~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make Your PUbllCCltlonS VZSlble. h for Economics ' '

Darab, Mohsen Ghaffari et al.

Article — Published Version

Model-Based Economic Evaluations of Interventions for
Dementia: An Updated Systematic Review and Quality
Assessment

Applied Health Economics and Health Policy

Provided in Cooperation with:
Springer Nature

Suggested Citation: Darab, Mohsen Ghaffari et al. (2024) : Model-Based Economic Evaluations of
Interventions for Dementia: An Updated Systematic Review and Quality Assessment, Applied Health
Economics and Health Policy, ISSN 1179-1896, Springer International Publishing, Cham, Vol. 22, Iss.
4, pp. 503-525,

https://doi.org/10.1007/s40258-024-00878-0

This Version is available at:
https://hdl.handle.net/10419/315798

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

-. http://creativecommons.org/licenses/by-nc/4.0/
Mitglied der
WWW.ECOMSTOR.EU K@M 3
. J . Leibniz-Gemeinschaft


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1007/s40258-024-00878-0%0A
https://hdl.handle.net/10419/315798
http://creativecommons.org/licenses/by-nc/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Applied Health Economics and Health Policy (2024) 22:503-525
https://doi.org/10.1007/540258-024-00878-0

SYSTEMATIC REVIEW t‘)

Check for
updates

Model-Based Economic Evaluations of Interventions for Dementia:
An Updated Systematic Review and Quality Assessment

Mohsen Ghaffari Darab’2® - Lidia Engel® - Dennis Henzler? - Michael Lauerer? - Eckhard Nagel? - Vicki Brown' -
Cathrine Mihalopoulos?

Accepted: 7 March 2024 / Published online: 30 March 2024
© The Author(s) 2024

Abstract

Background There has been an increase in model-based economic evaluations of interventions for dementia. The most recent
systematic review of economic evaluations for dementia highlighted weaknesses in studies, including lack of justification
for model assumptions and data inputs.

Objective This study aimed to update the last published systematic review of model-based economic evaluations of interven-
tions for dementia, including Alzheimer’s disease, with a focus on any methodological improvements and quality assessment
of the studies.

Methods Systematic searches in eight databases, including PubMed, Cochrane, Embase, CINAHL, PsycINFO, EconlL.it,
international HTA database, and the Tufts Cost-Effectiveness Analysis Registry were undertaken from February 2018 until
August 2022. The quality of the included studies was assessed using the Philips checklist and the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) 2022 checklist. The findings were summarized through narrative analysis.
Results This review included 23 studies, comprising cost-utility analyses (87%), cost-benefit analyses (9%) and cost-effective-
ness analyses (4%). The studies covered various interventions, including pharmacological (n = 10, 43%), non-pharmacolog-
ical (n =4, 17%), prevention (n = 4, 17%), diagnostic (n = 4, 17%) and integrated (n = 1, 4%) [diagnostics-pharmacologic]
strategies. Markov transition models were commonly employed (65%), followed by decision trees (13%) and discrete-event
simulation (9%). Several interventions from all categories were reported as being cost effective. The quality of reporting was
suboptimal for the Methods and Results sections in almost all studies, although the majority of studies adequately addressed
the decision problem, scope, and model-type selection in their economic evaluations. Regarding the quality of methodology,
only a minority of studies addressed competing theories or clearly explained the rationale for model structure. Furthermore,
few studies systematically identified key parameters or assessed data quality, and uncertainty was mostly addressed partially.
Conclusions This review informs future research and resource allocation by providing insights into model-based economic
evaluations for dementia interventions and highlighting areas for improvement.

Key Points for Decision Makers

This study indicates a substantial increase in the number
of economic evaluation studies on a diverse range of
pharmacological, non-pharmacological, diagnostic, and
preventive dementia interventions conducted between
541 Mohsen Ghaffari Darab 2018 and 2022 compared with previous research in the
mghaffaridarab@deakin.edu.au field; however, the studies are restricted to a limited
number of countries.
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1 Introduction

Dementia is one of the leading causes of disability and
dependency among older adults globally, affecting individu-
als, their families, communities and societies [1]. In line
with population ageing, it has become a significant health-
care challenge of this century [2], and in 2012 dementia was
raised as a public health priority by the World Health Organ-
ization (WHO) and Alzheimer's Disease International (ADI)
[3]. Over 55 million people worldwide lived with dementia
in 2020, and this number is predicted to rise to 78 million
in 2030 and 139 million by 2050 [4]. The Global Burden
of Disease (GBD) 2019 Dementia Forecasting Collabora-
tors have provided higher estimates, with more than half
of the cases in high-income countries [5]. Recent evidence
also shows that in 2019, 25.28 million disability-adjusted
life-years (DALYs) were attributed to dementia, while this
number was 9.66 in 1990 [6].

In addition, the associated economic costs of dementia
were estimated at $818 billion worldwide [4]. While this
number is expected to increase 3.44 times by 2030, updated
figures as part of the WHO’s Global Status Report revealed
a new figure of $1313.4 billion in 2019 [7], which could
seriously challenge social and economic development and
health and social services provision [4]. Of this amount,
16% represented direct medical costs, 34% were allocated to
direct social sector costs (including long-term care) and 50%
pertained to the costs of informal care [7]. These challenges
would result in higher demand for health care and increasing
indirect costs of labour productivity losses [8].

