd [63]

Cross-country,
economic
evaluation

Community-dwelling;
83.3; SMMSE mildi

OLS, cost-
estimation

1661 MMSE Transition into nursing home, increased total
costs of dementia care from a societal
perspective.

Handels et al.
2018 Cross-
countrye [64]

Cross-sectional,
economic
evaluation

Community-dwelling;
78 (66); MMSE 19

OLS, cost-
estimation

451 MMSE The study found varying relationships
between unmet needs and quality of life, and
no association between unmet needs and
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Estimation of resource consumption and sources of activity
data
Twelve of 21 studies listed in Table 3 used all three
informal care items (number of hours per month on
instrumental and personal activities of daily living,
and supervision) of the RUD questionnaire [52–54,
56, 58, 60–64, 67, 73], interviewing caregivers. Three
studies in Table 3 used RUD Lite [56, 60, 61, 68, 73]
Eight studies excluded supervision [49, 50, 52, 55, 68,
72]. All studies, except two [59, 68], reported cost de-
tails of informal care and thus, making estimations of
the share of informal costs to total costs possible
(Table 4, last column). Because most COI studies dif-
fered in their choice of valuation year, currency, and
unit cost (Table 3) there is high uncertainty about
the shares. In general, informal care varies with a
range of 21–33% concerning different valuation

methods [10, 19]. Because of this, we mostly empha-
sized the share of informal costs to total cost. The
largest share in the Nordberg study (2005) was super-
vision, which may in some cases overlap with ADL
and IADL. The data source was provided fully by all
studies, but four studies [49, 57, 59, 73] did not pro-
vide substantial discussion and details of the three
items of RUD despite using all components. Of these,
only Vossius et al. [49] excluded supervision. Neu-
bauer et al. [36] and Darba et al. [68] were the only
studies that also included costs of the secondary care-
giver. In a validation study by Neubauer [36], it was
found that 93% of the caregivers yielded complete
and plausible feedback on the number of hours of in-
formal care [44]. Three studies [58, 63, 72] still em-
phasized possible errors of recall bias and the
possibility of overlap between supervision on the one

Table 3 RUD studies with observational analyses and economic evaluation (n = 21) (Continued)

Author,
year,
country,
source
number

Type of study Setting, age PWD
(age CG), dementia
stage

Method / data
analysis

n Dementia
severity
definition

Conclusion

care costs, although the results were sensitive
to various factors.

Costa et al.
(2018) Cross-
countryf [65]

Cross-sectional,
economic
evaluation

Community-dwellig,
nursing home; 83.2
(63); MMSE moderate-
severe

Cost-regression 1446 Formal
diagnose, MMSE

Agitation symptoms had a substantial impact
on informal care costs in the community care
setting.

Buylova et al.
(2020) UK
[73]

Cross-sectional,
economic
evaluation

Nursing home; (62)
FAST; 6e and above

OLS, cost-
estimation

79 DSM-IV Agitation was a key driver of costs in people
with advanced dementia presenting complex
challenges for symptom management, service
planners, and providers.

Vandepitte
et al. (2020a)
Belgium [67]

Cross-sectional,
economic
evaluation

Community-dwelling;
78.7 (67.4); median GDS
stage moderate-severe

OLS, cost-
estimation

355 GDS Characteristics of the caregiver and the PwD
were associated with the monthly costs of
care from a third-party payer and a societal
perspective.

Vandepitte
et al. (2020b)
Belgium [54]

Cross-sectional,
economic
evaluation

Community-dwelling;
78.7 (67.4); median GDS
stage moderate-severe

Cost-
effectiveness
analysis based
on modelling

355 GDS In-home respite care program in addition to
standard community-based dementia care
was a cost-effective approach compared with
standard community-based dementia care.

Hojman et al.
(2017) Chile
[53]

Cross-sectional,
economic
evaluation

Community-dwelling;
median age range 61–
80 (60.7); Mean ADL;
62.5

GLM
regression, cost
estimation

330 SS-IQCODE Lower socio-economic status was associated
with higher costs due to informal care and,
possibly, symptom severity.