Despite the existence of effective treatments to mitigate
the disease’s effects or slow its progression and improve the
quality of life of people with dementia, their families and
carers, scarce resources may prohibit affordable access to
beneficial care and services [9, 10]. Therefore, economic
evaluation studies can provide important inputs for the deci-
sion-making process of resource allocation. While economic
evaluation of alternative interventions can be conducted
alongside a trial or modelled evaluation [11], an advantage
of model-based evaluations includes the ability to compare
all alternatives, gather needed data from different sources of
evidence and follow estimation of consequences over longer
time horizons [11-13].

Dementia interventions have traditionally focused on
pharmacological approaches, although there is a growing
recognition of the importance of dementia prevention strate-
gies and non-pharmacological interventions. These interven-
tions encompass a range of activities such as physical exer-
cise, interventions to support and enhance cognitive abilities
in people with dementia, for instance, reality orientation,
reminiscence therapy or cognitive stimulation, psychological
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and behavioural therapies, occupational therapy [2, 14-16]
and psychosocial interventions for carers [17].

In spite of the increasing attention to non-pharmacolog-
ical interventions, a recent systematic review by Nguyen
et al. found that of 67 identified studies, only 5 and 19 stud-
ies evaluated non-pharmacological and preventive or diag-
nostic interventions, respectively, and 43 studies evaluated
pharmacological interventions [19]. This trend is further
evidenced by the limited number of economic evaluation
studies on non-pharmacological interventions identified in
another systematic review. Sopina and Sgrensen identified
only 10 studies between the years 2000 and 2017, highlight-
ing the need for more comprehensive research in this area
[18].

Moreover, the identified studies in these systematic
reviews have mostly been critiqued in terms of their lack of
incorporating long-term outcomes, such as behavioural and
psychological symptoms and functional performance [19,
20]. Additionally, according to other literature, decision-
analytic models for Alzheimer's disease (AD) for treatments
at the very early stages need to encompass people with mild
cognitive impairment (MCI), given that the pathophysiologi-
cal progression of AD starts potentially decades prior to the
manifestation of dementia symptoms [20].

The review by Nguyen et al. also revealed that while
many studies had improvements in terms of modelling,
particularly in relation to the decision problem description,
perspective, data inputs, and incorporating disease states
reflecting a coherent theory of the health condition, there
were also several areas where studies performed poorly.
For example, models often lacked transparency regarding
the assumptions and did not provide evidence of model
validation. Additionally, many studies had shortcomings
in evaluating data quality or considering alternative model-
ling options or uncertainties, leading to biased or unreliable
results [19].

The current study aimed to update the review by Nguyen
et al. of model-based economic evaluations of interventions
for dementia to include the most contemporary evidence,
identify potential areas for improvement and to conduct a
quality assessment of the included studies.

2 Methods

This systematic review was conducted based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [21] and reported according
to the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) 2022 checklist [22] for reporting eco-
nomic evaluations. The study protocol was registered at the
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International Prospective Register of Systematic Reviews
(PROSPERO; CRD42022337417).

2.1 Literature Search

Articles published in the English and German languages and
indexed in PubMed, Cochrane Library, Embase, CINAHL,
PsycINFO, EconLit, international HTA database,! and Tufts
Medical Center Cost-Effectiveness Analysis Registry were
searched from February 2018 until 3 August 2022 to identify
the most recent economic evaluation studies since the pre-
vious systematic review conducted in this area. Compared
with the initial review [19], the new search strategy included
a combination of a wider array of relevant terms, Boolean
operators and the addition of Medical Subject Heading
(MeSH) terms and the German language, ensuring a more
comprehensive and inclusive approach to capturing all
studies in the two main blocks. Block 1 included keywords
describing the population and health condition, i.e., people
diagnosed with dementia of any type, such as AD, and any
disease severity or those identified as carers for people with
dementia, whereas Block 2 included keywords around the
methodology describing model-based economic evaluation,
for example, economic, cost effectiveness, and Markov. The
two blocks were then combined with ‘AND’ and limited
target date to build the final syntax. See Online Resource 1
for the full search strategy.

2.2 Inclusion and Exclusion Criteria

This systematic review included model-based economic
evaluation studies and modelled extensions of trial data
(including cost-effectiveness analysis [CEA], cost-utility
analysis [CUA], and cost-benefit analysis [CBA]) in the
English and German languages, reflecting the authors’
language proficiency. All model-based economic evalu-
ations in which at least two interventions were compared
in terms of their costs and benefits were eligible, includ-
ing decision-tree, Markov, cohort simulation, and discrete
event simulation modelling. Interventions included anything
covering surveillance, screening, early diagnosis, treat-
ment, management, and care for people with dementia or
people with MCI (as a primary health condition) or their
carers. Trial- or regression-based economic evaluations
without decision-analytic models, simple cost or outcome
description studies of a single intervention, cost-outcome
description, cost-of-illness studies and reviews or system-
atic reviews and/or meta-analyses were excluded. However,
for the identified systematic reviews, including the study by
Sopina and Sgrensen [18], forward and backward citation
tracking was conducted by reviewing the reference lists and

! https://database.inahta.org/

papers that cited the review to identify other relevant stud-
ies that were not initially identified with the search strategy.
Studies relevant to animals, those in which patients have had
a disease other than dementia-related conditions, or studies
that did not focus on specific options were excluded. Con-
ference abstracts, dissertations or studies without full texts
were also excluded.

2.3 Selection of Studies and Data Extraction

The references from the bibliographic databases were
imported and deduplicated in Covidence [23]. Two review-
ers (MGD and DH) independently conducted each step of the
process, from title and abstract screening to full-text review,
using Covidence software. Disagreements were resolved by
consensus or through discussion with a third reviewer (LE).
The characteristics of the included studies were documented,
using a data extraction form in Microsoft Excel, based on
established guidelines for reporting economic evaluations
(CHEERS) [22, 24]. Data relating to the properties of the
included studies, including first author, year and country of
study, intervention and evaluation type, setting, study per-
spective and population, model type, time horizon and health
states, costs and outcomes, discount rate, currency, price
date, uncertainty, source of funding and conflicts of interest
were extracted by two reviewers independently (MGD and
DH) for half of the studies. Given the low rate of disagree-
ment between the extracted information (less than 8%), the
data for the remaining articles were only cross-checked by
the second reviewer. Any differences that remained unre-
solved after discussion between the two reviewers were then
referred to a third reviewer (LE) for final resolution. Incre-
mental cost-effectiveness ratios (ICERs) were adjusted for
price inflation to 2023 United States (US) dollars using the
CCEMG-EPPI-Centre Cost Converter.”

2.4 Quality Assessment of Decision-Analytic Models

Regarding the focus of this study on model-based economic
evaluations and in accordance with the literature, which
advocates for differentiating between assessing the quality
of reporting and the quality of methodology [24-27], we
evaluated the articles using the Phillips appraisal tool, which
is more specific to the methodology of modelled economic
evaluation and the CHEERS 2022 checklist (considered an
industry standard for reporting of economic evaluations),
both are highly recognized appraisal tools [28]. In this
regard, one reviewer (MGD) appraised the methodological
quality of models in the included studies against the frame-
work for assessment of good practice in decision-analytic
models in economic evaluations developed by Philips et al.

2 https://eppi.ioe.ac.uk/costconversion
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(hereafter referred to as the Philips checklist) [29] and the
quality of reporting based on the CHEERS 2022 checklist
[22]. In our evaluation, we focused primarily on the content
presented within the main text of the articles.

The Philips checklist [29] addresses three critical aspects
of modelling, including structure, data, and consistency,
within 58 items. The results of the assessment for each item
were described as ‘yes’, ‘no’, ‘unclear’ and ‘not applicable’.
The CHEERS 2022 checklist [22] comprises 28 items across
seven main domains: (1) Title; (2) Abstract; (3) Introduction;
(4) Methods; (5) Results; (6) Discussion; and (7) other rel-
evant information. To ensure the appropriate interpretation
of each item description, the Explanation and Elaboration
report of the Professional Society for Health Economics and
Outcomes Research (ISPOR) CHEERS II was considered
[24] and the presence of each item in the selected study
was qualitatively described as ‘yes’, ‘no’, ‘partially’ and ‘not
applicable’.

A random sample of 30% of the quality assessment of the
included studies was checked by a second reviewer (DH) to
ensure consistency. Since a low proportion (approximately
6%) of variation was found in 30% of the total studies, it
was concluded that the remaining 70% of the studies was
adequately assessed by a single reviewer. Disagreements
were resolved through discussions between the two review-
ers (MGD, DH), and in cases in which consensus could not
be reached, a third author (LE) intervened.

Any item labelled as ‘unclear’ or ‘partially’ was consid-
ered to not meet the expected quality for that criterion.

2.5 Narrative Analysis of Findings

The findings were synthesized descriptively and summarized
through narrative analysis. The relevant information from
the CHEERS criteria for each study was extracted, includ-
ing the description of the study population, interventions
compared, perspective adopted, time horizon, discount rate,
measurement of outcomes, characterization of uncertainty,
and engagement with stakeholders. The results were sum-
marized, providing a concise overview of how each study
addressed the different items specified in the CHEERS
checklist. The comprehensive assessment of each paper
against both the CHEERS and Philips checklists was sub-
sequently conducted, which allowed the examination of the
methodological rigour and reporting quality of the included
studies. In comparing the findings of the current review
with previous studies, the strengths and limitations of the
included studies were identified and discussed.
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3 Results
3.1 Search Results

The search identified 5275 records. After duplicates were
removed, 3182 unique titles and abstracts were screened,
which resulted in 69 articles for full-text review. The final
number of included studies was 23. The PRISMA flow dia-
gram in Fig. 1 provides details about the selection process
and reasons for exclusion.

3.2 Study Characteristics

3.2.1 Population, Country of Study, Interventions,
and Study Perspective and Setting

The 23 included studies covered a variety of populations
and conditions related to dementia. Specifically, 10 (43%)
studies focused on AD [30-39], five studies (22%) exam-
ined MCI and memory concerns [40—44], and three studies
(13%) targeted people with other types of dementia [45-47]
(Table 1). There were also individual studies that addressed
certain dementia prevention or diagnostic strategies for
specific populations, including couples with one heterozy-
gous Huntington disease individual [48], people at risk of
dementia without a specific health condition [49], those with
idiopathic normal pressure hydrocephalus (iNPH) [50], or
informal caregivers of people with dementia [51]. One study
also focused on a population of individuals aged 60—64 years
and examined the effectiveness of a dementia preventive pro-
gramme [52].

Eight studies (35%) were conducted in Europe [31, 37,
42,45, 47, 49-51], eight (35%) were conducted in the US
[32-34, 36, 39-41, 48], and two (9%) were conducted in
Canada [44, 46]. Additionally, single studies (4% each) were
conducted in Australia [52], Brazil [30], South Korea [43],
Taiwan [38], and Thailand [35].