Nakabe et al.
(2019) Japan
[51]

Cross-sectional,
online survey

Community-dwelling;
81.8 (52.2); median
care-need level: 2

χ2 automatic
interaction
detection
(CHAID)
analysis

1383 Own estimation
of care-need
levels based on
function

Informal care costs were related to caregivers’
employment and cohabitation status rather to
the situations of people with dementia. Out-
of-pocket payments for long-term care ser-
vices were related to care-need levels and
family economic status.

Nakabe et al.
(2018) Japan
[52]

Cross-sectional,
Online survey

Community-dwelling,
nursing home; 82.5
(51.9); median care-
need level: 2

Descriptive
analyses

3841 Own estimation
of care-need
levels based on
function

The inclusion of informal care costs reduced
the differences in total personal costs among
the residence types.

a Sweden, Spain, UK, US, b Australia, France, HK, Italy, Netherlands, NZ, Singapore, US, c Sweden, Denmark, UK, Belgium, France, Germany, Switzerland, The
Netherlands, Italy, Spain, Greece, Romania, d Estonia, Finland, France, Germany, the Netherlands, Spain, Sweden and the UK, e Germany, Ireland, Italy, the
Netherlands, Norway, Portugal, Sweden, UK, f Estonia, Finland, France, Germany, Netherlands, Spain, Sweden and England, g Carter et al. [55], page 5, h SoB - sum
of boxes. Vossius et al. [49], page 6, Table 1, i SMMSE standardized mini-mental state examination, Wübker et al. [63], page 696
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Table 4 Economic evaluations using RUD

Author, year,
country, source
number

Type of health
care system
(insurance)

Valuation
year,
currency,
unit

N Cost variables
identified

Perspective Total societal cost Informal cost/total
societal cost (%)

Darba et al.
(2016) Spain [68]

Public 2013, EUR,
monthly

343 Formal care, medical
costs, informal care,
indirect costs

Individual
societal

5362

Michalowsky
et al. (2018)
Germany [72]

Public 2015, EUR,
monthly

425 Formal cost, medical
care, informal care,
indirect

Individual and
societal
perspective

2156.4 71%

Åkerborg et al.
(2016) Sweden
[57]

Public 2012, EUR,
monthly

170 Medical care, formal
care, informal care

Individual 3604.10 9.3%

Boström et al.
(2007) Sweden
[50]

Public 2005, EUR,
monthly

DLB:
34,
AD:
34

Medical care, formal
care, indirect costs

Societal DLB: 28974.3, AD:
14079.6

DLB: 26.9%, AD: 39%

Carter et al.
(2019) Ireland [55]

Private 2017, EUR,
monthly

42 Medical, formal care,
informal care

Individual 24.3%

Ersek et al. (2010)
Hungary [58]

Public 2008, EUR,
monthly

74 Medical, formal care,
informal care

Individual,
Societal

1649 17%

Farre et al. (2018)
Spain [59]

Public 2017, EUR,
monthly

287 Indirect cost (loss of
labour working hours)

Societal HC: 411.5, LTIC: 326.3

Gustavsson et al.
(2011b) Cross-
country [60]

2006, GBP,
annual

2744 Formal care, informal
care

Societal Mild: 9308 (10,924;
13,353)
Mod.: 13980 (16,408;
20,055, Sev.: 19957
(23,422; 28,629)

87–93%

Gustavsson et al.
(2011a) Cross-
country [62]

2007, GBP,
monthly

1222 Formal care, medical
costs, informal care

Societal HC: 15786, LTIC: 30037 30–60%

Gustavsson et al.
(2010) Cross-
country [61]

2006, EUR,
monthly

Formal care, medical
costs, informal care

Individual,
societal

NE: 505, WE: 690, SE:
587.5

NE: 47%, WE: 36.9%,
SE: 77.9%

Vossius et al.
(2019) [49]
Norway

Public 2017, EUR,
monthly

257 Formal care, medical
costs, informal care

Societal 8546 33.4%

Costa et al. (2017)
Cross-country [65]

2014, EUR,
monthly

1997 Formal care, medical
costs, informal care,
indirect costs

Societal HC: 445, LTC: 561 HC: 73%, LTC: 53%

Gerves et al.
(2013) France [56]

Public 2014, EUR,
monthly

53 Formal care, medical
costs, informal care,
indirect costs

Individual,
societal

4288.31 77.4%

Wubker et al.
(2014) Cross-
country [63]