Pharmacological interventions were the most evaluated
type of intervention in the included studies (n = 10, 43%)
[30-37, 41, 45] in relation to memory loss and cognitive
decline symptoms. Within this range, rivastigmine, galan-
tamine, and donepezil were from the category of cholinest-
erase inhibitors primarily approved for the treatment of
memory loss. Other options were memantine from the class
of medications known as N-methyl-D-aspartate (NMDA)
receptor antagonists, along with aducanumab and lecanemab
as anti-amyloid-f therapies [53, 54]; all are recommended
for slowing cognitive decline. Four studies (17%) specifi-
cally examined non-pharmacological interventions [44,
46, 47, 51], including two options in relation to memory
symptoms and cognitive decline, and two within services
supporting activities with daily living and integrated
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Not peer-reviewed articles (abstracts, book
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Studies included in qualitative synthesis

Unsatisfactory study population: 2
Hypothetical intervention: 1

Fig. 1 Search process and reasons for exclusion. PRISMA flowchart
depicting the process of study selection for the systematic review of
economic evaluations of dementia interventions, conducted between

community-based health and social services. Another four
studies (17%) investigated preventive approaches in relation
to dementia risk factors (primary prevention level) [38, 49,
52] and early intervention and disease modification (sec-
ondary prevention level) [50]. Diagnostic methods were the
primary focus in four studies (17%) [39, 42, 43, 48], and one
study (4%) addressed both diagnostic and pharmacological
interventions together [40].

The majority of studies were conducted from either a
healthcare perspective (n = 8, 34%) [30, 39, 42-47] or a
societal/modified societal perspective (n = 6, 26%) [31, 38,
48-50, 521, or from both a healthcare sector and societal/
modified societal perspective (n = 6, 26%) [34-37, 40, 41].
Two studies (9%) were conducted from both a healthcare
payer perspective and a societal perspective [33, 51] and

February 2018 and August 2022. PRISMA Preferred Reporting Items
for Systematic Reviews and Meta-Analyses

one study (4%) adopted a healthcare payer (insurance) per-
spective [32].

Of the 23 studies identified, only 12 studies (52%) pro-
vided information on the study setting. Of these, four stud-
ies (17%) investigated interventions in both community and
residential care settings [33, 40, 41, 47], five studies (21%)
in the community care setting only [32, 36, 44, 46, 51], two
studies (9%) in the residential care setting [45, 50], and one
study (4%) in a tertiary hospital setting [42].

3.2.2 Economic Evaluation Methods, Utilities, and Utilized
Software for Modellings

Eighteen (78%) studies used CUA (Table 1), two (9%) used
CBA [44, 46], one (4%) used CEA [42], and two studies
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employed both CUA and CEA [36, 41]. Quality-adjusted
life-years (QALY's) were the main measure of outcome used
across the studies.

All CUAs included in the analysis, as shown in Table 2,
obtained health state utility values from the published litera-
ture. One study did not provide specific information regard-
ing the source of the utilities [48]. Incorporating a range
of health conditions (cognitively normal state, MCI, and
dementia) or settings (community and residential care) into
one Markov transition model, several studies employed mul-
tiple sources to incorporate utility values in their modelling
practices [30, 31, 33, 40, 47]. The sources predominantly
relied on two widely recognized generic utility measures,
the EQ-5D and Health Utilities Index (HUI) Mark II and
II1, to assess health-related quality of life (HRQoL) through
indirect valuation methods. Among these sources, the cross-
sectional studies of patients and caregivers of health utili-
ties in AD using the HUI-II and EQ-5D questionnaire by
Neumann et al. [55-57] were the most common primary
sources of utilities used in seven studies [34, 36, 38—41, 51].
Another frequently used source of utility values was a cross-
sectional observational study on the societal costs of AD by
Mesterton et al. [58] referenced in three studies [30, 33, 49].
Mean utility values elicited from the literature ranged from
0.73 to 0.80 for MCI, 0.43 to 0.77 for mild AD, 0.21 to 0.59
for moderate AD, and 0.17 to 0.45 for severe AD (Table 2).

Several other outcomes were also measured in a few of
the studies, including the equal value of life-years gained
(evLYG) [36, 41], life-years gained (LY) [36, 41], percent-
age of correctly diagnosed cases [42], and health service
utilization reduction and costs averted by the intervention
[44, 46].

In most of the included studies, analyses were performed
using TreeAge [30, 31, 35, 40, 43, 48, 49] and Microsoft
Excel [34, 36, 47, 50, 51] each with six studies (52%, in
total). For a CBA conducted through decision tree model-
ling, a combination of Stata Standard Edition (SE) version
v16 and TreeAge Pro 2019 software was used in the study
[46]. A web-based and open-source health economic mod-
elling platform, heRo3, was used for Markov modelling in
one study [32]. The remaining studies did not specify any
particular software used for their modelling analysis.

Converted ICER to

2023 US$ for cost-

BBL-GP programme®:
$1927.41/QALY

effective option
Not applicable

costs averted by the

lization reduction
intervention

Health outcomes
Health service uti-

QALYs

Perspective
Societal

Health condition

(older adults aged
between 60 and
64 years)

Not specified
Non-pharmacological People with dementia Healthcare sector

(integrated): The
PHC IGSI (no

Preventive (primary):
intervention)

BBL-GP programme
(no intervention)

Intervention

EE and model type
Not specified
Decision tree (cohort)

CUA
CBA

3.2.3 Incorporated Health States, Time Horizon,
Decision-Analytic Model Type and Cycle Length

Country
Australia
Canada

The distribution of health states (if applicable) varied, with
the number of states ranging from three to seven. Specifi-
cally, two studies utilized a three-state categorization [45,
51], while another two studies employed a seven-state
categorization [39, 43], which was specifically applied in
the context of diagnostic interventions. However, the most
frequent number of health states observed in the included

Thanh [46]

value of life-years gained, /CER incremental cost-effectiveness ratio, iNPH idiopathic normal pressure hydrocephalus, /VF in vitro fertilization, LYG life-years gained, MCI mild cognitive
impairment, MCST maintenance cognitive stimulation therapy, NMDA N-methyl-D-aspartate, PET positron emission tomography, PHC IGSI Primary Health Care Integrated Geriatric Services

Initiative, prc perspective, QALY quality-adjusted life-years, QOL quality of life, SoC standard of care, VBP value-based price, WTP willingness to pay

AChEIs acetylcholinesterase inhibitors, also called ChEIs, AD Alzheimer’s disease, ADLs activities of daily living, BBL-GP Body-Brain-Life in General Practice, CEA cost-effectiveness analy-
sis, ChEIs cholinesterase inhibitors, CSF cerebrospinal fluid, CUA cost-utility analysis, CST cognitive stimulation therapy, DES discrete-event simulation, EE economic evaluation, evLYG equal

The cost data in this study were assumed to correspond to the time of publication due to the absence of explicit reference date information

“For two populations under evaluation: moderate-to-severe and mild-to-moderate AD

Table 1 (continued)

No. First author
22 McRae [52]

23
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studies was four and the most commonly encompassed cat-
egories of states were mild, moderate, severe, and death
(Table 3).

The time horizon of analysis ranged from 3 months
(n =1, 4%) [42] for a diagnostic option, to lifetime as the
most common approach, with 13 studies (57%) [Table 3].
Four studies applied time horizons of 10 and 24 years [30,
35, 38, 48], which can be considered equivalent to a lifetime
horizon, given that dementia is typically diagnosed in older
adults with a shorter life expectancy. The time horizon in
four other studies varied between 1 year and 5 years [37,
45, 46, 51] and one study did not detail the time horizon
employed [47].

The majority (n = 14, 60%) of the included studies
employed Markov transition models to capture disease pro-
gression over time, with a cycle length between 1 month and
1 year, and without any explicit relationship between the
type of intervention and the cycle length used in the models
(Table 3). Among these, 17 studies employed a cohort mod-
elling framework to simulate the course of events. Adding to
studies with Markov modelling, three studies (13%) utilized
decision tree models [42, 46, 48], two (9%) employed dis-
crete-event simulation (DES) [31, 35], and two used disease
simulation [33] and microsimulation and macrosimulation
modelling [47]. Two studies (9%) did not specify the deci-
sion analytic approach they used [44, 52].

3.2.4 Costs and Discount Rates

All 23 studies included direct medical costs consisting of
costs for medications, diagnostic tests and procedures, and
inpatient or outpatient visits according to dementia type,
disease stage, intervention and study setting (community or
residential care) under investigation (Table 3). Nine stud-
ies (39%) incorporated types of non-medical costs, includ-
ing transportation costs or costs of other facilities such as
institutional care, home services, or patient social care [31,
33-35, 40, 43, 47, 50, 51]. In all of the studies adopting a
societal or modified societal perspective, the costs associated
with informal care were considered (Table 1). All studies,
except one [41], did not consider productivity loss for people
with dementia (considering that the average age of dementia
onset aligns with the typical retirement age of 65 years or
older) [4].

The discount rates applied varied between studies. Spe-
cifically, 13 studies (57%) used a discount rate of 3% for
both costs and benefits (Table 3), two studies (9%) used a
discount rate of 5% [30, 43], one study (4%) used a discount
rate of 3.5%, and one study (4%) used a discount rate of
3% for costs and 1.5% for QALY [51]. Incorporating dis-
count rate was not applicable in three studies (17%) due to
the short time horizon of < 1 year [42, 45, 46], and there

A\ Adis

were three studies (17%) that did not report whether and how
costs and effects were discounted [39, 44, 47].

3.2.5 Cost Effectiveness of Interventions and Associated
Uncertainty

Sensitivity analyses were commonly conducted in the major-
ity of studies. These included deterministic sensitivity analy-
ses (DSAs) in 18 studies (Table 3), probabilistic sensitiv-
ity analyses (PSAs) in 13 studies (Table 3), and scenario
analyses in eight studies [31, 33, 34, 36, 40, 41, 46, 51]. Six
studies used both one-way DSAs and PSAs [30, 32, 35, 42,
48, 50]. A more comprehensive approach was taken in five
studies by simultaneously employing one-way deterministic,
probabilistic, and scenario sensitivity analyses to capture a
wider range of uncertainty and potential variations in the
evaluated interventions [34, 36, 40, 41, 51].

Based on the findings from DSAs across the studies, the
main parameters that had a considerable impact on the cost
effectiveness of interventions were treatment effectiveness
[33, 35, 36, 40—43] or health utility values [33, 40], cost
of medication [37, 40], treatment duration [31, 35, 51, 52],
transition probabilities [34, 36, 39, 41, 51], treatment dis-
continuation [33, 52], and population characteristics [34, 37,
46, 52]. However, in general, the results of base-case analy-
ses were mostly robust and were not significantly affected
by changes to parameters or assumptions given sensitivity
analyses.