2010, EUR,
monthly

Formal care, medical
costs, informal care,
indirect costs

Societal Estonia: 702.2, the
Netherlands: 2450.6,
Sweden: 2225

Estonia: 68.2%, the
Netherlands: 30.8%,
Sweden: 48.3%

Handels et al.
(2018) Cross-
country [64]

2015, EUR,
monthly

451 Formal care, informal
care, indirect costs

Societal 17,296 (16634–18,004) 66%

Vandepitte et al.
(2020a) Belgium
[67]

Public 2018, EUR,
monthly

355 Formal care, informal
care, indirect costs

Societal, third
party payer

2338 45%

Buylova et al.
(2020) UK [73]

Private and
public

2012, GBP,
monthly

79 Formal care, informal,
indirect costs

Societal 40,606 29%

Nakabe et al.
2018 Japan [52]

Public 2016, USD,
monhtly

330 Informal care, indirect
costs

Individual

Nakabe et al.
2019 Japan [51]

Public 2016, USD,
monthly

1383 Informal care, indirect
costs

Individual

Hojman et al. Private 2009, USD, 3841 Formal care, medical Societal 17,599 75
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hand and IADL and ADL based care on the other.
These studies used a maximum threshold of number
of hours of supervision or IADL and ADL based care-
giver hours.

Discounting costs and sensitivity analyses
Since most of the economic evaluations in Table 3 are
cross-sectional, there is no discounting of costs. Vossius
et al. [49], however, had a follow up of 12- and 24
months. The cost-effectiveness study of the in-home res-
pite care treatment of both caregivers and PwD [54, 74]
used the annual discount rate (beyond the first year of
the model) of 3% for future costs and 1.5% for future
QALYs recommended by the Belgian Healthcare Know-
ledge Centre. Only 10 of 21 economic evaluations listed
in Table 3 performed sensitivity analyses [53–55, 58, 59,
63–65, 67, 72]. Hojman et al. [53] and Michalowsky
et al. [72] used an alternative valuation method of infor-
mal care as sensitivity analysis.

Presentation of results and inclusion of all issues of concern
All 21 studies included in Table 3 provided a careful ex-
planation of the methods adopted. However, one study
fulfilled this only partly, i.e. Bostrom et al. [50]. More-
over, included studies also provided an analysis of issues
of concern, while only partly fulfilled by the following
studies [49, 58–60, 62]. The cost-effectiveness analysis of
the RCT study by Vandepitte et al. [54] used the control
group to provide analysis of competing alternatives. The
control group however, had treatment as usual and not
alternative care which makes the results more indirect
[33, 75]. Twelve studies provided sources of previous
studies, epidemiological approaches, or had a discussion
of the problems regarding an absence of previous epi-
demiological studies. Five studies did this partly [49, 58–
62]. Darba et al. [68] mentioned the limitation of not
comparing PwD with older adults without dementia. A
strength in the design of Boström et al. [50] is the com-
parison between AD and DLB, yet, the strength is lim-
ited by a small sample size of patients with DLB (n = 15).
A strength of Carter et al. [55] is the comparison be-
tween public and private residential care. While Ersek
et al. [58] provided national estimates, the large sample

size of both Nakabe et al. [51, 52] studies is due to an
online survey design.

Discussion
Our primary aim was to identify factors related to PwD
and their caregivers, that are strongly associated with
high caregiver burden and increased societal costs. We
also aimed to determine specific health service interven-
tions that reduce caregiver burden and societal cost
levels, and to assess the methodological quality of the
economic evaluations of RUD studies. This systematic
review illustrates that the functional dependency and se-
verity of dementia are strongly associated with increased
monthly hours of care and societal costs, lasting over
time. It is further demonstrated that programmes aimed
at alleviating caregivers’ burden (e.g., the in-home respite
care “Baluchonnage”) may be more cost-effective and in-
crease QALYs in an RCT study design. Since 2000, only
two RCT studies on care burden assessed by RUD are
conducted. However, low sample sizes and short follow-
up period encourage researchers to conduct further
explorations.
The results of this article are of key importance for so-