The findings, as shown in Table 1, revealed supportive
evidence about the cost effectiveness of certain pharmaco-
logical and non-pharmacological interventions, and diagnos-
tic strategies such as shunt surgery in iNPH, a medical diet
with Souvenaid, FINGER prevention programme, in-home
and community-based care combination, a managed pharma-
cotherapy programme, in vitro fertilization pre-implantation
genetic testing, cognitive stimulation therapy, a Primary
Care Geriatric Initiative, an online Body-Brain-Life pro-
gramme and community-based memory programmes. How-
ever, options related to aducanumab, donanemab, positron
emission tomography, and a general screening policy were
not recognized as being cost effective. Moreover, among
studies in which interventions were evaluated from multiple
perspectives, only the cost effectiveness of donepezil versus
no treatment varied depending on the perspective adopted
[35]. There were no contradictory results among the stud-
ies that investigated the same interventions, despite using
potentially different methods.

3.3 Quality of the Included Studies

The methodological rigour and reporting quality of the
included studies were assessed using the Philips checklist
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[29] and the CHEERS 2022 guidelines [22], respectively.
The detailed evaluation of each included article against the
checklists’ criteria is provided in Online Resource 2.

3.3.1 Quality of Methodology: Philips’ Checklist

Structure (S) The majority of studies substantially developed
the decision problem (S1) and stated the scope (S2) and
model type selection (S6) of the economic evaluation; how-
ever, there was insufficient clarity in the primary decision
maker (S13) in most of the studies. Consistency between the
model parameters and the stated perspective (S22) was also
met in nearly half of the included studies.

Regarding the rationale for the model’s structure (S3),
only 13% of the studies discussed competing theories
related to model development (S33) and fewer than half of
the included studies explicitly specified the sources of the
data (S34) used to develop the model structure, or met the
expected transparency in discussing structural assumptions
(S41 and S42). In addition, a limited portion of the studies
(39%) clearly describe the rationale for casual relationships
incorporated in their models (S35).

The majority of the studies did not meet the expected
quality in terms of considering all feasible and practical
options (S52) and providing a clear justification for their
exclusion (S53), although approximately half of the studies
elaborated on the characteristics of options under evaluation
(S851), including time horizon (S7), disease states/pathways
(S8) and cycle length (S9).

Data (D) In assessing the included studies against the
essential criteria for data identification (D1), it was found
that a small fraction of the included studies satisfied the
requirements for the use of a clear and systematic approach
in data identification, specifically when considering key
parameters in line with the objectives of their models (D11,
D13, and D14) or providing evidence of utilizing a data
quality assessment (D15).

Regarding the utility weights, a majority (65%) of studies
appropriately incorporated and referenced utilities, reflecting
a positive trend; however, less than half (35%) adequately
justified the methods of deriving these utility weights.

The assessment of uncertainty (D4) showed that less than
one-fifth of the reviewed studies sufficiently addressed all
four types of uncertainty, including methodological uncer-
tainties, or considered heterogeneity by utilizing separate
models for different subgroups.

Consistency (C) Thirteen percent of the studies showed
evidence of thorough pretesting of the mathematical logic
within their models (C1). Moreover, although 70% of the
studies managed to draw valid conclusions from their pre-
sented data, explanations and justifications for counterintui-
tive results were scarce (C2), found in only 9% of the studies.

3.3.2 Consolidated Health Economic Evaluation Reporting
Standards (CHEERS)

Among the items assessed in the CHEERS checklist, the
analysis revealed a significant lack of thorough reporting in
several key areas, particularly with the methods employed
and the presentation of study results. Most studies did not
clearly disclose the setting and location, time horizon, dis-
count rate, explicating analytics and assumptions, and char-
acterizing heterogeneity.

The 2022 updated version of CHEERS introduced impor-
tant additions, including the use of health economic analy-
sis plans, model sharing, and the increasing involvement of
stakeholders and engagement with communities, patients,
and the public in health research [24]. However, our assess-
ment of the quality of reporting in the included studies
revealed that none of them explicitly addressed these newly
added aspects.

Overall, items about the methods and results sections
were the least adequately reported parts across the studies,
despite their importance in understanding, replicating, and
assessing the validity of economic evaluations.

4 Discussion

The purpose of this systematic review was to provide a
comprehensive overview of model-based economic eval-
uations of dementia interventions. By synthesizing and
analyzing a wide range of studies, we aimed to incorpo-
rate the latest evidence into the review, highlight the key
characteristics of these studies, and critically appraise the
methodological quality and quality of reporting among the
included studies. Through this discussion, we shed light on
the current state of knowledge, identify research gaps, and
provide guidance for developing decision-analytic models
in the field of dementia management.

In this systematic review, we identified 23 studies pub-
lished since February 2018, suggesting a notable increase
in the publication rate of model-based economic evalua-
tions of dementia interventions in recent years. Among
these studies, AD (43%), MCI (22%), and dementia (in
general; 13%) were the most common conditions exam-
ined. While the concentration of studies on AD and MCI
reflects the higher prevalence and research focus on these
conditions within the field of dementia, the limited rep-
resentation of other types of dementia, such as vascu-
lar dementia, Lewy body dementia, and frontotemporal
dementia, highlights a significant gap in the literature.

Moreover, despite the growing body of literature that
exists regarding the efficacy of non-pharmacological inter-
ventions, less than one-fifth of the included studies specifi-
cally evaluated these interventions, whereas approximately
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half of the studies focused on pharmacological interven-
tions. This may have implications for the allocation of
dementia care resources, introducing bias in prioritization,
and skewing policy decisions in favour of pharmacological
interventions.

Studies on pharmacological options included a com-
prehensive range of medications spanning the main phar-
macological categories used in dementia treatment, from
the conventional options to those recently approved [59],
all recommended for slowing cognitive decline. How-
ever, regarding non-pharmacological options, none of the
interventions was directly within the physical exercise
interventions, psychological and behavioural therapies or
occupational therapies. Instead, they were associated with
the categories of integrated health and social services and
support services for daily living activities and cognitive
stimulation therapies.