ciety, politicians, and clinicians due to the expected in-
creasing costs of dementia, and the pressure on family
caregivers and the primary health care system, in gen-
eral. While the need for care will continue to increase,
the number of potential informal caregivers will stagnate
[5]. The results are also crucial when designing new
treatment and health care service innovation.
Michalowsky et al. [72] is the only economic evalu-

ation study to fulfil all points of the Drummond criteria,
and further, Darba et al. [68] fulfils 9/10. The two stud-
ies showed the importance of disease progression to
caregiver burden and societal cost. Darba et al. [68]
identified that the severity of dementia was not only as-
sociated with RUD outcomes in terms of hours per
month, but also with all cost components including total
costs for the society. The fact that functional depend-
ency and severity of dementia are cost-intensive is also
in accordance with previous research [76]. For instance,
a study by Schwarzkopf et al. [77] investigated the cost
differences between mild and moderate dementia and

Table 4 Economic evaluations using RUD (Continued)

Author, year,
country, source
number

Type of health
care system
(insurance)

Valuation
year,
currency,
unit

N Cost variables
identified

Perspective Total societal cost Informal cost/total
societal cost (%)

2017 Chile [53] annual costs, informal care,
indirect costs

Information on the share of informal care costs to total cost is authors’ own calculations. In Bostrom et al. [50] informal care added as lost production of workers
and lost leisure of retired persons, and costs were given according to the following groups: Dementia Lewy Body (DLB) and Alzheimer’s Disease (AD). In
Gustavsson et al. [61] costs are divided regionally: North Europe (NE), Western Europe (WE) and Southern Europe (SE). In 5 studies costs were given annually, in 2
studies costs were given weekly and further, 2 studies reported costs by 6 months. All costs were transformed into monthly cost. Currency abbreviations: Euro
(EUR), US dollar (USD), Great British Pound (GBP)
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found that informal care costs of moderate dementia ex-
ceed the costs of mild dementia by 69.9%, whereas costs
for formal health care services differ by 14.3% between
the two dementia stages. Furthermore, caregiver factors
such as the level of education are also associated with
high societal cost due to the alternative costs and third-
party payers’ cost (i.e., government agencies or em-
ployers). The total costs also varied significantly across
socio-economic status of PwD, in which persons with
lower status had higher costs [53]. Finally, single neuro-
psychiatric symptoms such as depression [40] as well as
the total symptom burden [35] generated a high amount
of caregiver hours per month.
The findings of Hojman et al. [53] demonstrate the

importance of differences in costs and resource use of
the dementia disease across groups of PwD. However,
what the review reveals is that few economic evalu-
ation and resource use studies analyze costs and re-
source use across groups of caregivers. Two studies
with an online sample, and thus a young population
of caregivers have done so the last 20 years [51, 52].
Moreover, among the evaluated studies, health status
as well as comorbidities of caregivers and the influ-
ence on the total cost and resource use are absent,
and in COI studies, medical care costs are mainly
comprised by the medical care cost of PwD. Previous
studies have shown a positive relation between care-
giving intensity on the one hand and adverse health
effects and increased health care utilization on the
other [78]. As age is associated with higher medical
care costs among PwD [76], different age groups
among caregivers affect resource use and costs. Fu-
ture economic evaluation studies and cost of illness
studies should more thoroughly include health care
expenses of caregivers.
The MAKS intervention elaborated in Luttenberger

et al. [39] - a multicomponent non-pharmacological
therapy comprising of motor stimulation, activities of
daily living, and cognitive stimulation for nursing home
residents (n = 71) which was delivered for 6 months, 6
days a week, 2 h a day [39] with an objective to measure
informal care burden and dementia symptoms for PwD
in nursing homes had no significant effect on informal
care hours, compared to the control group. On the con-
trary, the in-home respite care intervention study by
Vandepitte et al. [54], where the intervention group
comprising of home-dwelling PwD and caregivers re-
ceived in-home respite care support in personal and in-
strumental ADL every 6 month for 5 days, concluded
that their care programme was cost-effective and gener-
ated increased QALYs compared with standard
community-based dementia care. In the respite program,
caregivers could be relieved from their caregiver’s task
for at least 5 days while a trained employee took their

place. For the patient, all daily habits/activities and re-
source use remained unchanged.
According to our methodological analyses based on

the GRADE guidelines and the Drummond criteria,
some characteristics of dementia are more strongly asso-
ciated with higher societal costs than others. The indir-
ect costs and the total societal costs are higher for
home-dwelling PwD compared to nursing home
dwellers, especially those living alone. Importantly, the
direct costs were higher when living in a nursing home.
These cost differences were also found in previous non-
RUD based studies [21, 27]. High costs and resource use
were associated with disease severity, functional depend-
ency, and BPSD. It is unclear what type of dementia eti-
ology demands more resources and generate higher
costs, but persons who have had the diagnosis for a long
period are especially resource intensive. Interventions
aimed at home-dwelling PwD, in combination with
standard care could relieve the burden for caregivers
and increase safety for PwD.
The divergent use of the outcome measurement RUD

may potentially under- or overestimate informal care
hours, cost levels, and the cost-effectiveness. Although
17 of 26 of the included studies used all three measure-
ments - ADL, IADL and supervision - inclusion of
supervision may overlap with ADL and IADL due to re-
call bias [44]. Similarly, excluding supervision may
underestimate care time and costs [29]. Only three stud-
ies used a maximum threshold of number of hours to
solve potential recall bias. Although the RUD instrument
has enhanced comparability of COI studies and other
non-cost RUD studies, the review calls for a more har-
monized approach.
The clinical and economic importance is to provide

knowledge that can lower the hours of care per month
along with the direct and societal costs it generates for
the family and formal caregivers.
Future studies that aim to reduce the burden of carers

and the related societal costs should include randomized
controlled trials with longer follow-up and compare dif-
ferent treatment approaches to each other as well as
standard care; they should also investigate the incremen-
tal cost-effectiveness ratio of the treatment among both
PwD living in the municipality and those living in nurs-
ing homes. The intricacy of alleviating the entire burden
of caregivers demands for health service innovation [79].
However, as organization of health care involves mul-
tiple stakeholders and layers of organizational levels – a
multicomponent complex interventions could potentially
mitigate caregiver burden and costs [79–81]. Multicom-
ponent intervention is not a discrete package of separate
components, but a process of changing what complex
systems do, introducing new ways of how the system
can work [82]. The treatment in multicomponent
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intervention should also target disease severity, func-
tional dependency, and BPSD, and distinguish between
different caregiver profiles including their socio-
economic status. The clinical and economic importance
of the systematic review is to provide knowledge that
can lower the hours of care per month and the direct
and societal costs it generates by family and formal
caregivers.

Limitation
The criteria we set in this systematic review (Table 1)
may potentially exclude important information. First, we
set the criterion of only reviewing studies with PwD aged
65 or older, mainly because the degree of resource
utilization and cost levels may be very different between
young (aged 55 or older) and older PwD [10].
Oure systematic review focused exclusively on the re-

source use (time) variables. Although this focus en-
hances comparability of the findings, there are multiple
measurements of informal caregiver burden. For in-
stance, we did not consider subjective well-being of care-
givers, even though this is highly emphasized in the
literature. The Relative Stress Scale (RSS), a self-rated
15- item scale that measures the caregiver’s burden of
care [83], offers an opportunity to differentiate between
different patterns of caregivers distress, while Costa et al.
[20] also show how multiple forms of informal care
questionnaire are used.
The RUD questionnaire only allows loss of labour

productivity information to be gathered from the per-
spective of the employee. Thus, its analysis requires the
use of the human capital approach that may overesti-
mate indirect cost. Alternative approaches exist when
valuing productivity loss such as the friction period
approach.

Conclusion
The divergent use of the RUD components within RUD
studies shows that future economic evaluations and ob-
servational studies should be better harmonized. There
are only two RCTs with RUD as primary or secondary
outcome, and only one of these shows a significant treat-
ment effect. This calls for future RCTs to be more meth-
odologically sound with appropriate sample sizes and a
representative follow-up period. Cost-enhancing and re-
source intensive factors such as disease severity, func-
tional level, and BPSD should be specifically targeted
when designing future treatment or intervention for
innovate primary health care services. Furthermore, new
treatments should diversify between caregiver groups,
and between different living situation of the PwD person
with dementia.
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