This review revealed that the majority of the studies
were conducted in the US and a limited number of Euro-
pean countries, indicating a lack of economic evaluations on
dementia interventions in many other countries worldwide,
even those with high estimated dementia prevalence rates
[4], such as Japan, Italy, Greece, Portugal and Germany.
Therefore, in light of the generalizability of the findings with
the understanding that the outcomes of economic evalua-
tions may not have universal applicability across diverse
country contexts, it is necessary to perform tailored evalua-
tions for each country’s specific circumstances.

Although most studies were CUAs, these findings gener-
ally aligned with existing literature in other clinical areas,
which is also often driven by health technology assessment
(HTA) guidelines by agencies such as National Institute for
Health and Care Excellence (NICE) in the UK [60] and the
Pharmaceutical Benefits Advisory Committee (PBAC) in
Australia [61] that recommend CUAs.

Markov transition models were the most frequently uti-
lized model structure in the included studies (60%), followed
by decision trees (13%) and DES (9%) models. The utiliza-
tion of Markov transition models is well-justified given the
scope of the disease, considering its chronic and progres-
sive nature characterized by recurring and long-term health
states. Given the advantage of DES models that incorporate
individuals’ unique demographics or disease characteris-
tics, they are the favoured approach in economic evaluation
as they can enhance the real-world representativeness [62,
63]. Nonetheless, as DES models require detailed patient-
level data and a high-performance computer, they are less
utilized [62, 63]. However, Markov cohort models have
been commonly used in dementia research and they can,
at an acceptable level, particularly if there is no evidence
of substantive heterogeneity, reflect the underlying disease
progression. The use of decision tree models in two stud-
ies that investigated diagnostic interventions [42, 48] is also
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deemed appropriate. However, since the incorporation of
surrogate outcomes is generally less favoured according to
HTA guidelines, including the PBAC guidelines [64], the
study by Contador et al. [42] could benefit from implement-
ing methods and assumptions to extend short-term results
to final outcomes.

There were significant weaknesses in consideration of the
competing theories in model structure development and the
sources of data used. Despite the valuable insights offered
by Brennan et al. [65] in their taxonomy of model structures
for the economic evaluation of health technologies, they also
highlighted that the discussion surrounding the selection of
a model structure for a specific health economic evaluation
context is often neglected or not adequately addressed in
published studies. This critique highlights a lack of infor-
mation reporting assumptions and detailed calculations that
are critical in assessing how some of the models were built
(transparency) and whether it sufficiently reproduces the
reality (validation). Review of the included studies showed
that although non-technical descriptions were generally
better reported in terms of model type, funding sources,
model parameters, results and limitations, technical docu-
mentation including information on methods to transform or
extrapolate data beyond observed values and model valida-
tion assumptions, employed techniques or related sources
of assumption remain mostly unclear. In light of this, it is
highly recommended that future research considers the rec-
ommendations reflected in the report of the ISPOR Mod-
eling Good Research Practices Taskforce [66] and suggested
framework for assessing quality in decision-analytic models
by Sculpher et al. [67].

Although the current consensus guidance on developing
Health Economics Analysis Plans (HEAPs) has primarily
focused on economic evaluations in randomized controlled
trials (RCTs), it is recommended that all types of economic
evaluations in future research would benefit from such
plans. Thorn et al. have developed a 58-item template to
prevent bias resulting from selective reporting or analyses
and enhance reproducibility [24, 68]. This template includes
ensuring details of the model structure are explained, pub-
lished and preferably illustrated in a way that ensures repli-
cability by any interested researcher [24].

Moreover, based on the findings, economic evaluations
in the field of dementia seriously lack the engagement or
description of their approach to engaging with people with
dementia, caregivers, the general public, dementia commu-
nities, and other stakeholders, such as clinicians or payers
in model development affected by the study [24]. This may
result in less relevance, acceptability, and consequently
research validation. Patients can potentially be involved
in various parts of model development, including reach-
ing for a common purpose of the model, enhancing model
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performance based on stakeholders’ values, and concerns
and discussion about uncertainties for decision making [69,
70].

In addition, involving individuals with abstract thinking
abilities and some trainings in health economics modelling
can enhance this process [69].

Approximately half of the studies included in the analysis
did not adopt a societal perspective when conducting eco-
nomic evaluations of dementia interventions, despite the fact
that the societal perspective is considered as a reference case
to ensure the quality and comparability of economic evalu-
ations [71]. One possible explanation for this might be the
lack of detail regarding broader societal impacts of the inter-
ventions or difficulties involved in quantifying and valuing
important costs, such as informal care costs [72], which rep-
resent a substantial portion of the non-healthcare costs asso-
ciated with dementia [73]. Limited time and resources are
other practical issues that often lead researchers to exclude
the societal perspective and its relevant considerations from
their analysis [72]. Nonetheless, overlooking the inclusion
of the societal perspective can lead to an incomplete under-
standing of the comprehensive economic implications of
dementia interventions [71].

The clarity in explaining the states and events incor-
porated in the model structure was found to be lacking in
fewer than 60% of the reviewed studies. Additionally, none
of these studies considered all three domains of cognition,
function, and behaviour comprehensively. Instead, they gen-
erally defined severity-oriented health states for the course
of the disease, which could potentially result in over- or
underestimation of the treatment benefits, as discussed by
Hernandez, et al. [20] and Onen et al. [39]. However, Cohen
and Neumann [74] argued that incorporating multi-attrib-
ute health states, including all possible states, is practically
infeasible due to the high number of states that would need
to be included in the model. In general, the finding concern-
ing the limitations in distinguishing features of the condition
is consistent with the results reported in other studies within
the same field [19, 75].

We identified a significant limitation in the reporting of
utility measurement and valuation methods in the included
studies. While utilities are crucial in enabling the compari-
son of interventions, the lack of detailed information and
transparency regarding utility measurement and valuation
methods may restrict decision-makers from fully evaluat-
ing the reliability and robustness of economic evaluations
[76] unless they delve into the referenced studies in order
to gain a more comprehensive understanding of the specific
details. Although the ISPOR Task Force recently devel-
oped recommendations to identify, review and synthesize
health state utilities, this information was mostly neglected
in reporting the source and methods of the values identi-
fication process [77]. Given that a journal word limit may

restrict detailed reporting, the primary information should
be at least included in a supplementary file and referenced
in the paper. This information should include the choice
of instrument, method of instrument completion (self- or
proxy-report), and the mode of administration (paper/pen,
or online) regarding the outcome measurement and prefer-
ence elicitation techniques choice (e.g., standard gamble or
time-tradeoff methods), country-specific value set used, and
composition and relevance of sample included in the valua-
tion study (e.g., representative general population) regarding
the outcome valuation [77].

The expected trend of decreasing utility values with dis-
ease progression is supported by the elicited values, as the
mean utility values generally decrease from MCI to mild
AD, moderate AD, or severe AD. Nonetheless, the wide
range of values reported for the same disease state in differ-
ent sources raises concerns about the potential impact on the
effectiveness of interventions and, subsequently, their cost
effectiveness. Thus, in addition to early discussion on the
importance of collecting utility values through a systematic
approach from the sources that reflects population prefer-
ences and aligns with the study objectives [78], in cases
where multiple estimates for a particular health state exist,
employing meta-analytic methods could serve to produce
more reliable estimates with less uncertainty [78]. Finally,
any probable uncertainty around the utility values needs to
be investigated through parameter sensitivity analysis.

The NICE methods guide for technology appraisal rec-
ommends the use of utility values obtained through the
EQ-5D method, along with published weights assigned to
each EQ-5D health state [79]. Consistent with the findings
in the existing literature, this review also observed that the
EQ-5D is the most frequently used source of utility values in
economic evaluations of dementia interventions. However,
dementia can impact various health aspects that may not be
adequately captured by the dimensions defined in generic
measures [80].

Using outcome measures in dementia has been dis-
cussed and is challenging. For example, while self-
reported measures are widely used in outcome research
of health interventions, there is a debate on the reliability
and validity of such measures in dementia due to cogni-
tive issues among people with dementia [81, 82]. Previ-
ous research has indicated a weak correlation between self
and proxy ratings for people in more advanced stages of
AD [83]. Therefore, using proxy-report utility measure-
ments rather than self-report instruments might be justi-
fied, although there is no consensus on this point [84].
The study by Smith et al. found that instead of substitut-
ing proxy-reports for self-reports in dementia, separate
self- and proxy-report measures should be developed [85].
Therefore, future economic evaluations should consider
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incorporating condition-specific measures alongside
generic measures in both self- and proxy-rated modes.

Moreover, future economic evaluations need to clearly
define health and social service boundaries as well as
informal care components incorporated in the study and
the approach employed for their measurement. Duration
of care, number and care task components (housework,
personal care, support with mobility, administrative tasks
and socializing) and time specifically invested due to ill-
ness are the key elements that should be stated [86]. The
current literature shows inconsistent approaches have been
used to informal care measurement and valuation [86,
87] and there is a need for a more consistent approach to
ensure comparability.

In general, the results of this study echoed the findings
of the previous review study by Nguyen et al. regarding the
neglect of conducting cost-effectiveness studies on non-
pharmacological interventions and for a range of dementia
conditions, except for AD [19]. There is also a small number
of studies with a social perspective, the high frequency of
CUAs, and Markov models are the most common model
type used. In relation to the quality of the methodology and
modelling of CEAs, the results of this study did not show a
substantive improvement compared with the previous study.
In particular, the development of models to represent demen-
tia progression with all its aspects, such as behavioural, psy-
chological and functional symptoms, are still missing.

The inclusion of studies in English or German can be a
limitation for this study. Moreover, due to incorporating a
broad range of interventions and variety of health condi-
tions in different model structures, it was not possible to
make a direct quantitative comparison across all findings.
Another potential limitation of our study is that the infor-
mation extraction from the included studies was conducted
solely by one reviewer. However, the study’s benefit includes
the use of all relevant databases, with the initial screening of
eligible articles and cross-checking the extracted informa-
tion performed by two independent researchers.

5 Conclusion

This review informs future research and resource alloca-
tion by providing insights into model-based economic
evaluations for dementia interventions and highlighting
areas for improvement. Overall, the findings of this study
indicate a substantial increase in the number of economic
evaluation studies on dementia interventions conducted
between 2018 and 2022 compared with previous research
in the field. These studies have examined a diverse range
of pharmacological, non-pharmacological, diagnostic, and
preventive interventions in terms of their cost effective-
ness. Nonetheless, these studies are restricted to a limited
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number of countries. Moreover, the quality of methodol-
ogy and reporting of these studies, similar to the most
recent reviews in this area, exhibits significant weaknesses
that should be addressed by researchers to enhance the
quality and rigour of future studies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40258-024-00878-0.
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